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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE ATOMIC SAFETY AND LICENSING APPEAL BOARD

In the Matter of )
)

PACIFIC GAS AND ELECTRIC COMPANY )
)

(Diablo Canyon Nuclear Power Plant, )
Unit Nos. 1 and 2) )

Docket Nos. 50-275 O.L.
50-323 O.L.

HRC STAFF PROPOSED FINDIHGS OF FACT AND CONCLUSIONS OF LAW

IN THE REOPENED SEISMIC PROCEEDINGS
AHD RESPONSE TO APPEAL BOARD UESTIONS

I. INTRODUCTION

On June 24, 1980, the presiding Atomic Safety and Licensing Appeal
r ]/

Board ("Appeal Board" ) issued a decision- reopening the Diablo Canyon

record on the basis of the Imperial Yalley Earthquake [California] of 1979

("IV-79").

Based on the evidence adduced at the reopened hearings held by the

Appeal Board on the impacts of the IV-79 earthquake on the seismic design of

the Diablo Canyon Nuclear Facility (DCNPP), the Partial Initial Decisionn

of the Atomic Safety and Licensing Board ("Licensing Board" ) with respect to

the seismic design contentions should be affirmed.

+1 Pacific Gas and Electric Com n (Diablo Canyon Nuclear Power Plant,
Units 1 and 2), ALAB-598, 11 NRC 876 (1980).

Q2 Pacific Gas and Electric Com an (Diablo Canyon Nuclear Power Plant,
Units 1 and 2 , Partial Initial Decision - Operating Licensing Proceed-
ing, LBP-79-26, 10 NRC 453 (1979).





II. STATEMENT OF THE CASE AND REFERENCE TO RULINGS BELOW

On June 24, 1980, the Appeal Board granted Joint Intervenors- motion3/

to reopen the Diablo Canyon record.~ The basis for the Appeal Board's4/

decision was the occurrence of the October 15, 1979 IV-79 earthquake with a

magnitude of 6.4 to 6.9 on the Richter Scale.~ The IV-79 earthquake occurred5/

after the Licensing Board had issued its Partial Initial Decision on Septem-

ber 27, 1979k The Licensing Board had found that the DCNPP was adequately

designed to protect the health and safety of the public- since it was

designed to withstand any earthquake that could be reasonably expected to

Q3 Joint Intervenors are comprised of the San Luis Obispo Mothers for
Peace; Scenic Shoreline Preservation Conference, Inc.; Ecology Action
Club; Sandra A. Silver; Gordon Silver; John J. Forster; and Elizabeth
Apfelberg.

/4 ALAB-898, ~su ra, p.881.

Q5 As the Appeal Board points out, the magnitude was variously described
as being within the range of 6.4 to 6.9M. ALAB-598, fn.ll, p.881.

Q6 The Licensing Board in its Partial Initial Decision also found that
aircraft and missile operations in the vicinity of the Diablo Canyon
plant do not present an undue risk to the health and safety of the
public (10 NRC, pp.462-63) and that the security plan for the plant
complies with all applicable NRC regulations (10 NRC, pp.507-508). The
Licensing Board deferred a ruling on Joint Intervenors May 9, 1979
motion for the Board to reopen the evidentiary hearings in the light of
the TMI-2 accident (10 NRC, pp.454-455). The Licensing Board also
pointed out that the radon issue had been deferred (10 NRC, 455). The

Appeal Board vacated as unsupported by the record the Licensing Board's
finding in the Partial Initial Decision that the PG&E security plan
complies with all applicable NRC regulations. Pacific Gas and Electric
Company (Diablo Canyon Nuclear Power Plant, Units 1 and 2), Decision,
11 NRC 227 (1980). The security plan matter is being handled by the
Appeal Board in parallel proceedings.

g7 11 NRC, p.880.
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+8
occur on the Hosgri Fault located approximately three miles from the site.

The Licensing Board had also determined that a magnitude 7.5 earthquake is a

very conservative value for the safe shutdown earthquake (SSE) and that the

requirement imposed by the Staff that a magnitude 7.5 earthquake be used by

the Applicant in its seismic analysis is reasonable and meets regulatory

requirements.
9/

Based on the occurrence of IV-79 on October 15, 1979, the Joint Inter-

venors on triarch 28, 1980 filed a motion to reopen the Diablo Canyon record.

The Joint Intervenors argued that the record should be reopened to take the

new IV-79 seismic information into consideration since that data made the

earlier Licensing Board's findings and conclusions questionable.~10/

Both the Applicant (on April 24, 1980) and the NRC Staff (on tray 5,

1980) responded that the Joint Intervenors motion based on the IV-79 earth-

quake would not have affected the Licensing Board's decision had that infor-

mation been before the Licensing Board prior to the issuance of its Partial

Initial Decision on September 27, 1979.

The Appeal Board agreed with Joint Intervenors and found that the

record should be reopened to take the new seismic information from IV-79

into account. In reopening the record, the Appeal Board noted that data

from IV-79 a magnitude 6.4 to 6.9 which approached the 7.5 magnitude of the

+8 10 NRC, pp.485, 490, 497.

Q9 10 NRC, p.485.

~10 11 NRC, p.881.
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design SSE used in the Hosgri Fault provided seismologists with "the best

near-field data set available to date."— The Appeal Board stated that in„11/

its judgment the new IV-79 data may well shed light upon the correctness of.

key seismic findings made by the Licensing Board, particularly because the

IV-79 data has obvious safety implications with respect to DCNPP.~

The Appeal Board determined that the new factual information presented

by the IV-79 data could lead the Appeal Board to a result different from

that reached by the Licensing Board.— The Appeal Board decided to hold13/

its decision on the remainder of the appeal in abeyance since the new seismic

data could affect its evaluation of the entire (Hosgri) seismic reanalysis.

In order to fr'arne the issues covering both Joint Intervenors'oncerns

and matters the Appeal Board wished to pursue, the Appeal Board specified

nine questions to be answered by the parties with direct written testimony.~14/

In addition, at the request of Joint Intervenors, the Appeal Board requested

the ACRS to make arrangements for Dr. tlihailo Trifunac and Dr. Enriquo Luco,

ACRS consultants, to appear and provide their views with respect to the

Appeal Board's specified questions within the scope of their respective

~11 11 NRC, p.881.

~12 11 NRC, p.879.

~13 ll NRC, p.881.

~14 11 NRC, pp. 888-892, Appendix.
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expertise and to comment on the testimony of the parties in response to the

Appeal Board's specified questions.—

Hearings on the seismic issues raised by IV-79 were held in San Luis

Obispo, California on October 20-25, 1980.

III. STATEMENT OF THE ISSUES

A. Whether the new IV-79 Earthquake data is consistent

with the Hosgri reanalysis, and, therefore, the Licensing

Board's finding that the Diablo Canyon facility is designed to

withstand any reasonable earthquake that could be expected to

occur on the Hosgri Fault should be affirmed.

B, Whether the IV-79 Earthquake data shows that the

Diablo Canyon facility is able to withstand a magnitude 7.5

earthquake on the Hosgri Fault and, therefore, the Licensing

Board's decision that the Diablo Canyon plant meets regulatory

requirements should be affirmed.

~15 11 NRC, p.879. Pacific Gas and Electric Company (Diablo Canyon Nuclear
Power Plant, Units 1 and 2), Memorandum and Order, ALAB-604, 12 NRC 149
(1980). The Appeal Board denied a similar request made by the Joint
Intervenors that members of the United States Geologic Survey be
provided an opportunity to comment independently on the Appeal Board's
specified questions, appended to ALAB-598 with respect to new data on
the location of the 1927 LOMPOC Earthquake (7.3). The Appeal Board,
however, directed the NRC Staff provide written testimony from a
knowledgeable witness describing the USGS'ew data bearing on the
location of the November 4, 1927 LOMPOC Earthquake and the nature of
the ambiqui ties that remain about that earthquake. Pacific Gas and
Electric Company (Diablo Canyon Nuclear Power Plant, Units 1 and 2),
Memorandum and Order, ALAB-607, 12 NRC 165, 167 (1980).
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IV. SUMMARY OF THE NRC STAFF POSITION

The evidence given at the reopened hearings conducted by the Appeal

Board with respect to its.specified questions on seismic issues based on new

data from the IV-79 earthquake shows that DCNPP is adequately designed to

protect the public from an earthquake of magnitude 7.5 on the Hosgri Fault.

The "design response spectrum", tied to a zero-period value of 0.75g, utilized

in the design reanalysis and developed by NRC Staff witness Dr. Nathan M.

Newmark is conservative when compared to a smoothed response spectra developed

16/ The Staff's approach in this brief and findings of fact and conclusions
of law has been to respond to the Appeal Board's questions based on the
factual record made at the reopended hearings. Our main arguments with
respect to Joint Intervenors contentions on appeal are set out in the
NRC Staff's brief in response to Joint Intervenor's exceptions. ("NRC
Staff Response to Intervenors Exceptions and Appeal of Seismic Partial
Initial Decision" (Staff Appeal Brief ( February 20, 1980)). Accordingly,
in this pleading, we do not attempt to provide lengthy rebuttal to Joint
Intervenors arguments set at pages 4 to 14 of its brief. In large part
these arguments have already been presented once to this Appeal Board,
and, therefore, we believe thay have been fully answered in the NRC

Staff Appeal Brief. (Ibid.) Similarly, the NRC Staff's argument with
respect to how maximum vibratory ground motion is determined pursuant
to 10 C.F.R. 100, Appendix A is more adequately set forth in the Staff
Appeal Brief. (Staff Appeal Brief, pp. 8-12, 21-24, 26-41), although
we do touch upon how Appendix A applies in this proceeding in response
to the arguments made at pages 4-14 of the Brown Brief that the one
Bonds Corner station reading of 0.8lg for peak horizontal acceleration
should be applied across the board as the "maximum vibratory ground"
motion at DCNPP. (Joint Intervenors'lso make the same point with
respect to Bonds Corner. (See Joint Intervenor's Brief, pp. 6-8,
9-14, 17-18, 22, 25-29.))
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based on IV-79 data.~ For that matter in the frequency range of interest,171

the DCNPP horizontal design response spectra developed by Dr.. Newmark for

the Hosgri reanalysis (except for some insignificant exceedances, Kuo, pp.

5-6, 10-11) envelopes the "free field" ground motion spectra. of IV-79. Dr.

Newmark was justified in using the "TAU effect", an engineering equivalent

factor, to modify the design response spectrum in the high frequency range

to account for the changes in characteristics of motion due to the presence

of large structures such as nuclear power plants. (Tr. 539-555).

In the near field of large magnitude earthquakes (surface wave magnitudes

(i~1 ) of 6.5 - 7.5)—acceleration values in the frequency range of interest18/ V

s

for nuclear power plants are not linearly dependent on magnitude. Thus,

there is a saturation effect for peak ground motion acceleration in the near

field as magnitude increases in the magnitude range from 6.5 - 7.5. Further,

ground motion acceleration in the near field of large earthquakes (1 km to

10 km) does not increase linearly with decreasing distances, but tends to

flatten out or saturate. For the DCNPP, a vertical acceleration being 2/3

of the horizontal acceleration was justified for the development of the

vertical design response spectrum.

17/ The Licensing Board's findings discuss response spectra and seismic
design process used for the Hosgri reanalysis at 10 NRC, pp.492-507.

18/ 'lh th reference to the DCNPP design spectra the magnitude 7.5 is under-
stood to be surface wave magnitude (e.g. Luco Testimony, pp. 1-3).





Y. ARGUMENTS

A. Ground Motion is Hot Linearly Dependent on Magnitude and There is
A Saturation Effect For Ground Motion Intensity Based on Both
Ma nitude and Distance in the Hear Field of Earth uakes

The Appeal Board's guestion 1 states:

The October 15, 1979, Imperial Valley Earthquake (IV-79,
ML = 6.4 - 6.9) provided an extensive set of strong motion
records in the near field of a rather severe earthquake.33/
The parties should compare the horizontal peak acceleration
values recorded for various instrument positions with earlier
predictions'nd compilations of such motion, e.cC., those
contained in the Final Safety Analysis Report+FSAR) on the
Diablo Canyon Nuclear Power Plant, Amendment 50, Appendix D

LL 11B, Figures 2, 3 and 4; and United States Geological
Survey (USGS) Circular 795, Figures 4, 24, 47, and 48.
Those comparisons should (if possible) address whether there
is magnitude independence or a saturation effect for ground
motion intensity in the near field of earthquakes.34/

33/ Preliminary Summary of the U.S. Geological Survey
Strong-Motion Records from the October 15, 1979 Imperial
Valley Earthquake by R.L. Porcella and R.B. Mathiesen
(October 1979), included in Board Notification, Decem-
ber 17, 1979.

~34 See, for instance, Tr. 8597; 10, 105; 5889-90.

~Summa r:
Comparison of the horizontal peak ground acceleration values in the

near field of the October 15, 1979 IV-79 Earthquake (ML = 6.6, MS
= 6.9)

with earlier predictions based on strong motion records demonstrates that

ground acceleration does not increase linearly with decreasing distance in

the near field of large earthquakes. (Testimony of Robert L. Rothman follow-

ing Tr. 536, p. 7; Testimony of Dr. John A. Blume, pp. I-5 - I-7 (Tr. 45);

Blume Figures I-6 through I-9; Tr. 116, 125-126; Seed, pp. I-I - I-3 (Tr.

45).) There is a saturation effect (a decreasing rate of increase, or





flattening of acceleration with magnitude) for ground motion intensity as

magnitude increases in the magnitude range of H of 6.5 - 7.5 in the near
s

field of earthquakes. (Ibid.)

Discussion:

The instrumental data recorded at close distances in the IV-79 Earth-

quake is significant because it provides one new data set for a ~sin le

earthquake of magnitude ti = 6.9; HL
= 6.6 recorded at distances comparable

s

to the distance from the Diablo Canyon site to the Hosgri Fault. For this

reason IV-79 data must be used with caution in drawing conclusions about

Diablo Canyon. ( Ibid.; Glume, p. I-l.) In addi tion, comparisons of data

and conclusions from IV-79 to previous predictions and compilations of data

should be done with recognition of the particular and unique characteristics

of IV-79 and the setting in which IV-79 occurred. The IY-79 Earthquake data

may be compared to the design values used for nuclear power plants such as

Diablo Canyon only if the different site characteristics, both geological

and seismological, as those characteristics may have affected that data, are

carefully considered. (Rothman, pp. 3-4.) For example, for one-particular

site the earthquake focal mechanism, the seismic wave propagation path

characteristics, and the recording site geology can have a significant

effect on the data recorded. (Rothman, p. 3.) Thus, with respect to DCNPP,

IV-79 can be applied only if it is recognized that the DCNPP site is basically

a rock site while the Imperial Valley is a basin with 300 meters of unconsoli-

dated alluvium underlain by approximately 5.5 kilometers of sedimentary

rock. (Rothman, pp. 3-4.) The caution with respect to making generalizations

from IY-79 alone, which is basically one set of data (in effect, one additional
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data point which supports the theory that acceleration saturates with magnitude

in the near field, (Rothman, p. 9)) applies to our responses to Appeal Board

questions 1, 3, and 7.

For sites which are very close to the source such as the Diablo Canyon

site, the maximum acceleration is not a linear function of magnitude. This

is borne out when the data from IV-79 is compared with the curves shown in

Fgure 4, 24, 47, and 48 of USGC Circular 795. Rothman, pp. 7-8; Rothman
v

Figures 2a, 2b, 2c, and 2d; and the figures in the DCNPP FSAR, Amendment 50,

Appendix D LL 118, Figures 2, 3 and 4. USGS Figures 4, 24, 47 and 48—19/

show various regression analysis curves for plots of peak horizontal

acceleration versus distance for difference magnitude earthquakes. (Testi-

mony of Robert L. Rothman, Figures 2a, 2b, 2c, 2d; see Blume, pp. I-4, Blume

Figures I-6 - I-9; Seed, Figure I-l.)
It is clear from plotting a regression curve using the IV-79 data on

the USGS 795 figures that as distance measured normal to the surface rupture

trace of IV-79 decreases below about 10 km, acceleration flattens out or

saturates. (Rothman, pp. 7-8, Figures 2a, 2b, 2c, and 2d; Blume, pp. I-5-

I-6; Seed, pp. I-1 - I-3; Seed Figure I-1). The IV-79 data generally falls
h

below the curves of Dr. Trifunac for magnitude 6.6 and especially so at

short distances. Thus, the IV-79 data tends to support the theory that

~19 It is also important to note that the regression curves in USGS figures 4,
24, 47, and 48 reflect data no closer than approximately 9 or 10 kilometers
from faults that were the sources of earthquakes (Seed, p. I-1). This is
understandable since close-in instrumental data has been generally unavail-
able until IV-79. Figures 4 and 24 of USGS Circular 795 with IY-79 super-
imposed show, as recommended by the authors of USGS Circular 795, that
these curves should not be extrapolated for close-in distances. (Blume,
p. I-4; Seed, p. I-1; Seed Figure I-1.)
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the peak horizontal acceleration flattens out at short distances. (Rothman,

pp. 7-8; Blume Figures I-6 -I-9; Seed, pp. I-2 - I-3). Dr. Trifunac's

predictive curves are plotted as a function of hypocentral or epicentral

distance rather than as a function of distance normal to the fault. Thus,

for application in the near field for design purposes Dr. Trifunac's curves

are unrealistically conservative. Dr. Trifunac, himself, acknowledged that

his curves were overly conservative, i.e., repres'ent extreme values (Tr. 1269;

Tr. 1264-1274, see: Tr. 570) and that realistic values would be lower than

his curves would predict. (Tr. 1272; see 1264-65.) On the other hand, when

the IV-79 peak horizontal data are plotted as a function of closest distance

to the Imperial Valley Fault (Tr. 62) a good statistical relationship is

obtained to show saturation effects with decreasing distance normal to the

fault and to show saturation effects with increasing magnitude. (Rothman,

pp. 6-9; Seed, pp. I-1 - I-2; Blume,pp. I-5 - I-7; Smith, pp. I-1 - I-3; Tr.

