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PROPOSED FINDINGS OF FACT AND CONCLUSIONS
'OF 'LAW 'SUBMITTED 'BY GOVERNOR EDMUND' ~ BROWN g JR

Introduction

In accordance with this Board's Orders, Governor Edmund G.

Brown, Jr. hereby submits Proposed Findings of Fact and Conclusions

of Law on the nine seismic issues'et forth in the Appendix to this

Appeal Board's Order of June 24, 1980 (ALAB-598).

PGGE must satisfy the Atomic Energy Act ("Act") and the NRC's

regulations thereunder in order to obtain a full-term Operating

License.'s demonstrated in these Findings and Conclusions, PGGE

has not met its burden, because the Diablo Canyon facility has not

been designed in accordance with the Act or the NRC regulations.

In particular, PGGE .has failed to design the facility to

withstand the maximum vibratory accelerations resulting from the

M 7.5 design basis earthquake. Rather, PGGE has developed response

spectra suitable for no more than a M 6.5 earthquake'. PGSE has then

taken the further unconservative step of reducing these spectra on

the basis of the so-called tau effect. Thus, the facility is designed

to withstand the vibratory accelerations of an earthquake even less

than M 6.5, rather than the M 7.5 earthquake required by the NRC's

regulations.
Moreover, the design spectra of the Diablo Canyon facility

do not take account of the effects of focusing of energy on the

expected ground motion at the site. The evidence of record introduced

by PGGE itself demonstrates that the design basis earthquake could
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produce accelerations that exceed the design spectra. Thus, from

the standpoints of both the engineered capabilities of the plant to

withstand the design basis earthquake and the ground accelerations

necessarily expected to occur'at the site, PGGE has failed to meet

the technical. criteria and .legal requirements for licensing the

Diablo Canyon facility.
The data presented in this proceeding on the Imperial Valley

earthquake of October 15, 1979 ("IV-79") 'dramatically underscore

the inadequacy of the Diablo Canyon facility. In light of the

record compiled before both the Licensing Board and this Board,

the Governor submits that the decision of this Board must be to

deny the Diablo Canyon Operating License.





I. A eal Board Questions 1 and 3: IV-79 Demonstrates that
the 0.75 Ground Acceleration Used at Diablo Can on is
Not Conservative

1. 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. The parties should compare the
horizontal peak acceleration values recorded for
various instrument positions with earlier predictions
and compilations of such motion, e.g., those contained
in the Final Safety Analysis Report (FSAR) on the
Diablo Canyon Nuclear Power Plant, Amendment 50,
Appendix D LL llB, 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 gound motion intensity in the
near field of earthquakes. (footnotes omitted).

3. We 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 sites. (Rothman--Kuo Affidavit, at
p. 3; Blume Affidavit, Para. 8.) What is the signi-
ficance of this difference in view of the conclusion
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 displacement, is the critical parameter in
the design of Diablo Canyon (Blume Affidavit, Para. 9;
Testimony fol. Tr. 6099, p. 33).

Questions 1 and 3 concern whether the 0. 75g horizontal

ground acceleration value predicted for Diablo Canyon should be

increased in light of IV-79 data. This 0.75g value has been
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described as the conservative mean plus one standard deviation
peak horizontal acceleration to be expected for a M 7.5 earth-
quake on the Hosgri fault at a distance of 5.8 km. Tr. 1409-11

(Seed); PG&E Ex. R-19. The correctness of this 0.75g value is
important because, inter alia, thi.s value is utilized as the
zero period acceleration for the free field Diablo Canyon

response spectrum.

The 0..75g value is not conservative. Indeed, IV-79

demonstrates that a conservative value for the peak horizontal
ground acceleration at Diablo Canyon would be in excess of
0.8g. The reasons are two-fold. First, IV-79 produced

extremely high horizontal accelerations, including 0.81g at Bonds

Corner, a value which exceeds the design basis acceleration for
the much larger M 7.5 design basis earthquake on the Hosgri

fault. That Bonds Corner acceleration, when properly
adjusted upward for magnitude and site conditions, represents
an appropriately conservative value to be used for the design
basis earthquake on the Hosgri fault. Second, even if the

Bonds Corner record is not used alone, but rather in conjunction
with other IV-79 data, the resulting mean and mean plus sigma

values for IV-79, when adjusted for postulated Diablo Canyon

conditions, yield accelerations substantially above 0.75g.

A. The Bonds Corner Record Demonstrates that 0.75 is-
Not Conservative for Diablo Can on

During IV-79, Bonds Corner recorded a peak horizontal ground

acceleration of 0.81g. Bonds Corner. is located. approxi-.





mately 3 km from the Imperial Valley fault and 6 km from the

IV-79 epicenter. Young at 4. These distances are strikingly
similar to the 5.8 km fault and epicentral distance for the

1/
design basis Hosgri event. These distances are also close

to the Pacoima Dam distance (fault distance 3 km), whose

record was utilized in arriving at the 0.75g Diablo Canyon value.

See Joint Int. Ex. R-l, at 26. Accordingly, the Bonds Corner

0.8lg acceleration represents an appropriate record for the

design basis earthquake, although it should be adjusted

upward for differing magnitude and site conditions.

PG&E witness Blume has suggested that the Bonds Corner

record should not be singled out but, rather, should be averaged

with other IV-79 xecords to derive mean and mean plus sigma

acceleration values for the entire IV-79 event. Blume at II-l,
II-2. NRC witness Rothman appears to share this view.

Rothman at 6. While even this averaging approach results in
acceleration values for Diablo Canyon in excess of 0.75g (see

Section I. B- infra), such averaging is an improper application
of NRC regulations.

l/ The 5.8 km distance from the Hosgri fault is not precise;
evidence at the reopened hearing indicates that the closest
trace of the Hosgri fault could be only 4 km from the
Diablo Canyon site. Tr. 957 (Hamilton). Thus, the Bonds
Corner distance may almost precisely match the Diablo Canyon
distance from the Hosgri fault.