122, 126, 133-135, 150-151, 171.)

Dr. Rothman, on behalf of the Staff, confirmed that the IV-79 data is

not a good fit to the Trifunac predictive curves. (Tr. 562, 568, 570.) It
is important to note that for IV-79 it appears that the data approximately

fits Dr. Trifunac's predictive curve's at only one station, i.e., the Bonds

Corner Station. (Tr. 568.)

The Bonds Corner Station is relied on exclusively by both Joint Inter-

venors and Governor Brown as the keystone of their respective positions.

(~E , Brown Brief, pp. 4-14; Joint Intervenors Brief, pp. 6-14, 25-29.)

However, the fit of the Bonds Corner Station values from IV-79 to Trifunac's

predictive curves would be expected since that station turns out to be the
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station where the normal distance to the Imperial Valley Fault approximates

the epicentral distance. (Tr. 568.)

The IY-79 data seem to be generally consistent with USGS Circular 795

data and, in addition, indicate a flattening of the curve at short distances

from the fault. Data from this one earthquake tend to show that previous

predictions, based on extrapolations of far-field data, over-estimate the

peak accelerations to be expected in the near field. Thus, use of USGS

Circular 795 Figures 4, 24, 47, and 48 to predict peak acceleration at DCNPP

for an earthquake on the Hosgri Fault which is "close-in" at a distance of

5.8 km could result in an overly conservative value for peak acceleration if
used to develop design response spectra. (Rothman, p. 8.)

Hith respect to saturation of peak acceleration with magnitude, IV-79

provides additional data to support the Hanks and Johnson theory (B.S.S.A.,

1976) that acceleration saturates with magnitude as magnitude increases

above approximately 6.5. (Rothman, p. 9; Rothman Figure 3.) This means

that in the near field of earthquakes peak ground accelerations for large

earthquakes (magnitude 4.5 and greater) are not linearly dependent on magni-

tude. (Rothman, p. 9; Blume, p. I-6; Blume Figure I-10; Seed, pp. I-1-
I-3; Seed Figures I-1 and I-2.)

Comparison of the IV-79 data with Figures 2 (Blume Figure I-3); 3

(Blume Figure I-4); and 4 (Blume Figure I-5) of the DCNPP FSAR Amendment 50,

Appendix D -LL 11-B must be done with caution since these curves are from a

data "set" and are not site specific. (Blume, p. I-4.)
N

On the other hand, the curves represented in Figures I-1 and I-2 of

Dr. Blume's testimony can be used to make valid comparisons since they are
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site specific (Blume, p. I-4). Figure I-1 demonstrates that the distance

versus peak acceleration saturation effect is demonstrated in the IY-79 data

in spite of the extreme recorded value for the Bonds Corner Station at

3 kilometers from the Imperial Valley Fault. (Blume, p. I-6.) Figure I-2

shows that the Trifunac curves, which were developed based on epicentral

distance, do not fit the IV-79 data (Blume, pp. I-5 - I-6; Blume Figures I-1

and I-2). Significantly, for the first time in the Oiablo Canyon proceedings,

either at the Appeal Board seismic reopened hearings or the ASLB hearings

below, Or. Trifunac explained that for distances relatively close to the

fault, for long faults such as the Hosgri Fault, the magnitude, whether a

magnitude of 6.5 or 7.5, would make little difference in the peak ground

motion for a site at a close distance to the fault. (Tr. 1274; 1272-74.)

From this it can be concluded that Or. Trifunac's testimony is not incon-

sistent with the view that peak horizontal ground motion is not linearly

dependent on magnitude for close-in earthquakes. Thus, the acceleration

values of free field ground motion for a magnitude 7.5 earthquake on the

Hosgri would not be expected to be significantly larger than the accelera-

tion values of the free field ground motion that occurred for IV-79 a magni-

tude t1 6.9 earthquake. (See Rothman, pp. 8-9, Tr. 577-78.)
s

Or. James N. Brune testified with respect to Appeal Board guestion 1 on

behalf of Joint Intervenors.~ ("Testimony of James N. Brune on Behalf of20~

~20 In addition to testifying for the Joint Intervenors with respect to
Appeal Board guestions 1, 4 (Partial), and 7, Dr. Brune also submitted
direct testimony on behalf of Governor Edmund G. Brown with respect to
Appeal Board guestion No. 7. "Prepared Testimony of James N. Brune on
Behalf of Governor Edmund G. Brown, Jr. Regarding Appeal Board guestion 7

(August 8, 1980)," following Tr. 601 ("Brune" ).



~ '



-14-

Joint Intervenors Regarding Appeal Board guestions 1, 4 (partial), and 7

(August 8, 1980)," following Tr. 601.)

In his prefiled testimony Dr. Brune stated that the OCNPP design

accelerations, velocities, and'isplacements of 0.75g, 61 cm/sec, and 24

cm,~ respectively, are not established as conservative values for the21/

postulated magnitude 7.5 earthquake for DCNPP, if these values are assumed

to be true ground'motion. These values were exceeded in the distance range

of 3 to 7 kilometers by IV-79 with a magnitude of approximately 6.6, the

first earthquake of this size for which there are extensive near field

records (Brune, p. 4-5, 11).

Or. Brune's testimony reflects that the IV-79 data record, although

important, still does not give an extensive amount of data on accelerations

to be expected in the near field ( 10 km) of earthquakes. (Brune, p. 11.)

Dr. Brune's testimony, however, is consistent with that of the Applicant

(i.e. Dr. Blume, Dr. Seed, and Dr. Smith testimony on Appeal Board guestion 1)

and the Staff, (Dr. Rothman testimony), although it reflects his assessment

of the uncertainty that surrounds extrapolation of earthquake data to the

near field. (Brune, pp. 4-5, 10-11.) Dr. Brune testified that for close

distances of less than 15 km from the slip surface, the IV-79 data indicate

that accelerations increase with decreasing distance, but with a flattening

slope at close distances (-Brune, pp. 4, 10; Tr. 772, 857).

~21 There appears to be a mistake in Dr. Brune's testimony. The 24 cm

figure used by Dr. Brune for displacements apparently should be
either 20 cm or 8 inches. See SER, Supplement 6, Appendix C,
p. C-20, Hewmark Testimony, Reference A, p. C-20, fol. Tr. 8552
(ASLB Hearings).
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Dr. Brune also took issue with Dr. Blume's position that the Imperial

Fault was considered a vertical plane of energy release (Tr. 613). Dr. Brune

advanced a novel theory that about 505 of the total energy released by the

IV-79 earthquake was released in a zone about ten km in length at a depth of

six to ten km which he called a zone of "concentrated energy release" (Tr. 613,

843). He illustrated this zone on J. I, Ex. R-12 and stated it was not a

point source (Tr. 775, 854). However, on cross-examination Dr. Brune was

unable to locate the zone with any degree of specificity or describe its

dimensions (Tr. 776, 778, 779, 788, 854, 894, 1201). Finally, he concluded

that his zone of concentrated energy release was not a final result but only

a possible fit to the data. He acknowledged that it should not be used "for

anything other than simply getting a general idea of the different ways that

that would plot," and that he did not want to "stick [his] neck out" regarding

the location of the zone (Tr. 793, 841, 853, 886). Applicant witnesses

Fr azier and Smith saw no evidence of localized high zones of energy release

in the IV-79 records (Tr. 335, 1378).

As has been pointed out, analysis of the Imperial Valley earthquake

data will continue. (Rothman, pp. 3-4, 13-14.) During this time different

interpretations of the data will be presented and some will stand the test

of time and some won'. Dr. Brune's as yet unpublished model is based upon

research which is still ongoing (Tr. 776). The preliminary nature of this

research contributed to the striking from the record of part of Dr. Brune's

testimony. (Tr. 985, 992-93.) Certainly some justification, alternate or

revised model will have to be invoked to explain the relatively low accelera-

tion (0.32g) (Fig. 5, Rothman) recorded at the California Division of Hines
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and Geology, tleloland station at about the same distance from the hypothe-

sized zone of high energy release as the 0.81g at Bond's Corner. Rather

than, (1) assume the existence of this hypothetical zone on the Imperial

Valley Fault and; (2) assume that if the Hosgri fault located in the greatly

different geological environment ever ruptures that another zone of energy

release will occur exactly adjacent to the plant, it is more correct to

utilize the generalized and accepted approach (e.g. USGS, Circular 795) that

the appropriate distance for ground motion estimation is the closest distance

to the rupturing fault. (See 10 CFR Part 100, Appendix A, 5 V(a)(l) and

5 VI(a)(1).)

While undoubtedly it can be assumed that there is some variation in

energy release along a rupturing fault we believe that lacking accepted

theoretical justification and suitable site specific data, the precise

location of these zones of high or low energy release is beyond the state of

the art and not appropriate for use in estimating future ground motion for

engineering purposes at this time.

Dr. George A. Young's testimony on behalf of Governor'rown~ should22/

be largely disregarded in the Appeal Board's assessment of whether it would

reach a different conclusion than that reached by the Licensing Board based

on the IV-79 Earthquake data.

22/ "Prepared Direct Testimony of George A. Young on Behalf of Governor
Edmund G. Brown, Jr. Regarding Appeal Board guestions 1-6" (August 8,
1980), following Tr. 608 ("Young" ).
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Or. Young's plot of IV-79 on Dr. Blume's Figure I-1 (Brown Exhibit R-12)

was statistically incorrect. No data points fell below a mean minus one-

standard deviation, and only one IV-79 point fell above the mean plus

one-standard deviation (Tr. 979 - 981). Dr. Young also testified that he

selectively used only 15 stations in comparing Dr. Blume's Sam V equation

and the IV-79 data, although in discussing the TERA report he stated that

all the data should be used unless there are serious questions regarding its

accuracy (Tr. 745, 972, 973). Dr. Young, who specifically testified that he

was not a seismologist (Tr. 985, 992-93), stated that he would predict a mean

peak horizontal ground acceleration of 1.0g at the OCNPP site for a magnitude

7.5 earthquake on the Hosgri Fault (Young, p. 15; Tr. 1013). He stated,

however, that he did not know of any earthquake with a mean peak acceleration

of 1.0g.~ Dr. Young further was not aware of the fieloland record provided
r

by the California Division of t1ines and Geology, although he said he read

its report. (Tr. 984.) Furthermore, Dr. Young indicated his lack of

qualifications to draw conclusions with respect to the IV-79 data and the

DCNPP design response spectra. In shor t, Dr. Young's testimony should be

given little weight in resolving Appeal Board guestion l.
In response to Dr. Johnson's questioning, Or. Trifunac agreed that for

relatively close in distances to a fault for magnitude 6.5 - 7.5 there would

be no difference expected in peak horizontal acceleration values. (Tr.

1272; 1270-1274.)

~23 He also testified that the highest seismic design value that he knew of
for any building in the world was 0.75g value used for the analysis of
DCNPP (Tr. 1010).
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Governor Brown offers an extensive argument as to why the Bond's24/

Corner record should be singled out and employed with some modification to
I

determine the seismic design bases for the Diablo Canyon Nuclear Power Plant

The Governor argues that the use of the Bond's Corner record is required by

Appendix A; in fact, he argues that it is the only means of compliance with

Appendix A. The Governor misconstrues the requirements of Appendix A.

Appendix A sets forth guidance for determining that earthquake which, among

all other earthquakes that could affect the site, would produce the maximum

vibratory ground motion at the site. Appendix A then requires that the earth-

quake discerned to produce the maximum vibratory ground motion at the site be

designated as the safe shutdown earthquake (SSE). This is exactly what has

been done by the designation of a magnitude 7.5 earthquake on the Hosgri fault

as the safe shutdown earthquake for the Diablo Canyon Nuclear Power Plant.~25/

24/ In argument Governor Brown seeks to resurrect points about the
regulatory standard to be applied that have been fully addressed
in previous proceedings before this Appeal Board. Thus, the essence
of Governor Brown's argument (Brown Brief, pp. 4-7) was fully addressed
in the Staff's brief on exceptions on the appeal of Pacific Gas and
Electric Company (Diablo Canyon Nuclear Power Plant, Units 1 and 2),
Partial Initial Decision Operating Licensing Proceedings, LBP-79-26,
10 NRC 453 (1979)). (NRC Staff Response to Intervenors'xceptions
and Appeal of Seismic Partial Initial Decision (February 20, 1980)
("Staff's Appeal Brief"), pp. 27-34, 34-41.)

25/ From the time of the reopened seismic proceedings with respect to DCNPP,
the NRC Staff has understood the Appeal Board's purpose to be to test the
theories, techniques, and methodology used in the development of the DCNPP

response spectra with IV-79 data.
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Beyond the designation of the safe shutdown earthquake in accordance

with Appendix A, there are myriad seismological and engineering considera-
U

tions that are employed to develop reasonable assurance that necessary

safety functions are maintained under seismic loading. For example, with

respect to seismology in his proposed findings on Appeal Board's questions 1

and 3, Governor Brown has placed great weight upon the Bond's Corner accelero-

gram. This recording (peak acceleration of 0.81g) is the highest horizontal

strong motion recorded from the IV-79 earthquake. Governor Brown then argues

that this record must be adjusted upward to account for the differences

between the Imperial Valley and Diabl'o Canyon sites. The use and manipula-

tiori of one record is clearly not consistent with the intent of the Appeal

Board or the intent of 10 C.F. R. Part 100, Appendix A. The Appeal Board

reopened the hearing for the purpose of assessing the impact of the Imperial

Valley earthquake data upon the seismic findings of the Diablo Canyon Licens-

ing Board. As has been pointed out, for IV-79 (Rothman, pp. 6-9), the

horizontal peak accelerations and their statistical distributions are con-

sistent with past predictions. These past predictions do not rule out the

occurrence of isolated records with higher peak accelerations. (Kuo, pp.

5-7; Newmark, p. 14.) Similarly, the use of the term "maximum vibratory

acceleration" in Appendix A does not, as explained by Seabrook Appeal Hoard

in ALAB-422, ~su ra, rule out the occurrence ot peak acceleration values

greater than those used to anchor design spectra.

It is not appropriate to place excessive weight on this one record

alone. Or. Rothman has pointed out that higher ground motions were also

recorded at Bond's Corner than other stations in the region at the same
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epicentral distance from a subsequent earthquake originating at a different

location. (Rothman, pp. 6-9.) While geophysical investigations have not

been carried out to prove or disprove it, certainly the possibility of

anomalous site conditions must be considered. Rothman, pp. 6-9. Governor

Brown argues that the 0.81g Bonds Corner response spectrum in some instances

is above the Hewmark design responses spectrum for DCHPP anchored at 0.75g.

(Brown Brief, pp. 2, 4-14.) However, exceedances in this manner from single

events at particular recording stations would be expected since design
'I

response spectra are developed based on statistical averages of earthquakes.

(Hewmark, pp. 13-14; Kuo, pp. 5-6.) In addition, the Bonds Corner Station

record may be a statistical anomaly. It is unusually high when compared to

surrounding stations. (Rothman, pp. 6-9). For example, another station

(Neloland) located at approximately the same distance from Dr . Brune's

hypothesized "zone of high energy release" as the Bonds Corner Station

registered a peak horizontal acceleration of only 0.32g for IV-79.

(Rothman, Figure 5). In addition, in the Calexico Earthquake that occurred

in 1980 in the Imperial Valley, Bonds Corner (of the stations that triggered)

registered 0. 14g. ( Ibid.) This reading was several times higher than any

of the other stations that triggered. In any case, it is far more reason-

able to view the Bonds Corner data point in conjunction with the other many

recordings from the IV-79 earthquake. It is unreasonable to take this

single and possibly anomalous recording and isolate it from all the other

data, manipulate it to account for differences between Diablo Canyon at the
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Imperial Valley, and claim that the manipulated single record demonstrates

the inadequacy of the Diablo Canyon design. (Tr. 184-192.)

Thus, Governor Brown has shown no nexus between the 0.81g Bonds Corner

Station value recorded in the IV-79 earthquake on the Imperial Valley Fault

and the Hosgri Fault.

Accordingly, there is no basis for applying the free field 0.81g peak

horizontal station recording at Bonds Corner from'he IV-79 Earthquake

occurring on the Imperial Valley Fault to the DCNPP site.—26/

Governor Brown's argument that the 0.75g value used for design at DCNPP

does not meet the regulations because it has been exceeded at a soil site

intimates that Governor Brown does not understand the design process. It is

clearly not the engineering practice to design for single events, i.e., to

require the design to envelope the highest values recorded without regard to

location of those values or their nexus to the particular facility being

designed. (Newmark, pp. 10). 27/

26/ Single peak acceleration values, such as that that occurred at Bonds
Corner, are not what is used in design response spectra. (PID, .)

~27 Cf.: Public Service Company of New Hampshire, et al. (Seabrook Station,
Units 1 and 2), ALAB-422, 6 NRC 33, 63 (1977); Public Service Company

of New Hampshire, et al. (Seabrook, Units 1 and 2), ALAB-561, 10 NRC 410,
432, 436-7 (1979); Public Service Company of New Hampshire, et al.
(Seabrook, Units 1 and 2), Order, CLI-80-33, 12 NRC 295, 298, ( 1980)
(Record Ordered reopened to consider Dr. Chinnery's methodology and to
consider the Staff's methodology for correlating vibratory motion with
the SSE.). See: Staff Appeal Brief, p. 29.
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Dr. Newmark described the design process once the values for free field

ground motion are established. (Tr. 539-555). It is expected that on some

occasions free-field values will exceed the structural design parameters,

but the design response spectra account for this.— (Tr. 539-555).28/

In actuality the Governor's entire argument offers one very narrow and

badly conceived view of a particular aspect of the seismic design process,

namely the selection of an anchor point g value for the spectral shape to be

, ~28 In this regard, both Governor Brown (Brown Brief, p. 23) and the Joint
Intervenors (Joint Intervenors Brief, pp. 26) obviously misunderstood
the record in this proceeding with respect to how the DCNPP design
review based on the Hosgri reanalysis was done. Both Governor Brown
and Joint Intervenors intimate that the Diablo Canyon design response
spectra was exceeded by the Pacoima Dam record as if both events
occurred after the Newmark response spectra was developed. For example,
Governor Brown states that, "accordingly, there now have been- two
occasions —Pacoima dam being the other —where the response spectrum for
a H 6.5 event at approximately the Diablo Canyon distance has equaled
the Newmar k spectrum which is designed to be a conservative representa-
tion of a magnitude 7.5 event on the Hosgri fault." (Brown Brief, p.
23.) (Note that the citation to Young, pp. 18, 21 does not support
this statement.) As a matter of fact, however, the DCNPP response
spectra was developed based on procedures similar to those in Regula-
tory Guide 1.60 and then the Pacoima Dam record was enveloped and the
DCNPP response spectra anchored at value of 0.75g. Dr. Newmark testi-
fied at'he ASLB hearings that, ". . . the Pacoima Dam record showed a
peak accleration of 1.20g, but a response spectrum based on my procedures,
very much the same as NRC Reg. Guide 1.60, drawn for an anchor (or SSE)
value of 0.75g, would envelop the Pacoima Dam record spectrum." (Newmark
Testimony, p. 3, fol. Tr. 8552 (ASLB Hearings); (See Tr. 539-555).)
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used in design. This one aspect of the seismic design process is no more

fully mandated by Appendix A, than are any of the other aspects of the

seismic design process such as methods of analyses, selection of physical

constants, and design techniques that must be synergized to design the

actual structures, systems and components whose .function must be assured

under seismic loading. Governor Brown has, inappropriately, we believe,

seized on the word "maximum" as it appears in several"contexts in Appendix A

to structure a rather simplistic argument based on the Bond's Corner record.

The Staff presented evidence, however, with respect to the concerns about

the excessive conservatism in seismic design. (Newmark, pp. 10, 14, see:

Tr. 709; Knight, at Tr. 714, see: Tr. 707-08, see, Knight, at Tr. 9849-9850

(ASLB Hearing Transcript).) We note that the Governor offered no witnesses

that were qualified to discuss the overall seismic design process while

extensive testimony was offered in these matters by Dr. Newmark for the

staff (following Tr. 534; Tr. 539-555) and Dr. Rlume (Tr. 46) for the

Applicant.

Suffice it to say here that the design of nuclear power plants are not

based on single free-field peak acceleration values. This point has been

previously argued before the Appeal Board. "NRC Staff Response to Inter-

venors'xceptions and Appeal of Seismic Partial Initial Decision," pp.

8-12, 21-24, 27-34. The Commission's regulations and the provision of
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seismic data by the U.S. Geological Survey for input into design of large

structures are consistent in stating that large structures are not designed

solely to the peak acceleration values. For example, compare Appendix A,

VI(a) which states that, "it usually will be appropriate that the response

spectra be smoothed design spectra developed from a series of response

spectra related to the vibratory ground motions caused by more than one

earthquake" with the USGS Circular 672 statement:

The initial step in the design process discussed herein
characterizes ground motion appropriate to the design earth-
quakes. This step is based solely on seismological data and
principles and does not incorporate factors dependent on
soil-structure interactions, deformational processes within
structures, or the importance of the structures to be designed.
It involves scientific data and interpretation, whereas the
subsequent steps involve engineering, economic, and social
judgments relating to the nature and value of the structures."
'(U.S.G.S. Circular 672, p. 2; (Joint Intervenors Exh. 45
(ASLB Hearings, Tr. 8680))).

In conclusion, the new data from the IV-79 earthquake clearly show that

statistical results for motions recorded at distances greater than ten

(10) km should not be extrapolated linearly to directly determine the peak

accelerations likely to develop in the near-field. There is a clear indica-

tion of a saturation effect for both distance and magnitude (also referred

to as magnitude independence) of peak ground motion in the near-field of

large earthquakes with values very near the fault being no greater than

those at a distance of about six (6) or seven (7) km from the fault (Blume,

pp. I-5 through I-7; Edwards, pp. VII-1, VII-2; Seed, pp. I-l, I-2; Rothman,
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p. 9, Tr. 1272; 1270-74 (Trifunac).)— Furthermore, the Imperial Valley29/

data provides evidence that the general form of the attenuation curve shown

in Seed's Figure I-2 should also apply for the attenuation curve for any

type of local conditions (soil or rock) (Seed, p. I-3).

B. The Newmark Response Spectra for Diablo Canyon Bounds the IV-79
Res onse S ectrum

Appeal Board guestion No. 2 states:

2. Response spectra have been developed from the near-field
(1 to 11 km) ground motion records produced by IV-79. The records
contain horizontal peak acceleration values in the range of 0.8lg
to about 0.2g. The applicant calculated a mean peak acceleration
of 0.36g for IV-79 at the 5.8 km site-to-fault distance that
characterizes the Diablo Canyon site (Applicant's Brief). Despite
the fact that the IV-79 peak acceleration values are generally
lower than the 1.15g peak acceleration or 0.75g zero-period
acceleration used as the design basis for the Diablo Canyon plant
(resulting from a postulated 7.5M event on the Hosgri fault),
there are instances (although only those from the El Centro
Arrays are significant) for which the IV-79 horizontal responses
exceed the Newmark Design Response Spectrum for Diablo Canyon.
(See staff brief at 9; Brune affidavit, Attachments A and B.) In
view of this, the parties should discuss whether the Newmark
Spectrum is an appropriate and sufficiently conservative respre-
sentation of the 7.5M event at Hosgri.~35

+35 In other words, if the various IV-79 near-field response
spectra were used to generate a smoothed, average response
spectrum for zero-period acceleration appropriate to that
event (in accordance with techniques explained in Blume's

~29 Dr. Smith testified that a definition of distances on the closest point
of rupture —the closest point of energy release is the most significant
and most appropriate one--is necessary to an understanding of how ground
motion varies close to the fault. (Tr. 62.) Dr. Smith draws this
conclusion on three grounds: (1) statistical, (2) physical models of
rupturing faults, (3) and on predicted capability in the near field.
(Tr. 62; see Tr. 54-62). Dr. Trifunac's correlations, on the other
hand, are based on epicentral distance. (Testimony of Dr. Hihailo
Trifunac, following Tr. 1138, p. I. 1; Figs. I.2 (p. I.6), I.3 (p. I.7)
I.4 (p. I.8).)
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testimony fol. Tr. 6099 at page 6 and pages 39 and 40), and
if this spectrum were scaled to a 0.75g zero-period acceler-
ation, would the resulting response spectrum be bounded by
the Newmark Spectrum for Diablo Canyon?~30

~Summa r:
The Newmark response spectrum bounds a smoothed, average. response

spectrum scaled to 0.75g zero-period acceleration appropriate to the IV-79

event, and the Newmark design response spectra is an appropriate and suffi-

ciently conservative representation of the DCNPP design response spectra for

7.5 event on the Hosgri.

Discussion:

The Diablo Canyon design spectrum in the frequency range of interest

for design for the most part bounds the resulting response spectrum of IV-79

when various IV-79 near-field response spectra are used to'enerate a smoothed,

average response spectrum and then scaled to a 0.75g zero-period acceleration.

(Testimony of Pao-Tsin Kuo ("Kuo"), p. 5, following Tr. 538; Testimony of

Nathan H. Newmark, pp. 13-14, }9 following Tr. 534; Blume II-2; Blume

Figure II-3; Tr . 189; Tr. 1415; Applicant Exhibit 20.) The IV-79 spectrum,

which is a 'fr ee field spectrum, falls below the Newmark Diablo Canyon

Spectrum except for a few exceedances which are not important to the design

in the frequency range of interest (i.e., lower than 0.5 seconds, or above

2HZ for DCNPP) even though the Newmark spectrum is a design spectrum adjusted

for use in sei,smic design. (Testimony of Nathan t1. Newmark ("Newmark"),

~30 ALAB-598, supra, p. 888.
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pp. 13-14, 19 following Tr. 534, Tr. 539-555; Testimony of Pao-Tsin Kuo

("Kou"), following Tr. 538, pp. 5-6.) A relatively small number of points

which exceed the Newmark spectrum are obtained from the collective IV-79

data. These points occur only over very short ranges of frequency, which

are different for different stations. The design spectrum for Diablo Canyon,

however, are intended to be a mean plus one standard deviation, and are not

statistical upper bounds. Thus, over small ranges of frequency some points

should be expected to exceed the response spectrum and such points have no

important significance to the safety of the plant. The mean plus one'standard

deviation value is the standard that has been used and is adequately conservat-

ive when proper account is taken of all parameters involved in earthquake

resistant design. (Hewmark, pp. 13-14, 19). In addition, an envelope of

upper bounds of all horizontal response spectra for 5X damping generated

from the IV-79 motions recorded within 11 kilometers of the Imperial Valley

fault was plotted. When this is compared to the Newmark horizontal design

spectrum for 5% damping used for the Diablo Canyon seismic reanalysis, in

the range of interest (i.e., lower than 0.5 seconds; above 2HZ), the Hewmark

design spectrum is for the most part above the upper bound envelope for the

IV-79 data. The differences are minor and statistically insignificant where

the Hewmark design spectrum falls below the upper bound envelope. (Kuo,

p. 6). Thus, should a smoothed, average response spectrum be generated from

the IV-79 data for a mean zero-period acceleration scaled to 0.75g, it would

be bounded by the Hewmark design spectrum for the range of interest above a

frequency of 2Hz or below a period of 0.5 seconds (Kuo, pp. 5-6.). In fact,

this was done by Blume (Figure II-2) and Luco Fig. 2-1, pp. 2-5.)
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Two other interrelated points need to be made. First, in developing

design response spectra from free field spectra, inherent conservatisms are

involved. These conservatisms allow the design response to be lowered over

that of the free field. (Hewmark, pp. 9-10, Tr. 539-555.)

On the other hand, the second and interrelated point is that over-

designing by developing response spectra based upon statistical upperbounding

or enveloping-type of response spectra, although not necessary for safety of

design in nuclear power plants, could in fact be the cause of failure in

large nuclear power plants from such sources as thermal stresses, and brittle

fractures arising from lack of ductility in highly overdesigned sections.

(Newmark, pp. 9-10). Moreover, as Dr. Newmark points out, the design response

ultimately used for DCHPP, consistent with sound engineering practice for

the development of design response spectra in general,'was developed by

application of engineering techniques and judgment factors to the free-field

spectra. (Tr. 539-555.)

Dr. Young, testifying on behalf of Governor Brown, stated that based on

his Figure 7 (Young, p. 21) that an appropriate anchor point for his response

spectrum would be 1e4g (Tr. 1007-08). However, Dr. Young could not name any

other structure in the world where the design response spectra was anchored

at 1.40—i or higher (Tr. 1009); and he testified that the highest anchor

point he knew of was the 0.75g anchor point acceleration for Diablo Canyon.

(Tr. 1010).

31/ Dr. Young also testified that a mean-plus-one-standard deviation would
be 1.77g for a mean peak acceleration of 1g that he would except to
see at Diablo Canyon. (Tr. 1026.)
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There is another reason why Dr. Young's testimony on the appropriate

point for the zero-period acceleration to be applied to Diablo Canyon must

be significantly discounted in comparing the significance of the IV-79

free-field response spectrum to the Diablo Canyon design response spectrum.

He testified that he would expect to see a mean peak horizontal ground

acceleration of 1.0g at the DCNPP. (Tr. 1026.) He further testified that

his opinions had not changed significantly within the last 4-5 years.

However, it developed that Dr. Young was the primary author of a report

dated December 1977 concerning the evaluation of the seismic design criteria

and concepts for the Point Conception LNG (Liquified Natural Gas) Import

Terminal environmental impact report. (Applicant's Exh. R-9; Tr. 1074.)

For a postulated earthquake of magnitude 7.0 to 7.6— from a fault that32/

runs within three miles offshore of the LNG site, the LNG report on which

Dr. Young is listed as the primary author, states that the peak ground

acceleration for the safe-shutdown earthquake for the LNG facility should be

set between 0.5g and 0.6g. That LNG study also stated that "...additional

study by the applicant [there] may justify lower values" (App. Ex. R-9,

p. x; Tr. 1026, 1030, 1034-48, 1069, 1070-1078; App. Ex. R-9, pp. 38, 39;

Tr. 1070.) The Dr. Young LNG report also stated that the LNG plant should

be designed to the same level of conservatism as that required for nuclear

power plants. (App. Ex. R-9, pp. vi, vii).

~32 Dr. Young could not specify, however, whether the, magnitude of 7.0 to
7.6 in the Dr. Young LNG report was ti or ML. (Tr. 1066-67; see: Tr.
1050-51.)
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The differences in peak ground acceleration projected by Or. Young for

the LNG plant and nuclear plants and the seismic design response spectrum

values Dr. Young recommends for DCNPP cannot be reconciled with the other

data in the record, nor with his own recommendations in this regard. ( Ibid.,

1007-08; 1026, Applicant Exh. 9, p. x.)

Governor Brown's argument that the mean-plus-one-sigma value exceeds

Dr. Newmark's spectra anchored at .75g is likewise erroneous since Dr. Young

scales up the 0.75g value by some unknown factor. Dr. Young's scaling

technique is based on an apparent assumption that the 0.75g value was a331

mean value. (cf. Young, pp. 15-16, Fig. 7; see Tr. 561.) As we have said

it is equivalent to a mean-plus-one-standard deviation value. (Tr. 542-A-549,

550-51, 552-55.) In fact, Dr. Young's curves were shown by Dr. Blume to be

below Dr. Newmark's spectrum. (Tr. 1053-54.)

Governor Brown's argument (at page 29 of, the Brown Brief) that the

mean-plus-one-sigma value for IV-79 exceeds Dr. Hewmark's design response

spectra is also erroneous because Dr. Young scales up from the 0.75g zero-

point acceleration value by some unstated factor. Furthermore, Governor

Brown's argument is without a valid basis in the reocrd because Dr. Young's

testimony on this point was struck from the record. (See Young testimony

~33 Dr. Young, in his analysis uses an equation that is not recommended for
use as a design prediction equation. (Tr. 560, Report by Dr. H. S.

Tsao San 1011/125, entitled, "Correlation of Peak Earthquake Accelera-
tion in the Very ((ear Field" (Ibid.).) Governor Brown in his argument
relies in part on evidence that was struck from the record. (Brown Brief,
p. 6 citation to Tr. 613-14 in part was struck at Tr.'87-888, 894;
Brown Brief, p. 11 citation to Young, pp. 5-6, 13-15, parts were struck
at Tr. 1004.)
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pp. 22-25; which was stricken from the record, Tr. 607.) In the stricken

testimony Dr. Young sought to show that Or. Newmark's 0.75g anchor point

spectra was essentially a mean spectra rather than being equivalent to a

mean-plus-one-standard deviation spectra (Young, pp. 15-16, Fig. 7; see: Tr.

561, 749.) (Id.) In addition, Dr. Young's anchor points for the curves

drawn on Figure 7 (Young, p. 21) are not anchored to 0.75g as requested by

the Appeal Board's question. (Young, Figure 7, page 21.) Dr. Blume demon-

strated that Dr. Young's curves for mean and mean plus one (1) sigma (Brown

R-14 (Tr. 1112) and R-15 (Tr. 1112)) values for IV-79 are below Hewmark's

spectrum in the frequency range of interest. (Tr. 1353-54, see Tr. 189.)

In addition, Dr. Young arbitrarily biases his results by using uncorrected

data. (Tr. 982-82.)

Dr. Luco's assumption (at pp. 2-3 and 2-4 of his prefiled testimony)

that the 0.75g anchor point used by Dr. Newmark for his response spectra is

a mean value was refuted by both Or. Newmark (Newmark, p. 14; Tr. 553-54)

and Dr. Blume (Tr. 189.) In fact, both Dr. Blume and Dr. Luco plotted the

mean response spectrum for IV-79 (Blume, Figure II-3, Tr. 189-190, 191-192;
\

Tr. 185-187; Luco, Figure 2-1) and scaled to the 0.75g anchor point value,

as directed by the Appeal Board's guestion 2. (See: Tr. 1353-54.) This

procedure indicates that the mean spectrum for IV-79 scaled to 0.75g is

substantially lower than the Hewmark Diablo Canyon spectrum. (Blume, Tr.