(1) NRC Re ulations Re uire that the Bonds Corner Record
Be Used b This Board for Licensin Purposes

Under Part 100, Appendix A, PGGE must calculate the design

basis vibratory ground motion as follows:

The vibratory ground motion at the site should
be ... determined by assuming that the epicenter
or locations of highest intensity of the earth-
quakes are situated at the point on the tectonic
structures or tectonic provinces nearest to the
sita. 10 C.F.R. Part 100, App. A~(V a
(Emphasis supplied) .

Appendix A continues with the following statement:

The historic earthquakes of greatest magnitude
or intensity which have been correlated with tecto-
nic structures pursuant to the requirements of
paragraph (a) (6) of Section IV shall be 'determined.

. In addition, for capable faults, the information
required by paragraph (a)(8) of Section IV- shall
also be taken into account in determining the
earthquakes of greatest magnitude related to the
faults. The magnitude or intensity of earthquakes
based on geologic evidence may be larger than that
of the maximum earthquakes historically recorded.
The accelerations at the site shall be determined
assuming that the epicenters of the earthquakes of
greatest magnztu e or the locate.ons o highest
intensity related to the tectonic.c structures are
sz.tuate at the poz.nt on t e structures closest to
the sz,te .... Id. gV a 1 x Emp asks supplied).

The regulation directs that the foregoing analyses be

applied in a "conservative" manner. Id. 5V(a)(1)(iv). The





regulation also specifies that the motions determined pursuant to

Appendix A and for which the facility must be designed shall be

the "maximum vibratory accelerations" which may affect the

facility. Id. 55V(a) (1) (iv), VI(a) (Emphasis supplied).

The foregoing legal directives —"conservative" and "maxi-

mum" —are unambiguous. The Appendix A directives do not

instruct applicants to design for the mean or average, or even

the mean plus sigma, accelerations that might be experienced
2/

along the length of a fault. Rather, Appendix A requires

applicants to design for the "maximum vibratory accelerations"

that may affect a particular location. Hence, in review of the

IV-79 data, the Board should not use the mean or mean plus one
3/

standard deviation of all IV-79 data at 5.8 km from the fault,
hut rather shoulc determine the XV-79 location of hicihest recorded

intensity in the Diablo Canyon distance range. That, the Governor

submits, is the law.

Bonds Corner is clearly the appropriate IV-79 location for

application of Appendix A's requirements. First, Bonds Corner

falls squarely within the distance range relevant to Diablo Canyon.

Second, it has the maximum horizontal acceleration for IV-79,

suggesting that it is the record representing the maximum IV-79

2/ The mean plus sigma value does not represent the maximum
acceleration associated with an earthquake. Rather, there
always will be records falling outside the mean plus sigma
line on regression curves. Tr. 978-81 (Young).

3/ Witnesses computed the mean peak acceleration at 5.8 km for
IV-79 as falling between 0.34g and 0.44g. Luco at 1-7; 1-17.
The mean plus sigma value for IV-79 at 5.8 km is approxi-
mately 0.52g. PGGE Ex. R-19.





intensity. Young at 4. Indeed, the evidence .indicates that

Bonds Corner was situated close to the center of maximum energy

release. Tr. 613-14, 775-79, 839-44, 848-56 (Brune); 1383-84

(Smith); Joint Int. Ex. R-12. Finally, the Bonds Corner response
l

spectrum closely matches the Newmark spectrum for Diablo Canyon,

thus demonstrating that the 0.81g record does not represent an

isolated peak value but a sustained high acceleration record of

direct relevance to the Diablo Canyon licensing. Young at 21.

Accordingly, the Bonds Corner record squarely fits the regulatory

criteria as the location most pertinent for Diablo Canyon

licensing.
Board witness Dr. Luco addressed the matter of which IV-79

records might be analysed for Diablo Canyon licensing purposes.

To estimate the ground motion two alternatives are
possible. One is to attempt to predict the maximum peak
acceleration that could develop at that distance. The second
is to estimate the average peak acceleration over the length
of the fault at the assumed distance. .These two approaches
are different as indicated by the following example. Con-
sider a 50 km vertical fault and a line parallel to the
trace, of the fualt at a distance of 5 km. Assume that. over
ten kilometers of this line peak accelerations of lg are
recorded while over the remaining 40 km the recorded peak
accelerations are 0.5g. The average peak acceleration over
the line is 0.6g while the largest peak acceleration is l.g....

The estimates of the average of the peak acceleration
along a line at a distance of 5-.8 km of the IV-79 fault. as
calculated by Blume (affidavit) and Frazier (affidavit) are
0.36g and 0.34g, respectively. My own estimate as discussed
above is 0.44g. The prediction of Seed et al. (1976) seems
to be equal or slightly lower than the 5.8 km-average of
the IV-79 data; it appears then that the correlation of Seed
et al. provides an estimate of the second type discussed
above. The correlation of Trifunac, on the other hand,
is based on epicentral distance and should not be compared
with the average of the data along a line 5.8 km from the
fault. Since the local magnitude for the IV-79 event is
probably somewhat lower than 6.5, I find that the correla-
tion of Trifunac gives a fair estimate of the peak accelera-
tion recorded at Bonds Corner (0.81g) at an epicentral





distance of 6 km. At least on the basis of the IV-79
event, it appears that the estimate of Trifunac, at short
epicentral distances, provides an estimate of the first
type discussed, i.e. maximum acceleration at a given
distance.. Luco at 1-14 through 1-16.