189; 1353-54; 1244; Luco, Figure 2.1.) Thus, it follows that based on this

erroneous premise scaling up the 0.75g anchor points used by Hewmark as the

equivalent of a mean-plus-one-sigma design response spectra value by some

factor (such as 1.5 used by Dr. Luco; Luco Testimony, pp. 2-3, 2-4) will
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automatically exceed the 0.75g, zero period acceleration for Diablo Canyon.

Because of the erroneous basis used for scaling up the 0.75g value Governor

Brown's argument that the mean of IV-79 values exceed Dr. Newmark's response

spectra is simply wrong.— (Tr. 1353-54, 189.)34/

The testimony of Dr. Mihailo Trifunac is consistent with a finding that

the DCNPP response spectra with a 0.75g zero-period is appropriate and

sufficiently conservative if the finding based on IY-79 data is made that

for near field earthquakes ground motion does not increase linearly with

decreasing distance or saturates at higher magnitudes in the near field for

both magnitude and distance. (Trifunac, 1274; see: Tr. 1220-21.)

Dr. Trifunac stated that he was not in a position to comment on whether

the Newmark spectrum is sufficiently conservative but that it would be best
F

to consider 'an earthquake with M 6.5'nly, if a simplified deterministic,

one earthquake representation for the SSE at DCNPP is followed. (Trifunac,

pp. II.1 - II.2.) However, Dr. Trifunac testified that the Newmark spectrum,

with zero-period amplitudes converging to 0.75g, is an acceptable representation

of the M 6.5 event on the Hosgri Fault. (Testimony of Dr. Mihailo Trifunac

("Trifunac") (September 5, 1980), pp. II.1 - II.2, following Tr. 1138.)

Dr. Luco, also called as a witness by the Appeal Board, testified that

based on his Figure 2-1, representing various response spectra, that the

Newmark spectrum exceeds the average IV-79 spectrum normalized to an expected

34/ No one in this proceeding, other than Dr. Young, argues that there
would be a mean peak horizontal ground acceleration at Diablo Canyon
of 1g exceeding the Newmark spectra. (Young, p. 15, Tr. 1007-09,
1026; see, e.g. Luco, Figure 2-1.) Part of the basis for Dr. Young's
position that the mean of the IV-79 data exceeds the Newmark spectrum
anchored to 0.75g was struck from the record. (Tr. 1004; cf. 981, 983.)
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peak acceleration of 0.75g. The Newmark spectrum, —however, according to35/

Dr. Luco, falls below the corresponding mean-plus-one-standard-deviation

spectrum based on IV-79 data and a mean expected peak acceleration of 0.75g

(Testimony of Dr. Enrique Luco, ("Luco"), (Comments by J. Enrique Luco

(September 4, 1980), pp. 2-3 —2-4, following Tr . 1138).~36/

Or. Luco's assumptions on which his conclusions were based were shown

to be inappropriate, however. (Tr. 542A-551). His assumption 1 is that

0.75g is the appropriate value for the mean expected acceleration at a

distance of 5.8 km from the Hosgri Fault. This assumption was considered

itself inappropriate. (Tr. 408). Dr. Luco's assumption 2 was inappropriate

because he scaled the Blume average spectrum to 0.75g (Tr. 409). Luco's

assumption No. 3, that the standard deviation for structural amplitude

corresponds to the same factor as for peak acceleration, has not been shown

to be a valid assumption. (Tr. 409.) Rather structural amplitude varies

with the period; and with the type of soil: the values can range from as

low as 20 percent at very short periods to as high as 40 or 45 percent in
k

very long periods (Tr. 409). Dr. Luco's assumption 4 also was shown to be

inappropriate based in part on his inappropriate assumption 3 and, in

35/ Dr. Newman k's response spectrum is equivalent to a mean-plus-one-standard-
deviation spectrum. Newmark, pp. 9-10, 14.

36/ Dr. Luco agreed, however, that his mean-plus-one-standard-deviation
spectrum was not the resulting response spectrum from the IV-79 data
determined by scaling the zero period acceleration of the smoothed,
average response spectrum appropriate for that event to 0.75g, as
called for in the Appeal Board's guestion 2. i<hat Dr. Luco did was

normalize the mean response spectrum to 0.75g, which is below the
Newmark OCNPP spectrum, and then multiply his spectrum by 1.5, which
is above the Newmark spectrum. (Luco, pp. 2-3 - 2-4, Fig. 2-1.)
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part, on the use of an inappropriate scaling method in Figure 2-1, p. 2-5.

409-410.)

In summary, the design response spectrum developed for DCNPP in the

Hosgri analysis is conservative when compared to IV-79 data based on a.

smoothed, average response spectrum developed from IV-79 data and scaled to

a 0.75g zero-period acceleration (Blume, p. II-2; Newmark, pp. 9-10, 13-14,

19; Tr. 1353, 1355-1357; 1414, 1415; App. Exs. R-10, R-20; Kuo, p. 7).

C. IV-79 Data are Generally Relevant to the Diablo Canyon Site for
Purposes of Comparing Response Spectra in the Frequency Range of
Interest for Design of Nuclear Power Plants Although the Data t1ust
be Applied With Appropria)y Consideration Given to the Different
Geolo ical Confi urations

Appeal Board guestion No. 3 states:

3. He are told that IV-79 data are not relevant to the
Diablo Canyon seismic analysis because that plant is a "rock"
site, whereas the Imperial Valley data were obtained on soil

37/ This question arises out of the Staff's Affidavit (Rothman - Kuo Affi-
davit, Nay 5, 1980, p. 3) and Applicant's Affidavit, para. 8, filed in
response to Joint Intervenors motion to reopen. Hoivever, the Staff's
affidavit in support of its motion did not state that IV-79 data was

not relevant to DCNPP. What it said was that the geologic conditions at
the recording stations at IV-79 are significantly different from those
at the Diablo Canyon site, and that the geologic conditions at a site
can have a significant effect on the nature of strong motion at the
site. For example, this effect can occur through phenomena such as
amplification effects produced by soft unconsolidated materials. Thus,
the geologic conditions in the Imperial Valley Earthquake area would be

expected to affect strong motion data in a manner different from that
expected at the Diablo Canyon site. (Rothman - Kuo Affidavit, p. 3).
The point was also emphasized at pp. 5-6, 7 of the Rothman.- Kuo

,Affidavit that in comparing earthquakes (and difference earthquake
data records) it is necessary to consider the earthquake mechanisms
and to consider the geology of the areas. See also the discussion
that follows with respect to Appeal Board guestion 4 in which the Staff
argues that the geological structure and seismological phenomena in the
Imperial Valley for IV-79 had a significant impact on the recording
instruments for the vertical component of motions. (Infra, pp. 40-48).
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sites (Rothman - Kuo Affidavit at 3; Blume Affidavit, Para. 8).
What is the significance of this difference in view of the con-
clusion of the authors of USGS Circular 795 (based on an analysis
of data provided in that document) that, for comparable earthquake
magnitude and distance, there are no significant differences
between peak horizontal accelerations measured on soil or rock?
(USGS Circular 795 at pages 1, 17, and 26). This question should
be considered in light of statements by applicant's witness Blume
to the effect that acceleration, rather than velocity or displace-
ment, is the critical parameter in the design of Diablo Canyon
(Blume Affidavit, Para. 9; Testimony fol. Tr. 6099, at 33).38/

~Summar:

IV-79 data is relevant to DCNPP in a general sense in that it has

provided considerable additional near field information to the strong motion

data base. The statements in USGS Cir. 795 that there are no differences in

acceleration shown between rock and soil sites does not affect the Hosgri

reanalysis with respect to the DCNPP design.

Discussion:

The IV-79 data are relevant to the Diablo Canyon seismic analysis.~

(Luco, p. 3-6; Rothman, p. 12; Blume III-3). USGS Circular 795 reports that

for comparable earthquake magnitude and distance, there are no significant

difference between peak horizontal accelerations measured on rock or soil.

The evidence in this record shows that there is no disagreement with this

USGS Circular 795 statement for the frequency range of interest for design

~38 Dr. Brune did not present direct, prefiled testimony on Appeal Board
question No. 3. Nor did Dr. Young.

~39 This was stated in the NRC Staff's response to the Joint Intervenors
Motion to Reopen. "NRC Staff Response to Joint Intervenors'otion to
Reopen", (May 5, 1980), pp. 8, 14, p. 14, n. 11.
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at Diablo Canyon compared to IV-79 if the propagation path of the earthquake

motion is the same and other conditions are the same. (Rothman, p. 11.)

Evaluation of data gathered from the Imperial Valley Earthquake shows

that the data is not inconsistent with the criteria used to evaluate the

seismic design of DCNPP, nor is it inconsistent with the Licensing Board's

decision that DCNPP meets regulatory requirements for the"Safe Shutdown

Earthquake. This conclusion is not affected by the USGS Circular 795 state-

ment that for comparable earthquake magnitude (limited to 6.5) and distance:

In the distance range used in the regression analysis
(15-100km) the values of peak horizontal acceleration recorded
at soil sites in the San Fernando earthquake are not signifi-
cantly different from the values recorded at rock sites, but
values of peak horizontal velocity and displacement are signi-
ficantly greater at soil sites than at rock sites.

(Joint Intervenors R-l, p. 1)

Apparently, peak horizontal acceleration is nearly the
same, on the average, on rock and soil sites, whereas both peak
horizontal velocity and displacement are larger on soil sites.

(Joint Intervenors R-l, p. 17.)

However, the specific geologic conditions in the Imperial Valley are

significantly different from those at Diablo Canyon and, the high peak

accelerations recorded at some of the Imperial Valley stations for IV-79 are

directly attributable to the geology. (Rothman, p. 10.) For example,

Dr. Frazier pointed out that at IV-79 there was an "echo chamber effect"

occurring due to the particular geological setting and the way the IV-79

earthquake registered. (Tr. 256.)
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The Imperial Valley is a sediment filled basin in which approximately

5.5 kilometers of sedimentary rock are overlain by over 300 meters of uncon-

solidated alluvial soil. (Rothman, p. 10.) This basin has a very steep

velocity gradient with the P-wave velocity increasing from 1.8 km/sec near

the surface to 5.6 km/sec't a depth of approximately 5 kilometers. (Id.)

Anomalous vertical acceleration readings can be attributed to the geologic

setting of the area and to fault breakout from the basement into the sediments.

(Id.) There is a considerable range in the peak horizontal accelerations

recorded from IV-79, as shown in Figure 5 of the NRC Staff testimony (Rothman,

p. 10; Rothman, Fig. 5.) Some of these variations may be due to the differences

in geology between sites. For example, the Bonds Corner station has recorded

a higher horizontal peak acceleration than other Imperial Valley stations at

approximately the same distance for another earthquake. (Rothman, pp.

10-11.) Consistent differences exist in the amplitude of signals recorded

at El Centro Array Station 6 and Station 7. ( Ibid.) These two stations are

approximately two kilometers apart and on opposite sides of, the Imperial

Valley fault. (Id.) In a study of IV-79 aftershocks, the S waves near

Station 6 were delayed by about 0.5 seconds with respect to Station 7 and

the spectral amplitude in the range 2 to 5 Hz was increased by up to a

factor of 10. (Id.) A study of a 1977 swarm of earthquakes shows that the

peak accelerations at Station 6 were larger than at Station 7. (Rothman,

pp. 10-11.) Thus, the difference in overall geologic characteristics should

be emphasized rather than simply referring to rock and soil distinctions.

(Rothman, pp. 11-12.) The geology at Diablo Canyon is different than that

at Imperial Valley. (Id.) Some of the high accelerations from IV-79 may be
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due to specific source characteristics, recording site considerations, and

propagation path effects. (Id.) The distribution of peak accelerations in

the Imperial Valley from IV-79 was very complex. (Id.) The fact that IV-7R

occurred in a sedimentary basin with a particular geology, which is different

from the DCHPP site, is significant enough to caution that the data generated

by IV-79 must be used with care when applied to another area with different

underlying geologic characteristics (Rothman, pp. 11-12).

Applicant's evidence reflects the same premise, although presented in a

different context than the evidence presented by the Staff. Thus, the

Applicant cautioned that care must be used in comparing information from one

single earthquake that occurred at a site with different geological conditions

than those that exist at Diablo Canyon. (Blume, p. III-3.)

, The shape of the response spectrum for a soil site differs from that of

a rock site for a given magnitude earthquake, the degree of variation depending

on the frequency range considered. (Blume, pp. III-1, III-2, Trifunac

III.1.) In the high frequency portion of the spectrum, there is relatively

little difference in the spectrum shape between soil and rock sites. ( Id.)

In the medium and low frequency portions of the spectrum, the difference in

spectrum shapes between rock and soil sites is more significant. (Blume,

pp. III-1, III-2.) The high frequency portion of the response spectrum is

predominately influenced by the level of peak acceleration. (Blume, p.

III-1.)
USGS Circular 795 stated that, "In the distance range used in the

regression analysis (15-100 km) the values of peak horizontal acceleration

recorded at soil sites in the San Fernando earthquake are not significantly
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different from the values at rock sites..." This conclusion is supported by

the results of almost three thousand records from point-source, large under-

ground nuclear explosions in Nevada and elsewhere. (Amendment 50, D-LL118;

Blume, pp. III-1 - III-2.) At short distances from the source the average

accelerations on rock and on alluvium were found to be about the same (Amend-

ment 50, D-LL118) (Blume, pp. III-1 - III-2).

The medium and low frequency portions of the response spectrum are

primarily influenced by peak velocities and displacements, respectively.

(Blume, p. III-2.) It is recognized that velocity and displacement are

greater in soft alluvium than on rock for comparable earthquake magnitudes.

(Blume, p. III-2.) Thus, with regard to the Imperial Valley, it would be

expected that its deep, soft (low shear wave velocity) alluvium and high

water table would have a greater velocity and displacement for comparable

earthquake magnitudes than for a rock site such as Diablo Canyon. (Tr.

583.)

Thus, while the high frequency portion of the response spectrum (domi-

nated by peak accelerations) for a rock and a soil site for a given magnitude

earthquake will not differ significantly, there will be significant differ-

~ ences in the medium to low frequency portions of the spectrum (Blume, p. III-2).

In other words, in the high frequency range, such as for Diablo Canyon,

acceleration, and not velocity or displacement, is the critical parameter in

design. (Blume, p. III-3.) Thus, the response of rigid structures, such as

those at Diablo Canyon, are predominantly governed by acceleration, but

since displacement and velocity also influence the shape of the response

spectrum, it is inappropriate to use data from soil sites to derive response

spectra for rock sites (Blume, p. III-3).
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In conclusion, it can be generally stated that there are no significant

differences in peak horizontal acceleration values between rock sites and

d I I 11 I dd I . II

for a particular earthquake, such as IV-79, the particular peak acceleration

values must be used with caution in comparing them with that at DCHPP. The

IV-79 peak acceleration values were most likely affected by specific geologic

site conditions such as earthquake focal mechanism, seismic wave propagation

path characteristics, and recording site geology (Rothman, pp. 3-4, 10-12;

Luco, p. 3-6). One should also compare peak acceleration val'ues with peak

acceleration values; not with response spectra.

D. Use of a Two-Thirds Ratio Between Vertical Acceleration Values and
Horizontal Acceleration Values at all Frequencies Has Appropriate
for the Redesi n Anal sis of the Diablo Can on .Huclear Power Plant

Appeal Board guestion Ho. 4 states:

The magnitudes of vertical and horizontal acceleration
values measured at IV-79 are generally comparable. (Mean values
calculated at a distance of 5.8 km from the fault are virtually
identical.) The response spectra developed for vertical motion
within 11 km of the Imperial Fault during IV-79 appear to show
generally equivalent values of vertical and horizontal response
for periods less than about 0.2 seconds (i.e., frequencies in
excess of 5 cps). Finally, in some instances the higher frequency
portions of the IV-79 response spectra for vertical motion exceed
comparable portions of the Diablo Canyon Design Response Spectrum.

Observations made of the IV-79 data and response spectra
appear to be consistent with the criteria set forth in HRC Regu-
latory Guide 1.60. These require that vertical accelerations in
the higher frequency range be equal to horizontal accelerations.
As the guide states:

It should be noted that the vertical Design Response
Spectra are 2/3 those of the horizontal Design Response
Spectra for-Frequencies less than 0.25; for frequencies
higher than 3.5 they are the same, while the ratio
varies between 2/3 and 1 for frequencies between 0.25
and 3.5.
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The references to vertical motion made in the Diablo Canyon
record, however, indicate that a 2/3 ratio between vertical and
horizontal motion was apparently utilized at all frequencies.
The parties should address this apparent inconsistency and explain
it, if possible. Should there be substantive and relevant analyses
suggesting that vertical motion records do not reflect the true
vertical motion, these should be provided (Footnotes omitted).

~Summa r:
Response spectra for vertical motions can be taken as two-thirds of the

response spectra for horizontal motions over the entire frequency range for

sites in the western United States (Kuo, op. 8-9). This is consistent-with

references to vertical motion made in the Diablo Canyon record that a two-

thirds ratio between vertical and horizontal motion was used at all frequen-

cies (See SER Supplement 7, at 3-18; Knight Testimony, at 13, fol. Tr. 8697

(ASLB Hearings); Ghio Testimony, at 1, fol. Tr. 6993 (ASLB Hearings); Blume

Testimony, at 41, fol. Tr. 6099 (ASLB Hearings)). IV-79 data do not serve

as a basis for altering the conclusion that Newmark response spectra for

OCNPP are adequate. Furthermore, there is substantive and relevant analysis

suggesting that vertical motion records may not reflect true vertical motion

due to an overregistration or upthrow effect (Newmark, pp. 12-13; Kuo,

pp. 9-11).

Discussion:

Based on a statistical study by N. tI. Newmark Consulting Engineering

Services, entitled "Statistical Studies of Vertical and Horizontal Earth-

quake Spectra," NUREG-003 (January l976) license applications for plants in

the western United States may take the vertical design response spectrum as

two-thirds of the horizontal response spectrum over the entire range of
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frequenc'ies in the western United States (Kuo, pp. 9-10). The new data

generated by IV-79 do not serve as an adequate basis for altering the NRC

Staff conclusion with respect to the Hewmark vertical design response

spectrum for Diablo Canyon although the IV-79 data show in some instances

comparable vertical and horizontal acceleration values and resulted in three

vertical response spectra (Stations 6, 7, and El Centro Differential Array)

which exceeded the Hewmark vertical design spectrum. There are several

bases for this conclusion. For example, as discussed by Dr. Rothman's

response to Appeal Board guestion 3 (Rothman, pp. 10-12), there are geo-

logical differences between the Imperial Valley and the Diablo Canyon sites

(Kuo, p. 10; Frazier, Figure IV-2, Frazier IV-3; Tr. 255, 256, Frazier IV-4;

Tr. 256-258, 277, 287, 437-438). In general, the high vertical peak acceler-

ation may be due to the high seismic velocity gradient (Archuleta, 1980).

(Rothman, p. 10, see: Rothman, pp. 3-4.) There are uncertainties about the

representative characteristics of the certain seismological records, i.e.,

the El Centro Differential Array Station. There are also uncertainties due

to the difference between use of corrected and uncorrected data (Kuo,

pp. 10-11). Furthermore, the Newmark statistical study (NUREG-003) will not

likely be. significantly altered by inclusion of the IV-79 data since only

three data points exceed the Hewmark design spectrum (Kuo, p. 10).

There is also substantive and relevant analyses suggesting that vertical

motion records do not reflect the true vertical motion with regard to the

records of the observed vertical motions. (Newmark, pp. 12-13.) Newmark

(1973), and Bolt and Hansen (1977) demonstrated that an upthrow of objects

could physically occur during earthquakes even if the vertical ground motions
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did not attain the value of 1g. This implies that an overregistration by

recording instruments is entirely possible, especially if the instruments

rest directly on the earth without any anchors. Newmark points out that

this overregistration of vertical acceleration occurs only close to the

source or epicenter (or close to the fault break) where the frequency

content of the acceleration record is high (Newmark, pp. 12-13).

Neither the Applicants, Governor Brown, the Joint Intervenors, nor the

testimony of the Appeal Board witnesses on this record demonstrate that use
I

of a two-thirds vertical to horizontal ratio for the design vertical response

spectrum for DCNPP should be altered (Frazier, pp. IV-10; Young, pp. 28-29;

Luco, Figure 4-1, pp. 4-4).

Applicant's testimony is consistent with the Staff's caution that care

must be taken in applying IV-79 data to the analysis of the DCNPP design

(See Rothman, pp. 3-4). Applicant's testimony reflected a thorough analysis

of the fact that some vertical accelerations recorded for the IV-79 earth-

quake were unusually high in relation to recorded horizontal accelerations.

These data are presented in Frazier Table IV-1 for the strong motion stations

positioned as shown in Frazier Figure IV-1. At close distances, the peak

vertical accelerations were as high, on the average, as the peak horizontal

accelerations. A few of the stations recorded vertical peaks that were

substantially higher than the hor izontal peaks. Mhile vertical acceler-

ations that rival or exceed the peak horizontal accelerations are unusual,

they are not without precedent. (Frazier, IV-1.) However, the peak vertical

acceleration of 1. 74g (later corrected to 1.52g) recorded for Station 6 is

without precedent (Frazier, IV-1).
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The Applicant's witnesses offered a cogent explanation of the high

accelerations based on unique geologic structure in the Imperial Valley

area. (Frazier IV-4; Tr. 277.) In the Imperial Valley, the situation is

atypical. The deep sedimentary layering and the high velocity gradient

there causes unusually large P-wave amplitudes. (Frazier, IV-3; Tr. 255,

255.) Examination of the recordings for IV-79 indicate that the large

vertical accelerations resulted from high frequency P waves, not S waves.

(Ibid.) The unusually large P waves that appear in the vertical recordings

from IV-79 are due to the uncommon wave-propagation properties of the deep

sedimentary basin found in the Imperial Valley, illustrated in Frazier

Figure IV-2. (Id.) ltaterial velocities increase nearly linearly with depth

from low values within the 300 meters or so of surface alluvium to values

typical of bedrock at a depth of 6 kilometers. (Id.) The properties of

this deep sedimentary basin are markedly different from other regions of

California where rock is encountered within 1 or 2 km of the earth's surface

as illustrated in Frazier Figure IV-2 (Frazier IV-3; Tr. 255, 256). The

sedimentary basin at Imperial Valley acts somewhat like an echo chamber due

to the extreme bending of waves toward the earth's surface. For example, at

Imperial Valley only about 105 of the seismic energy (P and S waves) emanat-

ing from earthquake rupture at a depth of 3 km escapes into the underlying

bedrock (e.g. curve "D" on Frazier Figure IV-3). The remaining 905 emerges

at the earth's surface within an epicentral distance of 20 km. In a more

typical situation, such as at Diablo Canyon, the energy within 20 km is

about 60 percent. (Frazier, IV-4; Tr. 256, 257, 258, 277, 435, 437, 438.)
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Therefore, the unusual echo chamber effect at Imperial Valley which concen-

trates seismic energy would not be expected at Diablo Canyon (Frazier IV-4;

Tr. 256, 257, 258, 277, 435, 437, 438).

While the echo chamber effect at Imperial Valley would tend to increase

both P and S wave amplitudes, the unique velocity profile there (Frazier

Figure IV-2) preferentially amplifies P-wave amplitudes. ( Frazier, IV-4;

Tr. 257, 258, 287.) Due to the conservation of energy, the amplitude of a

seismic wave increases as it propagates into a medium of decreasing stiffness,

such as the alluvial soil in the Imperial Valley. ( Ibid.) Consequently,

the amplitudes of the emerging waves increase rather'ramatically as they

approach the earth's surface. ( Id.) However, high frequency S waves are

severely attentuated in the shallow sediments, thereby compensating for the

amplification of the sedimentary basin. ( Id.) P waves, on the other hand,

can travel more efficiently in the soft surface materials. In the shallow

sediments at Imperial Valley, S waves above 10 Hz can be attenuated by a

factor of ten within one kilometer, while P waves above 10 Hz are attenuated

only about 20% over the same distance ( Frazier IV-4; Tr. 257, 258, 287).

The large and uniform velocity gradient with depth in the Imperial

Valley preferentially amplifies the P waves and thus yields higher vertical

acceleration peaks than horizontal peaks. ( Frazier, IV-4.) This effect is

due to the unique earth structure at Imperial Valley. ( Id.) Since the

earth structure at Diablo Canyon is substantially different, such high

verticals are not expected. (Frazier IV-4; Tr. 277.)

The Applicant also addressed the high Station 6 readings. The large

vertical acceleration recorded at Station 6 (1.74g later corrected to 1.52g)
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during the 1979 Imperial Valley earthquake poses an enigma. (Frazier,

IV-6.) Even accounting for the effects of the unique earth structure at

Imperial Valley, Station 7, which is about 1 km SW of Station 6, recorded a

peak. vertical acceleration of .65g (corrected to .51g), and Station 5, which

is approximately 3 km flE of Station 6, recorded a peak vertical of .71g

(corrected to .44g). (Id.) It is clear from field observations that the

Imperial Fault passes between Station 6 and Station 7 and the Brawley Fault

passes between Station 6 and Station 5. It is important to note that the

motion of the wedge-shaped block, upon which Station 6 is located, is down-

ward relative to the adjacent blocks (Frazier IV-6).

Also significant is the fact that the S waves at Station 6 were delayed

by .5 seconds relative to Station 7. (Frazier, p. IV-7.) Station 6 is

underlain by material of lower velocity than is Station 7. (Id.) The lower

velocities may be due to the down-dropping of the wedge-shaped block between

the Imperial and Brawley Faults upon which Station 6 is located. ( Id.) This

would result in a greater accumulation of lower velocity sediments beneath

Station 6 that would extend deeper than beneath either Station 7 or 5. ( Id.)

While some of the peak vertical accelerations recorded at IV-79 were

unusually high, little damage occurred. ( Frazier, IV-10.) This can partially

be explained by two facts. First, the few large vertical pulses are isolated

and, while large in amplitude, they are relatively low in energy. (Id.)

Second, the P waves with the high peak vertical accelerations arrive well

before the onset of the S waves. This suggests that for the IV-79 earthquake

vertical peak accelerations are appropriately discounted due to phase differ-

ences in the individual components (Frazier IV-.10).
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A study of earthquake time histories reveals not only that the hori-

zontal peaks are usually well separated in the time domain, but that the

vertical peaks are separated from the horizontal peaks by even more time, up

to several seconds. (Blume, IV-5, Tr. 285, 286.) IV-79 was no exception.

( Id.) The Hosgri reanalysis, however, required that the peaks on all three

components be considered simultaneously, with responses combined on a square-

root-of-the-sum-of-the-squares process. ( Id.) In addition, the Hosgri

reanalysis required consideration of the maximum horizontal acceleration

occurring simultaneously on the two horizontal components while in actuality,

one horizontal component is always smaller the other, sometimes substantially.

( Id.) The conclusion is that the combining procedure for the three earth-

quake components, and the assumption of equal horizontal. components is a

conservative procedure (Blume IV-5; Tr. 285, 286).

Governor Brown argues with respect to the two-thirds vertical response

spectra standard that IV-79 near field vertical records compel revision of

the vertical design requirements at Diablo Canyon so that the vertical

response spectra at Diablo Canyon must be no less than the horizontal

response spectra. (Brown Brief, pp. 33-34.) Governor Brown there states

that "All other predictions have been based largely on far field data

extrapolated to the near field. Young at 29-29." (Brown Brief, p. 33.)

However, Dr. Young's testimony (cited by Governor Brown) does not support

that argument. Examination of the SAN/1011-125 report— shows that it40/

~40 SAN/1011-125 was not introduced into the record but was referenced by
Dr. Young. (Young, pp. 28, 42.)
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included several near field data (e.g. San Fernando, 1971 and El Centro,

1940). This near field data supports the two-thirds vertical to horizontal

ratio as a reasonable assumption.~

In summary, the vertical accelerations recorded during the 1979 Imperial

Valley earthquake are large due to the wave properties of the deep sedimentary

basin. (Frazier, IV-10.) Such large vertical accelerations are not likely

at Diablo Canyon. (Id.) In addition, the required simultaneous combination

of the three components of ground motion for Diablo Canyon conservatively

ignores the actual recorded large phase arrival time differences between the

vertical and horizontal components (Frazier IV-10).

E. The TAU Effect Was Not Evident in the IV-79 Earthquake Impact on the
Imperial County Services Building (ICSB) Because ICSB Was Poorly

'Desi ned For Seismic Resistance And Underwent Failure

Appeal Board guestion 5 states:

Peak horizontal acceleration values measured at the base of
the Imperial Valley Services Building during IV-79 exceed those
measured in the free field 103 meters away from the building.
The motion records are described as showing similar amplitudes
but greater low frequency motion in the building than in the
free field. No response spectra for the two recording locations
have been provided. The acceleration data, however, may be
taken to indicate that no reduction in building motion due to
the tau effect was realized in this instance.

Based on these observations, intervenors question the
validity of the tau concept as well as its use to reduce the
higher frequency portions of the Diablo Canyon Design Spectrum.
The staff and the applicant answer that, because the Imperial
County Services Building was supported on piles in a deep soil
structure, these observations are irrelevant to the use of a tau
effect in the seismic reanalysis of Diablo Canyon, which is
built on a rock site. Staff witness Newmark, however, used

+41 Ibid.
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recorded earthquake motions at the Hollywood Storage Building to
demonstrate the use of a tau effect analysis. The Hollywood
Storage Building itself is built on piles in the soil. Thus,
the "build-on-piles" rationale appears insufficient to explain
why no tau effect was evident at the Imperial Valley Services
Building.

One feature distinguishing the two buildings that no party
commented upon is that the Hollywood Storage Building has a

basement and the Services Building does not.
Intervenors'itness,

Dr. Luco, used this fact to explain in part why he
believes the Hollywood building should have a large tau value.
Rojahn and Ragsdale's discussion implies that to some extent
ground level instrumental responses within the Imperial Valley
Services Building may have been influenced by the response (and
failure) of the building itself.

In any event, given the apparent similarities between the
structural foundations of the two buildings, the explanations
provided thus far for a seeming lack of a tau effect at the
Imperial Valley Services Building are inadequate. The parties
should provide additional information on this point and relate
their analyses to both geologic and structural conditions pre-
vailing at the Diablo Canyon site (Footnotes omitted).

~Summar:

The Imperial County Service Building (ICSB) cannot be used to demon-

strate whether or not the Tau effect did modify the response at this building

during the IV-79 earthquake because it was inadequately designed and failed.

(Newmark, pp. 4-5, 8, 15; Kuo, p. 14.) From the standpoint of seismic

resistance capability, and response to earthquake motion the ICSB and the

Hollywood Storage Building are not similar structures even though both are

built on piles. ( Id.) The failure of the ICSB most likely affected the

ground level instrumental responses, as pointed out by the ASLAB, in the

Rojahn and Ragsdale discussion (Rojahn and Ragsdale, pp. 7-8). Use of a Tau

effect to reduce building response at DCNPP is justified based on the geo-

logic and structural conditions at Diablo Canyon (Tr. 696).
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Discussion:

The ICSB was improperly designed and the response of the building

failing in torsion and overturning increased as the earthquake vibration

continued. (Newmark, p. 16; Kuo, p. 14.) Thus, it is not appropriate to

consider the results of measurements made in the ICSB as indicative of the

effects of wave propagation on properly designed structures, because higher

response accelerations would be developed in the progressive failure of the

supporting elements in the first story of the building (Newmark, p. 16, Kuo,

p. 14), The damage to the ICSB was also due to the fact that the building

was inadequately designed. There was a large torsional effect because of

real eccentricity in the first story shear wall (Newmark, pp. 4-5, 8, 15;

Kuo, p. 14). The overturning moment was apparently neglected in the design

of ICSB, and provisions for concrete restraint at the joints were inadequate.

(Newmark, pp. 5, 8, 15; Kuo, p. 14). In the ICSB there were abrupt changes

in stiffness between the first story and higher levels in the building which

caused stress concentrations in the columns of the first story which exceeded

the capacity of these columns (Newmark, pp. 6, 8, 15). These three inadequa-

cies, in design of the ICSB, i.e., 1) the torsional effect, 2) the overturn-

ing moment, and 3) the abrupt changes in stiffness between the first story

and higher levels in the ICSB were of primary importance in contributing to

its failure (Newmark, pp. 4-7, 8, 14-16; Kuo, p. 14).

As pointed out by Or. Newmark, no Tau effect should be expected in

buildings that are supported on independent spread footings not well tied

together whether or not the footings bear directly on soil or on piles

(Newmark, p. 13).
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Consistent with his testimony before the ASLB below, in the ASLAB

reopened seismic hearings, Or. Newmark confirms the suitability of use of

the Tau effect at DCHPP to reduce the design response spectra for large

buildings (Newmark, pp. 7-8, 13, 16).

The Tau effect (also referred to by Hewmark as "the transit time para-

meter" (Hewmark ASLB Testimony, p. C-14, fol. Tr. 8552)) is defined by

Dr.Newmark as a real wave passage effect, or reduction in the high frequency

(above 2 hertz) parts of the response spectrum for large structures such as

nuclear power plants~ (Newmark, p. 13; Newmark Testimony (ASLB Hearing),42/

fol. Tr. 8552, p. 4 reference A, pp. C-10—C-13 (see: SER Supplement 5,

Appendix C, pp. C-10-C-13)). Dr. Hewmark explained that the transit time

parameter, Tau, probably is more closely associated with the averaging of

accelerations over the area of the structure than it is with an actual wave

transit time (Hewmark ASLB Test., p. C-14, fol. Tr. 8552). It is also

synonomously referred to by Dr. Newmark in his ASLB hearing testimony as the

variation in acceleration over an area. In addition to being the result of a

wave passage effect or transit time parameter over a large structure, it is

in part due to scattering of waves in inhomogeneous soil. The Tau effect

concept is a way of accounting for this phenomena in design in a systematic

way (Hewmark ASLB Test. reference B p. 11 et. seq., fol. Tr. 8552), although

Dr. Hewmark, himself, was careful to point out that the Tau effect is an

~42 Note that USGS Circular 795 observed small but statistically significant
differences in wave motion values for ground motion recorded at the base
of large structures and those recorded at the base of small structures
(USGS Circular 795, pp. 1.)
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estimating technique supported by empirical data as opposed to a precise

mathematical relationship. Rather, it is a way of accounting for reduced

response spectra of large structures observed by him and others throughout

the world. (Newmark, pp. 13, 18, 19; Newmark Testimony, pp. 2-3, 4 fol. Tr.
'552

(ASLB Hearing); Newmark Testimony, Ref. A, fol. Tr. 8552 (ASLB Hearings);

Newmark Testimony, Ref. B, pp. 1-3, 11 fol. Tr. 8552 (ASLB Hearings).) Part

of the reduction is due also to lack of coherence in time arrival of the

acceleration data over a moderately large area corresponding to the width of

the building. This reduction exists only at frequencies approximately in

excess of 2 hertz, and is a near field phenomena. (Newmark, p. 13.)