Dr. Luco's observations are immensely relevant in the context.

of the NRC's regulatory requirements. PGGE witnesses and the NRC

Staff have emphasized the averacVe values of acceleration from

IV-79 and from regression analyses. E.g., Blume at, II-1; Tera

Report (Ex. 1 to PGGE testimony) at 4-4; Rothman 7-8. This has

the effect, however, of reducing the impact of the maximum

vibratory accelerations for which NRC regulations require PGGE

to design. Indeed, the use of average values introduces a

systematic bias in the predicted peak accelerations toward smaller

values. Trifunac at I.9-I.10. The Governor thus urges this
Board to apply Part 100, Appendix A according to its express terms:

to require that the Diablo Canyon plant be designed according to

analyses which provide an estimate of the maximum vibratory
accelerations which may affect the plant.

(2) The 0.81g Bonds Corner Record Should be Increased

Proper application of the NRC's regulations as suggested

above immediately makes the Bonds Corner record applicable to the

Diablo Canyon licensing. However, before the Bonds Corner record





can be utilized in the Diablo Canyon licensing, its accuracy

must be analyzed, and it must be adjusted for different magnitude

and site conditions. These matters are addressed below.

(a) There is No Basis to Question the Accurac of the
Bonds Corner Record

It has been suggested that the Bonds Corner record should not

be used alone because its high horizontal acceleration reflects
"to some extent ... an anomalous site condition." Rothman at 6.

However, Dr. Rothman presented no analyses or probative evidence

to substantiate any anomalous conditions. Rather, he noted only

that "[d]uring a subsequent earthquake, Calexio Valley earthquake

of June 8, 1980 (Magnitude 6.2), the Bonds Corner station recorded

a high peak horizontal acceleration of 0.14g [which] was approxi-

mately three times larger than any of the other stations in the

region, at approximately the same epicentral distance." Id.

Significantly, Dr. Rothman admitted that he had no data to indicate

that the conditions at Bonds Corner are anamolous with respect to

other Imperial Valley sites. Tr. 563-64 (Rothman) .

The evidence demonstrates that high recordings such as Bonds

Corner do in fact, occur. Dr. Brune testified that the M 6.2

Victoria Mexico earthquake of January 1980, in a tectonic environ-

ment similar to the Imperial Valley, had a 0.92g horizontal peak

acceleration. Tr. 663 (Brune). And, Dr. Luco testified that the

only near field data for earthquakes over M 7 (Gasli, M 7.0,





soft rock; and Tabas Ms 7.7, alluvium) had near field horizontal

accelerations of 0.85g and 0.8g, respectively. Luco at 1-5.

Clearly, there is no legitimate basis to disregard the 0.8lg
4/

record at. Bonds Corner.

(b) The Bonds Corner Record Must be Adjusted U ward for
Ma nitude Differences Between IV-79 and the Desi n
Baszs Earthquake on the Hos rz. Fault.

The IV-79 earthquake had a magnitude less than the M 7.5

design basis earthquake for the Hosgri Fault. Accordingly, the

Bonds Corner record should be adjusted to account, for the larger

peak accelerations associated with a M 7.5 event.

There was considerable testimony regarding the local magni-

tude value for IV-.79. Dr. Blume favored a local

magnitude of 6.6, based upon the recording by Cal Tech at .Pasadena.

Tr. 71, 75 (Blume). However, the Pasadena local magnitude value

represents only a limited azimuth sample from IV-79. It
is important to compare recordings from as many azimuths as possible

to get an accurate value. Dr. Brune, relying upon a recording from

south of the IV-79 epicenter, calculated a local magnitude of 6.3.

4/ The Bonds Corner record must additionally be considered in
light of evidence that the IV-79 accelerations may not
represent the maximum accelerations for that magnitude
earthquake on the Imperial Fault. Dr. Brune testified that
the 1940 Imperial Valley earthquake may have produced stronger
ground motion which was not recorded because that earthquake
ruptured away from the recording instruments.. Brune Joint
Int. at 5-'7. Thus, there is no reason to believe that Bonds
Corner represents an anomalous record for a M 6.5 event.
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Tr.. 618-19 (Brune) - Dr. Luco supports a local magnitude smaller

than 6.5 and Dr. Trifunac supports a 6.4 value. Luco at 1-17;

Tr. 1230 (Luco); Trifunac at II.1. Dr. Brune and Dr. Luco

referenced studies by Kanamori that calculated an IV-79 local

magnitude of 6.2., Tr. 618 (Brune); Luco at 1-3. Based on the

foregoing, the likely local magnitude for IV-79 is approximately

6.4. Certainly a M 6.6 value cannot be considered conservative.

There also was testimony regarding the surface magnitude

of IV-79. Dr. Luco stated that it falls between 6.5 and 6.9.

Luco at 1-2; Tr. 1230 (Luco). Dr. Blume testified that it is
between 6.4.and 6.9.'lume at 1-2; Tr. 70 (Blume). Dr. Brune

referenced a USGS calculation of the IV-79 surface magnitude as

6.9. Brune Joint Int. at 7. Based upon the foregoing testimony

regarding local and surface magnitude for IV-79, it is conservative

to conclude that IV-79 was approximately one 'magnitude point
smaller than the M 7.5 Diablo Canyon design basis earthquake.

The evidence presented at the hearing demonstrates that as

magnitude increases from approximately 6.5 to 7.5, there is a

substantial increase in peak horizontal acceleration. Thus, the

SAM-V equation of Dr. Blume predicts a 50 percent increase in

peak ground acceleration going from M 6.6 to M 7.6. Tr. 124,

365 (Blume). Similarly, Exhibit 1 to the PGaE testimony (hereafter

referred to as "Tera Report" ), predicts 28 to 97 percent increases

in peak ground acceleration going from M 6.5 to M 7.5, depending





upon the model which is used. Tera Report at 4-4. See also

Tr. 617, 857 (Brune) and Brune Joint Int. at 7-8 (probability
of higher peak accelerations increases as magnitude increases);

Young at 5-6, 13-15 (peak acceleration is magnitude dependent
5/

in the near field) .