Dr. Newmark uses Tau conservatively by limiting the Tau-effect only to

very close earthquakes and by putting a floor on the reduction value of 20%

for the containment building and 33K for other structures. (Newmark ASLB

Testimony, p. 4, fol. Tr. 8552 (ASLB Hearing Transcript); Tr. 696; Newmark,

p. 13; Tr. 683-85, 709.)

The wave propagation effect, Tau, in reducing the high frequency portion

of a response spectrum, is affected by the design of the base of the building

rather than by whether a structure has piles or not. (Newmark, pp. 7-8,

16). Thus, for those structures founded on piles the wave propatation

effect, Tau, on the response at high frequencies would be evident depending

on whether the pile system underneath the building is adequately designed.

(Newmark, pp. 7-8, Kuo, p. 14). For example, although the Hollywood Storage

Building was founded on piles, the response of the building would not be

affected by the piles since the Hollywood Storage Building was properly

designed and was not subjected to a strong enough earthquake to cause damage
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to the building (Newmark, p. 16). Conversely, no Tau effect should be

expected in buildings that are supported on independent spread footings not

well tied together, such as the ICSB, whether or not the footings bear

directly on soil or directly on piles (tlewmark, pp. 7-'8, 13).

Dr. Young's testimony argues for the proposition that there was no Tau

effect exhibited by the Hollywood Storage Building records during the 1971

San Fernando earthquake, since the response at the Hollywood Storage Building

at periods less than 0.4 secs. (i.e., frequencies of 2.5 Hz and greater) was

b ~b«h h « . (Y .p.34.) .Y g

states that the Scanlon (l976) deriviation of Tau is based on surface waves.

(Ibid.) Similarly, Dr. Young stated that there was no Tau response at the

ICSB because the response motions at the higher frequencies were bod waves

with zero time of envelopment. (Young, at 34.)

The weight of the evidence however, suggests that due to incoherence

effects and due to large structure effects the horizontal component of

vertically propogating waves are sufficiently reduced to provide for the Tau

response reduction in a large structure such as at Diablo Canyon. This was

shown for the Hollywood Storage Building (t(ewmark pp. 17-18; cf. Blume, p.

V-11; Seed, p. V-6—V-7.)

Dr. Young's testimony with respect to the pile foundation at the ICSB

is not inconsistent with the evidence that the Tau effect was not seen at

the ICSB because of failure of the ICSB. (Young, p. 32.)

Dr. Young erroneously, we believe, stated that for DCHPP the Tau factor

correction should be used to increase the free-field response and not to
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decrease the response spectra for the containment structure, and turbine

building, etc., (Young, 38).

Dr. Young stated that the free-field spectra given in his Figure 7

(which was based on NUREG/CR-1175) should be increased for large structures

such as DCNPP. (Young, p. 38.) Dr. Young's argument that for design

response spectra the anchor-point should be 1.77 g based on a 1.4 g mean

acceleration is so ultra conservative as to be unheard of. Indeed, Dr. Young

agreed that the highest design acceleration value used in design of large

structures in the world that he knew of was the 0.75g anchor-point value

recommended by Dr. Newmark for DCNPP. (Tr. 1009-1010.) It should be pointed

out that NUREG/CR 1175, used by Dr. Young, used data that has not been

updated since 1971 (Tr. 1029), that equations/correlations in that report

are based on epicentral or hypocentral distance, (Young, 12) and that the

curves recommended for use in design by Dr. Young is based 'it appears on a

correlation using one earthquake (Young, p. 20; Tr. 1018.)

Clearly, Dr. Young's rather conservative design value of 1.77g is not

warranted by the weight of the evidence in this case.

Unlike Dr. Young, Dr. Luco —argues that the high frequency components43/

of the response recorded in the basement of the Hollywood Storge Huilding

during several earthquakes are significantly lower than those recorded on

the free-field. (Luco, p. 5-11.) Dr. Luco suggests that the Tau factor

~43 Dr. Trifunac would not use the Tau effect at all in design calcula-
tions until uncertainties surrounding the use of the Tau effect are
resolved. (Trifunac, p. V.5.)
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reduction cannot be explained on the basis of simplistic comparisons.~44/

(Luco, p. 5-13.)

Apparently, Dr. Luco and Dr. Newmark are not in disagreement that a Tau

reduction effect exists. Dr. Luco thinks, however, that it requires precise

determinates before it is used. (Luco, pp. 5-3, 5-13; cf. Luco, p. 5-19.)

Governor Brown cites Dr. Luco's testimony for the proposition that at

Diablo Canyon it is unrealistic to expect any significant wave averaging

effects from the Tau effect. However, Dr. Newmark has maintained, and

specifically pointed out, that the Tau effect is an approximation of an

engineering equivalent factor to account for the wave averaging effect of

large structures. It was developed based upon judgment and experiences in

observation and design of large structures throughout the world. Since it
is an engineering equivalent factor based on observation, experience, and

judgment it cannot be mathematically defined although it can be approximated

by the formula t = D/C. (Tr. 683-709; Newmark Testimony, pp. 13, 18; Newmark

Testimony, p. 4, fol. Tr. 8552 (ASLB Hearings); Newmark Testimony, Reference

A, pp. C-14 - C-16, fol. Tr. 8552 (ASLB Hearings); Newmark Testimony, Refer-

ence B, pp. 1, 12, 17, fol. Tr. 8552 (ASLB Hearings.))

Thus, Dr. Luco's testimony, cited by Governor Brown (Brown Brief, pp.

37-38) is really inapposite to consideration of the Appeal Board's questions

in the reopened seismic record to consider the effects of the IV-79 Earthquake

~44 Dr. Luco is also of the opinion that Tau is a separate concept from
the entire soil-structure interaction phenomenon. Luco, p. 5-13.
The Staff agrees with this statement. Newmark p. 13; Kuo, p. 16.
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on the DCNPP design where the only structure (i.e. the ICSB) that may have

given additional evidence of the Tau effect failed.

Governor Brown also argues that "the El Centro array cannot appropri-

ately be used for a wave incoherence Tau reduction because it is only a

single set of records." (Brown Brief, p. 41.) This is a rather specious

argument given the fact that Governor Brown's entire argument that the

Newmark spectrum is not conservative is bottomed on the premise that the

Bond's Corner station recording is the proper record to use. The Bond's

Corner station is one station recording of one data set (the IV-79 Earth-

quake) located in an area that has no proximity to either the DCNPP site or

the Hosgri Fault. Application of design response spectra to DCNPP based on-

such tenets that Governor Brown argues apply to the design response spectra

at DCNPP clearly contravenes 10 CFR Part 100, Appendix A. For example,

Appendix A states that, "In view of the limited data available on vibratory

ground motion of strong earthquakes, it usually will be appropriate that the

response spectra [for the SSE] be smoothed design spectra developed from a

series of response spectra related to the vibratory motions caused by more

than one earthquake." Appendix A, VI(a)(l).

Dr. Newmark, on the other hand, recognizes the existence of this observed

phenomenon which he labels the Tau effect. In fact, he developed the theory

to represent observations. However, based on his vast experience and judgment

with seismic design of large structures throughout the world, Dr. Newmark

applies the Tau reduction as an approximation to his design response spectra.

He uses Tau as an engineering design factor limited to a maximum reduction

value depending on the circumstances and limited to very close-in earthquakes,
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V

and he argues that this is good engineering practice. (Newmark Tr. p. 4;

Reference A, pp. C-14 —C-15, Reference 8, p. 12, fol. Tr. 8552 (Licensing

Board Hearings), Newmark, pp. 10, 19.)

Dr. Luco, in his testimony, does not necessarily disagree with the

Staff witnesses with respect to the analysis of the effect of the IV-79 on

the ICSB. Dr. Luco said that it will take considerable research work before

the response of the ICSB, including an explanation of the pile structure

interaction and an explanation of the observations of amplification over a

wide frequency range. (Luco, p. 5-19.) The Staff similarly stated tFiat the

ICSB could not be used to test theories because of the complexities intro-

duced by the fact that the ICSB underwent failure. (Newmark, pp. 14-16;

Kuo, pp. 13-14.)

In summary, based on an assessment of the IV-79 data as it affects the

ICSB, the records at the ICSB for the IV-79 earthquake can neither validate

nor invalidate the use of the "Tau" effect as an engineering equivalent

factor at this time. But the absence of a record showing the Tau effect at

ICSB does not detract from properly taking account of the Tau effect for the

design of structures such as those at the DCNPP. (Newmark, p. 19, Kuo, 14,

Blume, p. V-ll; Seed, pp. Y-6—V-7.) Based on the consideration of earth-

quake damage and lack of damage in various earthquakes, there is a factor of

safety of at least 3 (and this factor of safety may greatly exceed that

value) for nuclear reactors based on currect design procedures (Newmark,

p. 19). Thus, the design criteria given are conservative and require no

change in light of the Imperial Valley data (Newmark, p. 19).
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F. Soil-Structure Interaction Considerations Do Hot Apply To The Design
Of The Diablo Canyon Facility Since All major Structures For Diablo
Can on Are Founded On Rock

Appeal Board question 6 states:

"Throughout the Licensing board hearings, parties stressed
the role of soil-structure interactions as a mechanism that would
reduce the magnitude of structure motion relative to ground
motion (e.g., Tr. 8878; 8947-46). Staff and applicant's argu-
ments (in response to intervenors'uggestion of the apparent
lack of tau effect during IV-79) point to soil structure inter-
actions as the reason for building motion exceeding that of the
ground (Blume Affidavit, Para. 10; Rothman Kuo Affidavit, at 7).
(a) Describe and explain the circumstances in which soil-structure
interactions produce enhanced or reduced structural response.
(b) Discuss the relevance and applicability for such interactions
to the seismic response assumed for Diablo Canyon.

~Summar:—.45/

Soil structure interactions may serve to reduce the response of structures

founded on soil. Soil structure interaction effects were not considered as

a reduction factor in the Hosgri design reanalysis for the seismic response

at Diablo Canyon. (Kuo, pp. 13-14; Tr. 696.) A fixed base analysis was

used. This adds to the conservatism of the DCNPP design response spectrum

since in a fixed base analysis no credit is taken for the reducing effects

of soil structure interaction (Kuo, pp. 13-14; Tr. 696).

The apparently enhanced structural response of the ICSB as indicated by

peak horizontal acceleration values measured at the base of the ICSB during

IV-79, which exceeded those measured in the .free field 103 meters away from

the building, was largely due to the fact that the ICSB was undergoing

45/ See, ~eneral1, Hlume Affidavit, para. 10 (April 24, 1980); Rothman - Kuo

7FFidavit, p. 7 (t1ar 5, 1980) (Preliminary analysis of the ICSB data
indicated that the piles underneath the ICSB may have had an effect on

the response recorded in the building.)
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failure. (Newmark, pp. 4-7, 7-8, 14-16; Kuo, pp. 13-14.) Thus, the ICSB

can neither be used as an example of the Tau effect, nor, for that matter,

soil-structure interaction effects~ (Newmark, pp. 4-7, 7-8, 14-16; Kuo,~461

pp. 13-14).

Discussion:

The apparent lack of Tau effect in the ICSB appears to have been the

result of a dynamic response recorded at the ICSB in which a combination of

a number of factors masked any Tau effect that might have occurred (Kuo,

p. 15).— In short, the structural response recorded during the IY-7947/

earthquake at the Imperial County Services Building is very complex in

nature due to its design and structural failure during the earthquake.

(Newmark, pp. 14-16; Kuo, pp. 13-15.) The dynamic response of the building

could have been influenced by a number of factors such as "Tau", torsion,

yielding and cracking of structural members, stress concentrations, the

overturning moment, failure of columns, and soil-pile-structure interaction.

~46 The essence of the Appeal Board's points raised in the Appeal Board's
Question 6 were addressed in our response to the Appeal Board's Question 5

above. Those points will not be repeated in full here.

~47 The statement of the Staff in the Rothman-Kuo Affidavit of May 5, 1980,
that "the motions recorded at the Imperial County Service Building, it
appears, are the amplified responses from the earthquake motions through
the piles" was a preliminary conclusion (Kuo, pp. 13-15). Further analysis
showed that the effect of the piles might not be the major contributing
factor since the ICSB failed. ( Ibid.) The effect of the piles at the
ICSB with respect to soil structure interaction are not relevant to the
Hosgri analysis because piles are not used at the DCNPP (the structures
are embedded in rock), and a fixed-base analysis was used at DCNPP. A

fixed-base analysis conservatively assumes soil-structure interaction
effects are nil (i.e. a soil structure interaction analysis was not done
at DCNPP.) (Kuo, p. 16.)
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(Id.) The fact that no Tau effect was evidenced at ICSB can be attributed

to the masking influence of any one or a combination of these factors.

(Id.) For example, Dr. Newmark attributes the lack of ability to identify

the Tau effect to the influence of torsion, yielding, and failure of columns

(Hewmark, pp. 14-16; Kuo, p. 13).

Initially, the Staff attributed the apparent lack of evidence for Tau

effect in the ICSB to the influence of the piles. (Rothman-Kuo Affidavit,

p. 7 (May 5, 1977).) Further examination indicated that the dynamic response

recorded at the ICSB was a combination of the influences from all these

factors (Kuo, p. 13). Comparison were made of the response spectra for 5%

damping, generated from the motion recorded at the ground floor of the ICSB

and in the free field based on response spectra taken from a preliminary

data report by California Division of Nines and Geology. In the north-south

direction, the response spectra at the ground level is above the free field

spectrum for periods lower than about 1.3 seconds, while in the eastwest

direction, the response spectrum at the ground floor oscillates about the

free field response spectrum. (Kuo, p. 13.) The comparisons demonstrate

the complex nature of the response characteristics of the ICSB while it was

undergoing failure (Kuo, p.l3).

The evidence in the reopened seismic Appeal Board hearings explain the

circumstances in which soil structure interactions produce enhanced or

reduced structural response. In all cases, the effects of either the Tau

effect or soil structure interaction reduce the response at the base of the

structure and never increase the response above the free field indicated
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values except in instances of progressive failure due to inadequate design

(Newmark, p: 18). Dr. Luco, however, presents calculations that theoreti-

cally show that soil-structure interaction could enhance the structural

response in certain instances.

Clearly, the effect of soil-structure interaction is a very complex

phenomenon. There are many different modeling techniques being used to

analyze such phenomena. A great deal of engineering =judgement is involved

in each of these techniques also. For structures founded on soft soil, and

particularly for those structures with basements in soft soil, the effect of

soil-structure interaction reduces the structural response at the foundation

level. (Kuo, p. 16.) On the other hand the response at high elevations in

a structure may be enhanced due to the fact that the relatively soft soil

allows the structure to rock on its foundation (Kuo, p. 16).

The relevance and applicability of soil-structure interactions to the

seismic response assumed for Diablo Canyon were thoroughly considered at the

reopened hearings.

The application of such soil-structure interaction effects does not

apply to the seismic response assumed for the design of the DCNPP since all

major structures are founded on the rock site. (Kuo, pp. 15-16.) A rock

site is generally recognized as having little or no soil structure inter-

action effect (Kuo, p. 16). No credit was taken for soil-structure inter-

action effects at Diablo Canyon since the analysis at DCNPP was based on a

"fixed base" analysis which allows no credit for soil-interaction effects

(Id.; Blume, pp. VI-1 - VI-2; Seed, VI-4', cf. Seed, p. VI-5). Attempts to
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estimate soil structure interaction effects at DCNPP showed that such a

soil-structure interaction for DCNPP, a rock site, was less conservative

than the fixed base analysis, i.e. would lead to fur ther reductions in the

design response spectra for DCNPP. (Seed, p. VI-4.)

In response to Appeal Board guestion 6, both Or. Young (Young, pp.

39-41) and Dr. Trifunac (Trifunac, pp. VI. 1, VI.5 - VI.6) gave general

comments with respect to soil structure interaction and circumstances in

which soil-structure interactions produce enhanced or reduced structural

response. (Young, pp. 39-41.) With respect to the relevance and applica-

bility for such interactions to the seismic response assumed for Diablo

Canyon, Dr. Young stated that he would not expect significant soil/structure

interaction effects at Diablo Canyon, that is, he would not expect the

free-field response spectra to be greatly modified by the structure. (Young,

p. 41.) With respect to soil-structure interaction under its standard

meaning (excluding the building effects, i.e., the Tau transient time factor

reduction effect) Or. Young's statements and Dr. Luco's testimony are not

inconsistent with the Staff's position. The Staff's position is that use of

soil-structure interaction techniques (which, incidently, involve a consider-

able amount of engineering judment (Kuo, p. 16)) are not suitable for use

to determine the seismic response assumed for design at Diablo Canyon since

all major structures are on rock foundation. A rock site is generally

recognized as having little or no soil-structure interaction effect. (Kuo,

p. 26; Newmark pp. 17-18.)

From pp. 46-51 of his brief, Governor Brown argues that the Diablo

Canyon response spectra cannot be reduced for soil-structure interaction
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effects. This discussion is basically off the point of the Appeal Board's

guestions Number 5 and 6 which sought discussion of soil-structure inter-

action effects as they may have occurred at IV-79 with respect to the ICSB.

There is in fact no reduction in design response spectra values at DCNPP for

soil-structure interaction effects presented by PG&E or reviewed by the NRC

Staff in reviewing the OCNPP design response spectra. (Seed, p. VI-4; Kuo,

p. 16.) Thus, the large amount of testimony in this record presented by the

Applicant with respect to reduction of design for soil structure interaction,

which Governor Brown, attacks vigorously in his brief, is a hypothetical

exercise in so far as it relates to the review of the response spectra at

OCNPP. (Kuo, p. 16; Blume, pp. VI-1 - VI-2; e.q. see: Tr. 8878 (ASLB

Hearings): "They are not going to significantly reduce the motion at

foundation level as compared with the free field".

Dr. Luco's testimony was, similar in nature to that of Dr. Young and

Dr. Trifunac with respect to soil structure interaction effects at a rock

site. (Luco, p. 3-1.) Or. Luco, however, provided additional analysis from

which he concluded that in certain cases soil structure interaction increases

certain components of motion while reducing others due to the effects of

rocking of the foundation, and due to a torsional response of the structure

from nonvertically incident waves if the structure is not symmetric. (Luco,

pp. 6-8, 6-10.)

Based on some simplified calculations using the assumption that the

Newmark response spectrum is flat for frequencies in the range from 2 to 10

Hz, and the fact that the system damping is slightly lower than that for the
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structure (i.e. the containment), Or. Luco stated that he would expect the

internal forces in the containment building to be slightly higher when soil

structure interaction is considered. (Luco, pp. 6-10, 6-11.) For other

cases, where the relative stiffness of the structure is significantly higher

than that of the soil, or when material damping in the soil is higher than

that on the structure, the soil structure interaction ratio would be less

than one. According to Dr. Luco, this would lead to internal forces lower

than those calculated on the basis of a rigid soil assumption. (Luco,

p. 6-11). Dr. Luco's point, which is that general claims about the con-

servatism of not including soil structure interactions in design response

analysis are not warranted, is not inconsistent with the Diablo Canyon

analysis. Analysis of the relative stiffness of Diablo Canyon structures

and the stiffness of the underlying rock, soil, clearly show that it is

conservative to use a rigid base analysis. (Seed, p. YI-4.) At Diablo

Canyon for the circumstances described by Or. Luco, a soil-structure inter-

action analysis would lead to design response spectra based on the use of

lower forces on the structure in the calculations than that calculated using

a rigid base analysis assumption. (Seed, p. YI-4, Tr. 1401-02; see, Kuo,

pp. 15-16; Hewmark, pp. 17-18; Tr. 539-555.)

In summary, although there are circumstances in which soil-structure

interactions at large structures, in theory, could result in enhanced struc-

tural response to ground motions, such circumstances do not exist at the

DCHPP which is a large structure slightly embedded in rock.
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G. Analysis Of The IV-79 Earthquake Does Not Show That Seismic Focusing In
The Event Of An Earthquake Along The Wosgri Fault Will Ampgfy Seismic
Notion At Diablo Can on Above The Desi n Res onse S ectru~

Appeal Board gues tion 7. states:

"Intervenors (Blume Affidavit, at 5) and the applicant
(Frazier Affidavit, Para. 3) have suggested that the strong
motion data obtained from stations along the direction of the
Imperial Fault evidence the "focusing" of earthquake motion.
Yet, when the acceleration data of two such stations, El Centro
Array Numbers 6 and 7, are plotted as a function of distance from
the fault (e.g., Blume Affidavit, Figures 1 and 2), the horizontal
acceleration values fall well below the regression line mean for
the 1 km distance. The vertical acceleration values are also
lower than the mean on such a plot.

To the extent possible, the parties should analyze the
seismic records for the IV-79 earthquake as they pertain to the
focusing phenomenon and relate the results of such analyses to
the likelihood that, in the event of an earthquake anywhere along
the Hosgri Fault, focusing might result in amplified seismic
motion at Diablo Canyon.

~Summa r:
There is no evidence of the focusing phenomenon to any significant

degree in the IV-79 data record for peak horizontal acceleration. (Rothman,

pp. 13-14; Tr. 626; Brune, p. 10.) Dr. Brune testified that there is no

evidence of significant focusing at IV-79. Therefore, the IV-79 earthquake

data record cannot be-applied to Diablo Canyon to determine whether focusing

might result in amplified seismic motion at Diablo Canyon from an earthquake

anywhere along the Hosgri Fault. The focusing phenomenon, however, is

incorporated in the design for the DCNPP (Rothman, p. 14).

~48 Governor Brown's witness, Dr. Young, did not present direct, prefiled
written testimony on Appeal Board guestion 7. Nor did Dr.Luco and
Trifunac, who were called as Appeal Board witnesses. Dr. Brune appeared
as a witness on Appeal Board guestion 7 on behalf of both Governor Brown
and the Joint Intervenors.
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Discussion:

Focusing is a signal amplitude effect resulting from rupture propa-

gation.~ The focusing effect results from constructive interference of

signals whose velocity is close to that of the rupture propagation velocity.

The strong motion recording data base which is used by the seismological

community to establish the distance-acceleration, acceleration-magnitude,

and other strong seismic motion relations undoubtedly contains values which

are the result of focusing. (Rothman, p. 13.)

Although both Dr. Brune appearing as a witness for Governor Brown and

the Joint Intervenors and Dr. Frazier appearing as a witness on behalf of

the Applicant agreed that the IV-79 records show no strong evidence of

focusing (Tr. 626; Frazier VII-4), Dr. Brune thought this might be caused by

the earthquake having been a series of multiple events rather than a con-

tinuous rupture (Tr. 627). However, the rough equivalence of the transverse

and longitudinal peak ground acceleration (PGA) values within a few kilo-

s meters of the Imperial Fault is not inconsistent with some focusing effect

given that focusing accompanies all earthquakes to a greater or lesser

degree (Rothman, p. 13). Such focusing, however, if it occurred, did not

~49 In addition, there are other similar technical descriptions of the
focusing phenomenon. Hypotheses which account for changes in the
character of the radiation pattern of a point dislocation strikeslip
source due to rupture propagation usually result in the conclusion that
of the three components of motion associated with the source, the trans-
verse component is generally considered the one most strongly affected
by rupture propogation, followed in importance by the radial and longi-
tudinal components, respectively. These intensifications of amplitude
of motion in the direction of propagation may be loosely termed "rupture
focusing" (Edwards VII-1; Frazier VII-1 through VII-3; Tr. 448).
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result in abnormally high PGA values. It seems most significant that any

focusing which might exist does not appear to alter the broader tendency

toward saturation of PGA values in the near-field. Applicant witness,

Robert Edwards, testified that the rupture focusing phenomenon is not rele-

vant to the Diablo Canyon site in light of the fact that the portion of the

Hosgri fault trace which may be "lined-up" with the Diablo Canyon site is so

far from the site (nearest approach is about 27 km) that any amplification

by high frequency focusing would be eliminated through material damping of

the high frequency radiation (Edwards VII-3, VII-4; See also, Frazier VII-12;

Tr. 294, 295, 453).

The Pacoima Dam record of the San Fernando Earthquake which played a

key role in the development of the DCNPP design spectra by Dr. Newmark (see

Newark Testimony fol. Tr. 8552 (ASLB Hearings)) displayed large ground

motions. Governor Brown's dismissal of Dr. Rothman's testimony (Brown

Brief, p. 10) as lacking evidentiary weight is clearly in error. This

dismissal is based upon the assertion that "He (Dr . Rothman) has relied

fundamentally on the erroneous assumption that the Pacoima Dam record from

the 1971 San Fernando earthquake includes focusing effects associated with

the 1. 15g peak acceleration of that event." (Brown Brief, p. 10.) The

facts do not support rejection of Dr. Rothman's statement (which was a

generalization in any event) as Governor Brown argues. (Brown Brief, p.

63.) On the contrary, what Dr. Rothman said was,

"The Pacoima Dam record of the San Fernando Earthquake which
played a key roll in the development of the DCNPP design
spectra displayed large ground motions. These values were,
in part, caused by the focusing phenomenon (Heaton and
Helmberger 1979)."
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(Rothman, p. 13.) Or. Rothman does not mention the 1.15g. An examination

of the referenced source (Heaton and Helmberger, 1979) shows the authors

relyed upon focusing to explain the large velocity pulse, not the acceler-

ation. There is no assertion on Or. Rothman's part or that of Heaton and

Helmberger (1979) that the peak acceleration was caused by focusing. On the

contrary there have been studies in the literature which associate this peak

(at Pacoima Dam) with the peculiar topography of the site. (Ref. USG 795.)

The Staff examined the peak accelerations and their relationship to the

focusing phenomenon to the extent possible from available data and studies

performed. The rupture of the IV-79 is thought to have initiated at the

instrumental epicenter and to have propagated to the northwest. The peak

horizontal acceleration recorded at each station is also noted in Figure 5

of Or. Rothman's testimony ( Ibid). There is no obvious indication of focus-

ing in this data. (Rothman, pp. 13-15.) The fault propagating to the

northwest should have caused larger signals in the U.S. than in Mexico if
there were a focusing effect present. (Id.) However, the data from the

Mexican stations (squares) fall within the general scatter of the data and

there is no obvious indication of focusing affecting the peak horizontal

accelerations (Rothman, pp. 13-14, Figure 1). If focusing did occur in the

earthquake IV-79 the evidence is hidden within the considerable complexity

of this data set. (Id.) Thus, there is no probative evidence of the

focusing phenomenon in the IV-79 record.

The station 6 and 7 peak accelerations from IV-79 fall below the regres-

sion lines in the Blume Affidavit of April 22, 1980, Figures 1 and 2, submitted

in response to Joint Intervenors motion to reopen the record of March 28,
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1980. If focusing were occurring, the accelerations at stations 6 and 7

would be expected to be much higher than those predicted by the regression

lines. {Rothman, pp. 13-15.) However, the fact that the peak accelerations

for stations 6 and 7 fall below a linear extrapolation of the regression

lines cannot be used to address the focusing question. ( Id.) Rather, this

demonstrates the inappropriateness of linearly extrapolating the regression

curve to a distance of 1 kilometer from the fault (Rothman, p. 15). In

addition, if the simple predictions based on Brune's testimony concerning

focusing are taken literally, then it must be concluded that any rupture

propagating on the fault from the epicenter toward stations 6 and 7 would

result in focusing being observed at those stations. (Edwards, VII-2;

Frazier, VII-4; Tr. 452.) However, the records from stations 6 and 7 provide

no such evidence, according to the data presented in Edwards Figures VII-1

and VII;2 (Edwards VII-2; Frazier VII-4; Tr. 452).

The results of the analysis for focusing phenomenon in IV-79 cannot be

readily related to the likelihood that, in the event of an earthquake any-

where along the Hosgri Fault, focusing might result in amplified seismic

motion at Diablo Canyon, since. the IV-79 data did not give a clear indica-

tion of the focusing phenomena. {Tr. 626, Brune.)

The IV-79 data did not demonstrate the focusing phenomenon. The focusing

phenomena, however, is necessarily incorporated into the Hosgri reanalysis

for the OCNPP (Rothman, pp. 13, 14). This is because the spectral approach

used by the NRC (Regulatory Guide 1.60 and Or. Newmark's in development of

his design response spectrum for DCNPP) in the r eview of the PG&E Hosgri
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reanalysis is based upon data from a selected population of earthquakes. A

spectral approach inherently accounts for the focusing phenomenon. (Rothman,

p. 15).

Dr. Newmark's testimony at the ASLB thoroughly described his design

approach which consisted of a design response spectrum that enveloped the

Pacoima Dam record, which was .the largest near field record then available

(Newmark Testimony, p. 3; Reference A, pp. C-2--C-9; Reference B, pp. 5-6,

following Tr. 8552 (ASLB Hearing)). Thus, Dr. Newmark used the time history

records of the Pacoima Dam earthquake of February 9, 1971, which show a peak

instrumental acceleration of 1.2g to calculate a ground response spectrum.

Then, using an anchorpoint or effective acceleration of 0.75g and following

procedures very much the same as descr ibed in NRC Regulatory Guide 1.60,

"Design Response Spectra for Seismic Design of Nuclear Power Plants",

Dr. Newmark formulated design criteria for various damping values (Figure la

of Reference A, following Tr . 8552 (ASLB Hearing)). The design spectrum for

2 percent damping generally encloses, by a substantial margin on the whole,

the Pacoima Dam response spectrum. Dr. Newmark concludes (at p. 3 of Refer-

ence A, following Tr. 8552 (ASLB Hearing)) that:

This is the most direct indication that the effective peak
acceleration for the Pacoima Dam record is not in fact the measured
value of 1.2g, but actually does not exceed 0.75g. Therefore
this is taken as the effective peak acceleration for design.~50

~50 Pacific Gas and Electric Company (Diablo Canyon Nuclear Power Plant,
'nits 1 and 2), Partial Initial Decision, Operating Licensing Proceed-

ings, LBP-79-26, 10 NRC 453, 487 (1979).
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The prefiled testimony of Or. James Brune is inconclusive with respect

to the IY-79 data record.~ In his prepared direct testimony Dr. Brune
511

stated:

The effects of focusing have not yet been established for
the IV-79 earthquake. Further analysis will be required. Focus-
ing could have led to even higher accelerations than were observed
in the IV-79 earthquake. There is indirect evidence that for the
IV-40 earthquake, higher accelerations might have been generated
(to the southeast) than were recorded for IV-79 (Brune for Joint
Intervenors, p. 10).

The thrust of Dr. Brune's prefiled testimony was essentially the same

as that at the ASLB hearings. More study of the focusing phenomenon, prefer-

ably by the use of computer modeling techniques, is required (Brune, for

Governor Brown, p. 4).

The geology of the Diablo Canyon site indicates little likelihood of

any focusing to amplify seismic motion at Diablo Canyon. Joint Intervenors

attempted to prove that a splay off the Hosgri fault pointing at the DCNPP

could lead to a maximum focusing of energy at the Diablo Canyon site.

Tr. 648. Governor Brown attempts to support his focusing argument on a

"splay" shown coming off of the Hosgri Fault that is said to point directly

at DCNPP. (Brown Brief, pp. 55, 64, 66.) However, Governor Brown bases his

argument in part on J. I. Exh. 10, which is not in evidence. (Tr. 939, J.I.
Exh. 10 wi.thdrawn.) However, the official USGS map of the area (admitted in

evidence as J. I. Ex. 11) does not show the splay. The USGS witness testified

~51 "Prepared Direct Testimony of James N. Brune on Behalf of Governor Edmund
G. Brown, Jr. Regarding Appeal Board guestion 7" (August 8, 1980) following
Tr. 601; "Testimony of James N. Brune on Behalf of Joint Intervenors Regard-
ing guestions 1, 4 (Partial), and 7," (August 8, 1980, following, Tr. 601.
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that he doubted the splay existed (Tr. 940). Applicant witness Hamilton

testified that he did not believe that features such as the splay in question

have large amounts of movement on them and would not likely participate in

any significant way in a major earthquake along the -Hosgri (Tr. 322-324).

Dr. Frazier testified that any splays or strands on the Hosgri Fault would

not be independently capable of generating more than a magnitude 3 earthquake

(T1 . 314-317).

The Applicant presented extensive testimony on a computer model developed

and tested for simulating earthquake ground motion in order to provide

additional information on ground accelerations and the effects of focusing

at Diablo Canyon ( Frazier Testimony, Exhibit 1 (Terra Delta Study).—52/

According to Applicant, Or. Frazier's study showed, among other things,

(1) that the DCNPP is not positioned for significant focusing from rupture

along the Hosgri Fault, and, therefore, that unusually high levels of ground

acceleration would not result at the DCNPP site; (2) that peak acceleration

at DCNPP would be basically insensitive to increases in magnitude for magni-

tudes greater than about 6. 5, and (3) that the Hosgri reanalysis spectrum is

substantially conservative even when comparing free - field predictions with

actual reanalysis criteria (Frazier VII-5 through VII-13; Tr. 1374, 1375).

Dr. Brune was critical of the Frazier model study Dr . Brune stated that

the parameters chosen by Or. Frazier were either not conservative enough or

that he did not understand them (Tr. 631-33, 637, 647-649, 652, 653, 821, 823).

52/ The Staff believes that because of their newness computer simulation
techniques require careful review and should be considered only in
connection with other methodologies. The NRC Staff has not preformed
this review and therefor e offers no opinion as to the validity or lack
of validity associated with this study.
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In summary, IV-79 furthered the analysis of the so-called focusing

phenomenon since all agree that IV-79 did not show focusing to a significant

degree either because there was little focused energy or that because of the

complexity of this earthquake focusing'annot be distinguished from other

effects. Thus, the IV-79 earthquake does not provide data on the focusing

phenomenon that assists in answering questions with respect to focusing and

amplified seismic motion at Diablo Canyon.

H. The Response Of The El Centro Steam Power Station To The. IV-79
Event Confirms That Good Seismic Design Practice In Lang~ Power
Plants Results In Little Dana e From Severe Earth uake—

Appeal Board guestion 8 states:

"Ae have received preliminary reports of the effect of
IV-79 on the El Centro Steam Power Station. (Board Notification
December 17, 1979, Levin and Hartore Observations; Rothman - Kuo

Affidavit, at 12). In many respects, the structures and systems
of that facility resemble those of the Diablo Canyon plant..
Their response to a severe, well instrumented seismic event can
be analyzed to help confirm or refute analytical techniques and
assumptions used in the Diablo Canyon seismic analysis. The

parties should prepare and submit such an analysis.