5/ Dr. Newmark relies upon a recent Donovan study in concluding
that there is =-essentially magnitude independence in the
near field in going from M 6.5 to M 7.5. Newmark at 11-12
and Plate C-l. The details of the Donovan study were not

presented at the hearing. However, the Donovan figure
(Plate C-1) includes only three records from earthquakes
larger than M 6.5 and none of those three records are
less than 8 km from the fault. Id. Dr. Luco has noted
large near field accelerations (less than 10 km) for Gazli
(M 7.0; horizontal peak 0.85g) and Tabas (M 7.7; hori-
zoRtal peak 0.8g) which apparently were not included
in the Donovan study. Luco at 1-, 5.

There was also testimony concerning w'hether Hanks and John-
son's 1976 article supported the proposition that peak
accelerations are magnitude independent in the near field.
E. g. f Tr. 148-62 (Blume, Seed, Smith); 617, 867-59 (Brune);
742-43 (Young); see Hanks and Johnson article, Joint Int.
Ex. R-2 (in evidence in prior proceeding. Tr. 145). That
article does not support the proposition of complete
magnitude independence above M 6.5. Tr. 161-62 (Smith).
See also Tr. 617 (Brune); 742-43 (Young); See discussion
of Hanks and Johnson, Section I.B., infra.
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Accordingly, peak acceleration will increase on the order of

50 percent in going from M 6.5 to M 7.5. Since IV-79 was

approximately M 6.5, the 0.8lg Bonds Corner record should be

increased by as much as 50 percent to account for the increase to

M 7.5 for the design basis earthquake on the Hosgri fault.

(c) The Bonds Corner Record Must Be Ad'usted Upward to
Account for the Differences in Sz.te Conditions between
the Imper'.al Valley an Drab o Can on

The Bonds Corner record should be adjusted upward to account.

for the differences in site conditions between the Imperial Valley

and Diablo Canyon. The Imperial Valley is characterized by deep

cohesionless soils, while Diablo Canyon is a rock site. Tr. 213

(Seed). The clear weight of the evidence supports the conclusion

that accelerations at a rock site in the near field will exceed

those for a soil site for. the same magnitude event.

Dr. Seed has conducted detailed analyses regarding the pre-

dicted accelerations on soil versus rock. See Joint Int. Ex. R-4.

Dr. Seed has concluded from these analyses that the mean peak

acceleration for a rock site will exceed that for a soil site by

approximately

Ex. R-4. Dr.

30 percent. Tr. 212, 219, 233-34 (Seed); Joint Int.
Luco agrees that a rock site will experience higher

accelerations than a soil site for the same magnitude event. Luco

at 1-17. Dr. Newmark is of the same view when peak accelerations

exceed 0.6g. Newmark at 17.
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The USGS concluded that rock and soil sites will generally

experience the same peak accelerations for the same magnitude

event. Joint Int. Ex. R-l, at 1. However, the USGS conclusion
6/

only applied to sites outside 15 km. Id.; see Luco at 3-4 ~

Dr. Blume expressed the view that rock and soil sites will produce

the same near field accelerations (Tr. 212 (Blume)), but there is
no evidence that Dr. Blume has conducted any analyses on the

subject. Finally, the Tera Report concludes that rock sites such

as Diablo Canyon will actually have lower peak ground accelerations

than soil sites. Tera Report at 1-7. This view, which has not
7/

undergone critical peer review, may result from the novel soil
classification system which the authors of that Report adopted.

Tera Report at- 2-6.

6/ Dr. Young also testified that peak accelerations for soil
and rock sites will be comparable. However, Dr. Young
relied on NUREG-CR/1175 which contained no near field data
subsequent to the 1971 San Fernando earthquake. Young at
25-26; Tr. 1054 (Young).

7/ The need for critical peer review is important in this
instance. Dr. Newmark has criticized the .Report for failure
to use only the higher horizontal acceleration component. as
done by USGS. Tr. 546-47 (Newmark). Dr. Young and Dr.
Trifunac have criticized the report for exclusion of certain
data and for use of other questionable data selection
criteria. Trifunac at I.10 — I.ll; Tr. 1145 (Trifunac);
Tr. 744-46 (Young).
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Given the weight of the evidence, the Bonds Corner 0.8lg peak

acceleration should be increased by 30 percent to obtain the maxi-
I

mum expected acceleration for a M 6.5 earthquake on a rock site

such as Diablo Canyon. This would result in an acceleration of

approximately 1.05g at Diablo Canyon for a M 6.5 event. When a

M,7.5 event is considered, this value would be increased even

further.

(3) The Bonds Corner Record Re uires that the Board Find
that the 0.75 Horizontal Acceleration Value Used for
Diablo Can on is Too Low

In conclusion, the Bonds Corner record demonstrates that the

0.75g horizontal acceleration value used at Diablo Canyon is

not conservative. That 0.75g value has been exceeded on a deep

soil site during.'an, earthquake -significantly smaller than

that for which Diablo Canyon must be designed. When the necessary

site and magnitude correction factors are applied to the Bonds

Corner record, a horizontal acceleration value substantially in

excess of 0.75g must be adopted.

B. Even Using the PGGE Methodolo , IV-79 Demonstrates
that 0.75 is Not a Conservative Value or the Maximum
Horizontal Acceleration at Diablo Can on

PG&E and the NRC Staff ignore the Bonds Corner record and,

instead focus on the IV-79 mean and mean plus one standard

deviation values at. 5.8 km to analyze its significance for Diablo

Canyon. E.g., Tr. 1409-13 (Seed); PGaE Ex. R-19. However, even
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under that PG&E and Staff analysis, IV-79 demonstrates that the

0.75g horizontal acceleration value adopted for Diablo Canyon

is not conservative.

Dr. Seed, in presenting PG&E's rebuttal testimony, set forth
PG&E's argument that 0.75g represents a conservative

value for horizontal ground acceleration at Diablo Canyon in light
of IV-79. Tr. 1409-13 (Seed). There is one overriding flaw in

the PG&E position: at each si nificant step in the anal sis,
PG&E makes unconservative assumptions. When PG&E's assumptions are

properly adjusted to embrace conservative values, the 0.75g

acceleration value for Diablo Canyon is again shown to be uncon-

servative. Dr. Seed's presentation, and the Governor's comments

thereon, are set forth below:

~She 1: Dr Se.ed computes the mean and mean plus one standard

deviation values for IV-79 at a distance of 5.8 km. His values,

respectively, are 0.39g and 0.52g. PG&E Exs. R-18, R-19; Tr. 1410
8/

(Seed). These values appear to be correct.

8/ Various witnesses arrived at different mean values for IV-79
at S.S km. See Note 3, supra. Governor Brown's Er. R-12
contained a hregrhIV-79 mean plus sigma value which was
questioned during the hearing. Tr. 976-84 (Young). We
have reviewed =those calculations and agree that the mean
plus sigma was too high and, when calculated correctly,
would be only slightly higher than Dr,. Seed's at 5.8 km.
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Step 2: Dr. Seed states that the IV-79 mean and mean plus

sigma values must be corrected for the differing Imperial Valley
and Diablo Canyon site, conditions.. Dr. Seed, as noted earlier,
favors a 30 percent increase of the IV-79 values to adjust to the

rock conditions at Diablo Canyon. However, he applies only a 20

percent (1.2) correction factor because other experts believe

soil and rock sites will have the same peak accelerations.

Accordingly, the PGGE 1.2 site correction factor brings the

IV-.79 mean and mean plus sigma values applicable to Diablo Canyon

to 0.47g and 0.62g, respectively. PGGE Exs. R-18, R-19; Tr. 1410-11

(Seed). This correction factor is not sound. The weight of the

evidence, and the mandated "conservative" licensing principles
require use of the 1.3 correction factor described earlier in
Section I.A(2) (c) .

~Ste 3: Dr Se.ed next adjusts the IV-79 mean and mean plus

sigma values to account for the magnitude differences between IV-79

and the design basis earthquake on the Hosgri fault. Dr. Seed

specifies the IV-79 local and surface magnitude values as 6.6

and 6.8-6.9, respectively. He then utilizes a 1.15 correction
factor in adjusting the IV-79 data to the Hosgri design basis

event. The 1.15 factor is described as a compromise between the

alleged Tera Report correction factor of 1.2 and the Hanks and

Johnson factor of 1.05. Applying this 1.15 factor leads Dr. Seed

to adjusted IV-79 mean and mean plus sigma values of 0.54g and
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0.7lg, respectively. PGsE Ex. R-19; Tr. 1411-12 (Seed).

Dr. Seed's 1.15 magnitude adjustment factor is grossly un-

conservative. First, the Ml and Ms values for IV-79 are open

questions at this time, being between 6.2-6.6, and 6.5-6.9,

respectively. As documented in Section I.A.(2)(b), ~su ra, Dr. Seed

should have used an Ms value less than 6.8 (if Ms is used at all)

and a M value of no more than 6.4. This would result in a full
1

magnitude point difference between IV-79 and the Hosgri design

basis earthquake.
Further, the 1.2 magnitude correction factor is unconservative

even if there is not a full magnitude difference between the

Hosgri design basis earthquake and IV-79. First, the 1.05 factor
attributed to Hanks and Johnson is nowhere to be found in that
article which, by its own terms, is a theoretical analysis at a

source distance of 10 km. See Joint Int. Ex. R-2. USGS has

expressed caution over use of Hanks and Johnson at large magni-

tudes. USGS stated:

Above magnitude 6.5 there are essentially no data for
estimating the effect of magnitude on near-fault peak
acceleration, velocity and displacement, other than the
static fault offset as a bound on the peak displacement.
Conservatism requires the presumption of some increase
with magnitude. Hanks and Johnson (1976) presented a set
of peak acceleration data at a source distance of
approximately 10 km for earthquakes in the magnitude range
3. 2-7. 1. The only data point above magnitude 6. 5 was for
the Imperial Valley earthquake of 1940 which they assign
a magnitude of 7.1 in contrast to our value 6.4, so the
data set can be applied to magnitudes gre'ater than 6.5
only as an extrapolation. The data set shows some
dependence of peak accelerations on magnitude, but Hanks
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and Johnson argue that the data are consistent with the
idea of magnitude-independent. source properties. The
data plotted as the logarithm of peak acceleration
against magnitude can be fit by a straight line with a
slope equivalent to an increase by a factor of 1.4 per
magnitude unit. This should not be used for extra-
polation beyond magnitude 6.5, however, because the
data set was deliberately chosen to represent relatively
high values, and thus the slope of the line fitting the
data may not be the same as the slope of the line repre-
senting mean values or, for that matter, of th'e line
representing values for any fixed probability. Joint
Intervenors Ex. R-l, at 25-26.

Thus, (1) Hanks and Johnson should not, be extrapolated beyond

M 6.5; and (2) the slope of the line which m~iht be extrapolated

is 1.4, not the 1.05 apparently attributed by .Dr. Seed.