~Summa r:
Study of the El Centro Steam plant, which is a large electric power

facility that has experienced strong ground motion, confirms that the

inherent seismic resistance of engineered structures, piping and equipment

such as that at Diablo Canyon is greater than is assumed in both past and

current analytical and design procedures. (Staff Exh. R-l, p. 40.)

~53 Neither the Joint Intervenors nor Governor Brown presented a direct,
case on Appeal Board guestion 8. Nor did Dr. Luco or Or. Trifunac,
called as Appeal Board witnesses, comment on the Appeal Board's
guestion 8 in their prefiled comments.





Discussion:

The El Centro Steam Plant is a 4-unit electric generating facility of

the Imperial Irrigation District, located approximately 5 km from the Imperial

fault. (Blume, VIII-1; Staff Exh. R-l.) Each Unit of the facility contains

three distinct structures: a steel frame and concrete turbine building,

containing mechanical and electrical equipment as well as piping systems; a

concrete pedestal supporting the turbine and located within, but structurally

separated from, the turbine building; and a boiler structure which is a

braced steel frame supporting a hanging boiler and structurally connected to

the turbine building. (Blume, VIII-1.) The structural elements of the

plant, their configurations in many respects, and the equipment are similar

to that at Diablo Canyon. (Staff Exh. R-1.)

The El Centro plant was designed for a seismic coefficient of 0.2 at

working stress plus a 2/3 increase for seismic loading. This corresponds to

a yield value of the response spectral acceleration of about 0.4g and,

therefore, to a ground acceleration design value for 5 percent damping of

approximately 0.14g. (Newmark, pp. 16-17; Tr. 710-713.) The actual ground

acceleration was of the order of 0.4 to 0.5g for measurements near the

building. Hence, the El Centro plant was subjected to a seismic environment

which corresponded to approximately a factor of 3 to 4 times design (Hewmark,

Tr. p. 710). Only slight damage was experienced indicating that significant

capability above design exists even considering the less rigorous analytical

and design methods used (Staff Exh. R-l, p. 8-17, p. 39-41). The seismic

evaluation techniques utilized for the El Centro plant as well as those

utilized in more sophisticated methodologies as employed for Diablo Canyon,
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tend to be conservative because certain energy dissipating mechanisms, which

are present even below the threshold of elastic response, are not quantita-

tively considered. tetany of these factors can be quantified in light of

current knowledge, while others are largely unquantified at this time.

However, the response of the El Centro plant demonstrated that they exist

(Staff Exh. R-l, p. 41).

Units 3 and 4 were operating at the time of the earthquake. Both units

tripped off line when station power was lost because of a short circuit

resulting from a broken insulator on a lightning rod in Unit 1. Unit 3 was

restored to service within 15 minutes after the main shock. Unit 4 was

restored to power within 2 hours. The two operating units safely shut down

with no known malfunctions of electrical control and instrumentation equip-

ment. There was minor damage to the plant, the most notable being leaks

which developed in small diameter piping at locations weakened by corrosion

(Staff Exh. R-l, p. I, pp. 9, 40).

A study conducted for the NRC Staff by the Lawrence Livermore National

Laboratory was designed to analytically estimate equipment response during

the earthquake which when compared to actual observations, will indicate

levels of reserve capacity above design. The study was different from more

traditional design evaluations relative to the more realistic modeling

assumptions employed. In contrast to modeling assumptions used in the

design of nuclear power plants such as Diablo Canyon where parameters are

chosen conservatively in a direction which tends to increase the seismic

loading, this study attempted to model the plant as realistically as

possible. For example, the structural damping and soil-radiation damping
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values incorporated in the study were higher than are typically used in the

design of nuclear power plants, thus leading to lower predicted seismic

loads to the structures, piping and equipment. (Staff Exh. R-1, pp. 2, 26.)

This procedure was determined to be conservative for the evaluation of lower

bound equipment reserve capacity. (Ibid.) The study confirmed, among other

things, the low level of damage observed at the plant (Staff Exh. R-l, pp.

8-17), and, therefore, demonstrates the inherent conservatism in the analytical

techniques used. The study concluded that the inherent seismic resistance

of engineered structures, piping, and equipment is greater than has been

assumed. i<hen even the most modest attention is paid in design to providinq

lateral load paths, significant capability is rendered. Because they are

subject to more rigorous design procedures, the report concluded that nuclear

power plants and their associated structures, equipment and piping contain

even higher inherent margins than other facilities (Staff Exh. R-l, pp.

39-41, Tr. 713, 721, 1340-42).

The Applicant's witness, Dr. John A. Blume, selected Unit 4 of the El

Centro Steam Plant for detailed study. Dr. Blume outlined the results of

his study, which was based upon analytical methods similar to those used in

the Diablo Canyon reanalysis. (Blume VIII-1 through VIII-10.) Using these

methods the results show that severe damage should have occurred at the El

Centro Steam Plant. In fact, however, only minor damage was observed.

( Ibid.) This demonstrates the inherent conservatism in the analytical

techniques used. (Blume VIII-1 through VIII-10.)

Studies by Westinghouse of the El Centro plants piping and supports

using the same analytical methods used for Diablo Canyon and other nuclear

power plants confirm the significant conservatism inherent in the methods
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and assumptions used in the evaluation of piping and supports at Diablo

Canyon (Gangloff, pp. VIII-1 through VIII-9).

With respect to Appeal Board guestion 8 on the use of the El Centro

steam plant response as a "seismological instrument" to confirm analytical

techniques applied at Diablo Canyon, Or. Newmark aptly stated:

"The issue is primarily that we can learn about earthquakes
from buildings that survive as much as we can from instru-
ments that measure earthquake motions and that this is not a
negligible factor in our experience. And this is one of the
points that leads me to believe that what we have done with
the El Centro (sic) )Diablo Canyon] design or strengthening
is such that we can be assured that even should a major
overload occur because of an earthquake considerably larger
than that which we have provided for, the structure would
not be in a situation that would cause any hazard at all"
(Tr. 713, 714).

The proposed findings of fact and conclusions of law of Governor Edmund

G. Brown, 0r. cannot be supported by scientific evidence. Contrary to the

statement made at p. 73 of the Brown Brief that the El Centro Steam Plant is

"significantly different from Diablo'anyon, making direct comparisons

speculative at best", important lessons can be learned through the study of

large industrial facilities that have experienced strong ground motion.

Although the El Centro plant is not geometrically identical to Diablo Canyon,

many of the structural elements, support configurations, pi'ping details and

equipment are similar (Staff Exh. R-1). Knowledge of the evolution of

design procedures coupled with actual observations allows engineers to infer

factors above design and in essence verify that past and present design

methodologies yield conservative designs (Staff Exh. R-1, p. 39, Blume VIII-1

through VIII-10). In summary, the El Centro plant is not a qualification

test for structures, piping and equipment at Diablo Canyon,.but a verifica-

tion of the conservatism of the design methodology. (Staff Exh. 1, p. 2.)
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Contrary to Governor Brown's statement on p. 74 (Brown Brief) that

"Steel structures have far greater ductility than reinforced concrete, as

demonstrated by comparing IV-79 experience of the steam plant with the

Imperial County Services Building", ductility is a measure of energy absorp-

tion in the inelastic range which is as much a function of structural detail-

ing as much as ma'terial properties, which is all that was implied by the

statement. (Cf: Staff Exh. 1, p. 19.) The Imperial County Services Building

performed unsatisfactorly because of, among other things, an abrupt change

in stiffness between the first story and higher levels of the building and

eccentricity leading to increased torsional effects, leading to stress„

concentrations in the columns of the first story which were not designed

with adequate spiral reinforcement (Newmark, pp. 6, 8 and 15). In summary,

an equally poor designed steel structure may experience unsatisfactory

performance as well. (Ibid.) Although plain unreinforced concrete as a,

material is relatively brittle, it is generally recognized that reinforced

concrete as employed at Diablo Canyon has performed well during earthquakes.

(Cf: Tr. 712-13.)

The Governor implies on p. 74 (Brown Brief) that because the piping

systems of the El Centro Steam Plant and Diablo Canyon differ in frequency

that conclusions regarding reserve capacity cannot be drawn; however, the

important conclusion is that the piping did withstand forces higher than

design and, therefore, the design procedure is conservative (Blume VIII-1

through VIII-10, Gangloff VIII-1 through VIII-9). Although the response of

piping is sensitive to its frequency, the analytical or design procedures

used for evaluation are generally valid for piping of all frequencies.
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(Ibid.) Thus, the Westinghouse study demonstrated the general applicability

and conservatism in the analytical or design procedures which could be shown

by testing them at the El Centro Steam Plant. (Id.)

The Governor implies based upon a statement taken out of context in NRC

Staff Exh. R-1 (Brown Brief at footnote 23 on p. 75) that the Steam plant is

similar to older operating nuclear plants and not to new plants such as

Diablo Canyon. This referenced statement was obviously not intended to

exclude new plants from the characterization. However, it is generally true

that older plants of the same vintage, both nuclear and non-nuclear, utilized

similar design methods. (Staff Exh. 1, p. xiii, Tr. 714-12.)

The Governor states on p. 77 (Brown Brief) that "the building suffered

no damage because it was not overstressed", based upon the apparent agreement

of the analysis presented in Staff Exh. R-1, p. 30. However, local concrete

cracking was observed by the NRC reconnaissance team that toured the plant

immediately after the earthquake. In addition, three diagonal steel bracing

members buckled due to excessive compression loads. In all instances overall

structural integrity was maintained. (Staff Exh. R-l, pp. 8-9).

Without the benefit of measurement of permanent deformation it is

difficult to quantify the degree of excursion into the inelastic range.

However, it has been verified that the plant was subjected to a ground

motion environment higher than design and over yield (Newmark, Tr. 710). As

previously discussed, other important energy dissipating factors help to

explain this observation (Staff Exh. R-l, p. 41). Furthermore, the analysis

documented in Staff Exh. R-1 was designed to establish conservative lower

bounds of response. Therefore, the true response including the base shear
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values are considered to be higher and thus near or slightly over yield.

(Cf: Staff Exh. R-l, pp. 2, 26.)

The Governor states on p. 78 (Brown Brief) that since the deflection of

steam plant pipinq analyzed by Westinghouse was physically limited, that the

computed stress would be lower and, therefore, the piping was not over-

stressed. Ho evidence to support this statement is offered. In order to

reach this conclusion an 'analysis considering the point of restraint and the

dynamic characteristics of the restraint must be conducted. Ho such analysis

was performed. tiore impor tantly the argument misses the whole point of the

Westinghouse analyses, that is, that analytical procedures similar to those

used at Diablo Canyon were used in the Westinghouse evaluation and these

procedures yielded extremely conservative results. Since stress levels

much higher than are acceptable by the AStlE Boiler and Pressure Vessel Code,

Section III were calculated, physical modifications would be made in a

nuclear application to reduce piping stress levels below those which were

computed even though this system survived the earthquake at loadings higher

than design without a loss of function (Gangloff, pp. VIII-I through VIII-9).

In summary, analysis of the El Centro Steam Power Station's response to

the well instrumented IV-79 Earthquake tends to confirm that the Diablo

Canyon seismic design criteria are adequate and conservative. (See, in this

regard, note 27, p. 77 of the Brown Brief which indicates that the El Centro

Steam Plant responded appropriate to stress levels well above design values.)
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I. Existing Evidence Favors Association Of The 4 November 1927 (H 7.3)
Lompoc Earthquake With The Offshore Lompoc Fault, Although The USGS

Does Not Exclude The Hosgri Fault As Being The Location For The 1927
Lom oc Earth uake

Appeal Board guestion 9 states:

"In addition to answering our questions about information
from the Imperial Valley earthquake, we would like the parties to
address Paragraph E on page 6 of the HcMullen affidavit (included
with the Staff Response to Joint Intervenors'otion to Reopen).
That paragraph states that, "in its geological and seismologic
review of the Point Conception LNG site, the USGS reported that
'Existing evidence favors association of the 4 Nov ., 1927 (M 7.3)
Lompoc earthquake with an east dipping reverse fault such as the
Offshore Lompoc or similar reverse fault 10 km to the south that
offsets the seafloor.'" Does this USGS statement reflect either
evidence not presented in the Diablo Canyon hearing or a change
in the USGS position based on evidence already in the record? In
any event, discuss that statement's implications for this case.

~Summar:

In somewhat of a change of position based on USGS studies that had not

been made at the time of the Diablo Canyon ASLB hearings, the USGS now

favors location of the 1927 Lompoc Earthquake on the Offshore Lompoc Fault

although other structures, including the Hosgri Fault, cannot be ruled out

(Tr. 932-933; 951, "Combined Testimony of James F. Devine and Robert F.

Yerkes," p. 2, following Tr. 926; Testimony of Richard B. McMullen, p. 5,

following Tr. 922; HcHullen Testimony, attached letter from USGS dated

July 29, 1980 to the Nuclear Regulatory Commission).J

~54 Neither Joint Intervenors nor Governor Brown presented a direct case
on this question. Nor did Dr. Luco and Trifunac provide comments on
this question.
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Discussion:

USGS witnesses testified that the fact that more recent studies,

described by Dr. Yerkes, suggest another candidate fault as a source of the

1927 earthquake in no way alters the conclusions that the Hosgri Fault could

be a source of the 1927, H 7.3 Lompoc Earthquake. (Devine and Yerkes,
s

p. 2.) One of the reports described by the USGS alluded to the statement

made on page 2 of the October 31, 1979, unpublished report that

"Existing evidence favors association of the 4 November 1927

(H 7.3) Lompoc Earthquake with an east-dipping reverse fault such
as the Offshore Lompoc or a similar reverse fault 10 Kilometers-
to the south that offsets the sea floor." (Devine and Yerkes,
p 2).

USGS witnesses confimed that this means that the USGS favors (and this

language was said to have been chosen very carefully, Tr. 933) location of

the 7.3 Lompoc on the Offshore Lompoc although location on.the Hosgri fault

cannot be excluded as the source (Tr. 933, 951). However, it was pointed

out that the evidence developed by Dr. Yerkes does not prove that the magni-

tude 7.3 (1927 Lompoc earthquake) occurred on the Lompoc Fault. (Tr. 951.)

The error in the location of the 1927 earthquake still very easily includes

the Hosgri (Tr. 951).

The USGS further believes that the probability that the 1927 Lompoc

Earthquake could have occurred on the Hosgri has been lowered (Tr. 934,

951). In other words, the uncertainty that remains as to the fault identity

sustains a bounding contingency that "does not exclude" (Tr. 933) the Hosgri.

The USGS has changed its view with respect to the length of the Lompoc

Fault. It is now compatible with the magnitude of the 1927 earthquake
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(Tr. 931). The USGS has also identified the existence of sea floor offset,

an effect that would also be attributable to the 1927 earthquake (Tr. 952).

lilith the possible exception of a 4.8 magnitude earthquake in Hay 1980, the

USGS witness stated that he knew "of no others that we can associate (with

the Hosgri fault) with any degree of certainty" (Tr. 937).

The significance of this to the seismic evaluation of the Diablo Canyon

site is to confirm the high degree of conservatism of the assumption of a

magnitude 7.5 earthquake capability for the Hosgr i fault. (Tr. 953.) The

USGS's conservative assumption in 1976 of an earthquake of t1 7.5 was most
s

likely influenced by its view at that time that the 1927 Lompoc Earthquake

of magnitude 7.3 had likely occurred on the Hosgri Fault.

CONCLUSION

Responses to the Appeal Board questions based on the occurrence of the

IV-79 earthquake in the reopened seismic hearings demonstrate that based on

the Hosgri reanalysis, the Diablo Canyon Nuclear Plant is 'reasonably designed

based on a design response spectrum tied to a 0.75g effective acceleration

for a postulated magnitude 7.5 earthquake on the Hosgri Fault. The postulated

7.5 earthquake used for the SSE value, however, was based on a USGS recommen-

d.-tion. The USGS recommendation, in turn, was based on its determination at

the time of the ASLB hearings that the 4 November 1927 Lompoc Earthquake of

7.3 may have occurred on the Hosgri Fault. The USGS now favors the Offshore

Lompoc Fault for the occurrence of the 1927 Lompoc Earthquake, although its

occurrence on the Hosgri cannot be ruled out.
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Accordingly, based on these considerations of IY-79 Earthquake the

Appeal Board should affirm the ASLB partial initial decision of September 27,

1979, which concluded: (1) the 0.75g acceleration assigned to the safe

shutdown earthquake (7.5) is an appropriately conservative value for the

maximum vibratory ground acceleration that would occur at the Diablo Canyon

site and thus is an appropriate anchorpoint (or maximum ground acceleration

as defined by NRC Regulatory Guide 1.60 for the design response spectra

(Partial Initial Decision, ~su ra, p. 490), (2) that a 7.5 magnitude earth-

quake is a very conservative value for the safe shutdown earthquake, (3) that

the requirement imposed by the Staff that a 7.5 magnitude earthquake be used

by the Applicant in its Hosgri seismic reanalysis is reasonable and meets

regulatory requirements, (Partial Initial Decision, ~su ra, p. 455), and that

(4) the Applicant has demonstrated through appropriate analysis and tests

that Category I structures, systems, and components will perform as required,

during the seismic load of its safe shutdown earthquake (Partial Initial

Decision, ~su ra, p. 507).

Respectfully submitted,

Edward G. Ketchen

llilliam J. Olmstead
Counsel for HRC Staff

Dated at Bethesda, tiaryland
this 6th day of January, 1981.