Second, contrary to Dr. Seed, the Tera Report magnitude

correction factor is not 1.2. In moving from 6.5 to 7.5, the Tera

statistical model predicts a 55 percent increase in peak ground

acceleration and an increase of 23 percent in moving from'. 0 to

7.5. Tera Report at 4-4. Thus, the increase in going from 6.8

to 7.5 must be at least 30 and perhaps even 40 percent. Accordingly,

there is no rational basis for the 1.2 magnitude correction factor

applied by Dr. Seed. A conservative correction factor would be

1.5, but certainly nothing less than 1.35 could properly be

accepted.

Step 4: Dr. Seed rounds PG&E's 0.54g and 0.71g mean and

mean plus sigma values, purportedly "conservatively," to predict

a 0.6g mean rock acceleration at Diablo Canyon for the M 7.5

Hosgri earthquake and a mean plus sigma value of 0.75g. PGGE
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Ex. R-19; Tr. 1412-13 (Seed). However, when genuinely conservative

values, as described above, are applied to Dr.,Seed's analyses,

the IV-79 data predict mean and mean plus sigma values of 0.80g

and 1.0g, respectively, for Diablo Canyon. These are calculated

as follows:

(1) Dr. Seed's IV-79 Values at. 5.8 km:

Mean = 0.39g
Mean + sigma = 0.52g

(2) Correction factor for site conditions: 1.3

(3)

0.39 x 1.3 = 0.51g
0.52 x 1.3 = 0.68g

9/
Correction factor for magnitude: 1.5

0.51 x 1.5 = 0.77g
0.68 x 1.5 = 1.0lg

(4) Rounding off:
mean peak acceleration for rock: 0. Sg

mean plus one standard deviation for rock:
1.0g 10/

9/

10/

If a 1.35 correction factor were applied, the corrected mean
and mean plus sigma values would be 0.69g and 0.92g.

The 1.0g mean plus sigma value calculated above is only 25
percent greater than the mean value. This is probably on
the'low side in view of evidence that the standard deviation
is usually far more than 25 percent. See Luco at 2-4 (Blume
and Frazier standard deviations for peak acceleration are
1.47 and 1.56, respectively); Tr. 238 (Seed) (1.4 standard
deviation factor).
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Significantly the USGS in Circular 795 has reached results

nearly identical to those set forth above for a M 6.5 earth uake.

Thus, USGS states:

After considering the physics of the faulting
process, the few available data close to faults,
and the modifying effects of surface topography,
at. the present.'time it would be difficult to
acce t estimates less than about 0.8 , 110 cm/s,
and 40 cm. res ectively, for the mean values of

eak acceleration, velocity, and displacement at
rock sites within 5 km o quit rupture in a
ma nitude 6.5 earthquake. These estimates can
be expected to change as more data become available.
Joint Intervenor's Ex. R-1 at 1 (Emphasis supplied).
See also id-. at 25.

USGS has not changed its view on these matters in documents issued
11/

subsequent to IV-79. See PGGE Exs. R-5, R-6.

C, Findings on 'Appeal Board Questions 1 and 3

The IV-79 data constitute a valuable source of information

directly relevant to the Diablo Canyon licensing proceeding.

First, they show that high horizontal accelerations are being

experienced for earthquakes significantly smaller than the Hosgri

design basis earthquake. These high accelerations immediately

PG&E witness Smith testified that he believes the authors
of USGS Circular 795 would now change their 0.80g prediction
for a rock site. Tr. 143 (Smith) . Smith's testimony on
th'is point is purely speculative and unsupported by any
evidence. Further, the Board denied Joint Intervenor's
motion to subpoena the Circular 795 authors, a motion
which PGGE opposed. Tr. 229. PGGE cannot now legiti-
mately speculate on what those authors micCht conclude
when it opposed the opportunity to hear those authorsfirst hand.
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challenge the conservatism of the 0.75g acceleration value used

for Diablo Canyon. Second, they show that peak ground acceleration

is magnitude dependent, with significant acceleration increases

predicted in going from M 6.5 to M 7.5. Finally, the high XV-79

soil recordings are relevant, but must be increased to be properly

applied to a rock site such as Diablo Canyon. When the foregoing

are considered, the unavoidable conclusion is that the 0.75g

horizontal acceleration value utilized at Diablo Canyon is not

conservative.
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II. A peal Board Question 2: IV-79 Demonstrates that the Newmark
S ectrum for Diablo Can on is Not a Conservative Re resentation
of the M 7.5 Desi n Basis Earth uake.

2. Response spectra have been developed from the nearfield
(1 to ll km) ground motion records produced by IV-79. The
records contain horizontal peak acceleration values in the
range of 0.81g 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 horizonta'1 responses
exceed the Newmark Design Response Spectrum for Diablo
Canyon. (See staff brief at p. 9; Brune affidavit, Attach-
ments A and B.) In view of this, the parties should discuss
whether the Newmark Spectrum is an appropriate and sufficiently
conservative representation of the 7.5M event at Hosgri.

35 In other words, if the'various IV-79 nearfield response
spectra were used to generate a smoothed, average response
spectrum for a zero-period acceleration appropriate to that
event (in accordance with techniques explained in Blume's
testimony fol. Tr. 6099 at page 6 and pages 39 and 40), andif this spectrum were scaled to a 0.75g zero-period accelera-
tion, would the resulting response spectrum be bounded by
the Newmark Spectrum for Diablo Canyon?

IV-...79 .demonstrates that the Newmark spectrum for Diablo Canyon 'is,

not an appropriate or conservative representation of a M 7.5 earthquake

on the Hosgri fault 5.8 km from the Diablo Canyon facility. First, the

Newmark spectrum for the M 7.5 Hosgri design basis event has been

equaled by the response spectrum at Bonds Corner in the M 6.5 IV-79

earthquake. Second, an IV-79 response spectrum properly derived from IV-79

data demonstrates a substantial exceedence of the Newmark spectrum.
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Accordingly, this Board should find that the Newmark spectrum must be

substantially raised to represent the M 7.5 design basis earthquake

on the Hosgri fault.
A. The Newmark S ectrum is Not Conservative'Since it Has Been

Matched b the Res onse S ectrum for a Dee Sos.l Site xn
a M 6.5 Earth uake.

The Bonds Corner response spectrum is practically identical to the

Newmark Hosgri spectrum at frequencies above 2 hertz, the range of
greatest interest at Diablo Canyon. This is demonstrated graphically
by Witness Young .at page 21 of his prefiled testimony. Accordingly,

there now have been two occasions -- Pacoima Dam being the other--
where the response spectrum for a M 6.5 event at approximately the

Diablo Canyon distance has equaled the Newmark spectrum which is
designed to be a conservative representation of a M 7.5 event on the

Hosgri fault. Young at 18, 21. There is one conclusion which is
inescapable: the Newmark spectrum may be appropriate for a M 6.5

earthquake (Trifunac at II.2) but it clearly is not conservative for
a M 7.5 earthquake on the Hosgri fault.

The Bonds Corner record is all the mare important because its large high

frequency response spectrum accelerations were achieved at a deep

cohesionless soil site. Most experts agree that high frequency response

accelerations for the same magnitude event are likely to be-higher-in the

near field at a rock site than at a soil site. —Thus, Dr. Luco has12/

Dr. Blume testified that at high frequencies, response spectra for12/
rock and soil sites will not differ significantly. Blume at III-l,III-2. Dr. Blume provided no supporting analyses for this view.
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testified- that for frequencies above 2 hertz, the anticipated mean

spectrum for rock sites exceeds that for soil sites at a five-mile

distance for a M 6.5 event by 50 percent. Luco at 3-4, 3-5, 3-6.

Dr. Trifunac also concludes that at frequencies greater than 3 hertz,

the average spectral amplitudes tend to be higher for rock sites

than soil sites. Trifunac III.1 — III.2. And Dr. Young testified
as follows:

It would appear that subsurface conditions modify
the frequencies of ground motion that are amplified,
but cause little change in peak ground acceleration.
Therefore, the long period amplified motion recorded
for the IV-79 event (deep soil sites) are not typical
of the amplified frequencies that would occur on a
rock site, but the response- recorded at Bond's Corner
(deep soil site) at frequencies between 1 and 15 Hz
which are dependent upon the peak ground accelera-
tion are equivalent to those monitored at Pacoima Dam
(rock site). This su ests that the Bond's Corner
res onse would have been reater had it been a rock
sate. Young at 26 (emphasis supplied) .

Dr. Young observed further:
It is extremely important to note in Figure 6 that

for frequencies between 1 and 15 Hz the Newmark Diablo
Canyon, Pacoima Dam, and,Bond's Corner spectra are
all comparable. Based on, theories postulated by Seed
et al. (1976), the response for a deep soil site
(Bond's Corner) in this frequency range should have
been less than the response for a rock site (Pacoima
Dam) for earthquakes of the same magnitude. This
indicates that the Newmark Diablo Canyon response
spectrum is not conservative since it has essentially
been equalled on a.deep soil =site for- a magnitude
6.5 earthquake in the frequency range determined by
acceleration. Id. at, 18 (referring to Fig. 6 at page13/
19 of Young prefiled testimony) (emphasis supplied) .

13/ l

Dr. Young presented further evidence to demonstrate the unconserva-
tive nature of the Newmark response spectrum. Dr. Young computed
response spectra for Diablo Canyon using the methodology set forth
in NUREG-CR/l175. The M 6.5 spectrum so computed closely matched
the Pacoima Dam spectrum, thus indicating the validity of the
NUREG-CR/1175 approach. TUhen Dr. Young computed the spectrum for
a M 7.5'vent comparable to the design basis earthquake on the
Hosgri, the Newmark Hosgri spectrum was exceeded at all frequencies .
Young at 21; Tr. 1022, 1117-18 .(Young). '
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Accordingly, the Bonds Corner response spectrum demonstrates that the

Newmark spectrum for Diablo Canyon is not conservative.

B. IV-79 Data Other Than Bonds Corner Demonstrate that the
Newmark Spectrum z,s Unconservative.

Even when the Bonds Corner record. is not seperately considered,

the IV-79 data demonstrate that the Newmark spectrum is not conserva-
\

tive. As documented in Section I, a Diablo Canyon free field response

spectrum, derived in light of IV-79, should have a zero period accelera-

tion of at least 1.0g, the conservative IV-79 mean plus one standard

deviation horizontal acceleration at 5.8 km when converted to a M 7.5

event on a rock site. It is appropriate to use the 1.0g acceleration

as the zero period acceleration because a mean plus'ne standard

deviation response spectrum should converge to the mean plus one

standard deviation value at zero period. Tr. 748 (Young); Young at

20; Luco at 2-5, 2-6. See also Newmark at 9-10 (" the SSE earthquake

acceleration at which the spectrum is anchored is then at the median

plus one standard deviation value" ). Since the Newmark spectrum for
Diablo Canyon converges to 0.75g rather than 1.0g at 33 hertz, it is
not a conservative spectrum for use at Diablo Canyon.

Dr. Blume testified that IV-79 does not require alteration of

the Diablo Canyon free field response spectrum. Blume II-2. Dr.

Blume reaches this conclusion by comparing the mean spectrum of the 24

IV-79 records specified in Appeal Board Question 2'ith the Newmark

Hosgri spectrum. Id. at II-2 and Fig. II-2. However, the -Newmark

spectrum is a mean plus one standard deviation spectrum, thus making

the comparison invalid. Tr. 189 (Blume). Dr. Blume also has prepared
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a spectrum of the IV-79 data normalized to 0.75g and compared that
spectrum to the Newmark spectrum. Id. at II-2 and Fig. II-3. How-

ever, this comparison, again, is not useful since a normalized mean

spectrum is being compared with a mean plus sigma spectrum. Further,

it must, be emphasized that Dr. Blume's comparison, as well as those

of Dr. Luco, were for the M 6.5 IV-79 event. See Luco at 5-6. When

the IV-79 spectra are corrected for magnitude, it is clear that the

Newmark spectrum is not conservative.

Dr. Young prepared a more meaningful comparison in response to
Dr. Blume's figures. Dr. Young computed the mean plus sigma spectrum

for the 24 records used by Dr. Blume and scaled the resulting
spectrum to the equivalent of a 0.75g mean acceleration. Tr. 747

(Young); Governor Brown Ex. R-14. The results, set forth in Governor

Brown Ex. R-14, document that the IV-79 data, when properly scaled,

exceed the Newmark spectrum at nearly all frequencies and converge to
a mean acceleration of 0.75g and a mean plus sigma acceleration of
1.08g at frequencies above 33 hertz. Id. Dr. Luco prepared similar
analyses which documented that the IV-79 data, properly scaled, exceed

the Newmark spectrum. Luco at 2-3 thru 2-. 6. Dr. Luco also demonstrated

that the Newmark spectrum falls far below the rock site spectrum derived

by Dr., Seed, even when the Seed spectrum has a 0.75g anchor value. Id.
at 2-5, 2-6.

C. 'indin'gs::Regard'in'g''A'ppeal:..B'pard:.Q'u'e'st'ion:.'2..

The IV-79 data, whether Bonds Corner singly, or all the data taken

together, demonstrate that the Newmark spectrum for Diablo Canyon is
not conservative. It has been equaled two times by lesser sized
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earthquakes. Further, when realistic mean plus sigma horizontal

accelerations are computed, there is a significant exceedence of the

Diablo Canyon spectrum. Accordingly, there is no basis .for this Board to

find that Diablo Canyon has been designed to withstand the maximum

accelerations associated with the M 7..5 design basis earthquake.
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III. A eal Board Question 4: IV-79 Demonstrates that Near
Field Vert>.cal Accelerations Must be Assumed to be E ual
to Horizontal Accelerations

4. The magnitudes of vertical and horizontal accelera-
tion 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 ll 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 fre-
quency 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 NRC Regulatory 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 be-
tween 0.25 and 3.5.

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 fre-
quencies. The parties should address this apparent incon-
sistency and explain it, if possible. Should there be
substa'ntive and relevant analyses suggesting that vertical
motion records do not reflect the true vertical motion,
these should be provided. (footnotes omitted.)

IV-79 produced extremely high vertical accelerations, with

vertical and horizontal accelerations generally equal at 5.8 km
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from the fault. Luco at 4-3. Further, as noted in Appeal Board

Question 4, the IV-79 vertical response spectra for stations within,
ll km of the fault are also generally equal to the horizontal

spectra for these stations. Finally, and most startling, the

mean and mean plus sigma vertical spectra for those 'stations

within ll km of the fault —the same 12 stations used by

Dr. Blume for computations under Appeal Board Question 2 —even

unscaled, substantially exceed both the vertical and horizontal

spectra for Diablo Canyon. Gov. Brown Ex. R-15; Tr. 749 (Young).

Thus, the vertical response spectra for Iv-79 have ~reatl exceeded

all design spectra for the much larger M 7.5 design basis earth-

quake on the Hosgri fault. Clearly, the vertical design values

utilized for Diablo Canyon are not conservative.

PGGE and the NRC Staff have suggested various theories or

explanations to explain away the startling IV-79 vertical records.

However, each explanation has its own weakness and only one con-

elusion can fairly be drawn: a vertical design value any less

than the horizontal value cannot conservatively be justified for
a near field site such as Diablo Canyon. The bases for rejection
of the PG&E and Staff arguments are set forth below.

A. The 'Hi h IV-79 Vertical Records Cannot be Ex lained
b Instrument Over-Regs.stration

Drs. Newmark, Blume and Kuo have suggested that the high

vertical recordings in the Imperial Valley might be explained on
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the basis of instrument over-registration. Dr. Newmark indicated

that in. the frequency range of three to 15 hertz, instruments

over-register vertical accelerations unless embedded or firmly
attached to a heavy foundation. Blume at IV-5; Newmark at 8-9,

12-13; Kuo at 9; Tr. 585-89, 593 (Newmark). The Board should

reject this explanation. Dr. Newmark performed no analyses of

IV-79 instruments to determine which, if any, were properly

attached so as to give accurate readings and which were not

attached properly. Tr. 593 (Newmark). There likewise is no

evidence of such analyses by Drs. Blume and Kuo. Thus, the

alleged over-registration is entirely speculative on the basis

of evidence presented at the reopened hearing.

There are additional reasons that the over-registration

explanation must be rejected. The alleged over-registration, if
generally true, would appear to be something which would cause

USGS and others operating seismological instruments to take steps

to correct. However, there is no evidence that any such steps are

taking place. Young at 29. Further, Dr. Brune, a seismologist

with extensive experience with recording instruments, testified
,.that he knows of no evidence which suggests that recorded vertical
accelerations do not reflect the true vertical motion. Brune Joint

Int. at 9. In sum, the over-registration explanation is specula-

tive and supported by no reliable evidence.
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B. The Tau Effect Does Not Justify Use of Lower Design
Values or Vert'.cal Accelerate.ons

Dr. Blume suggested that the Diablo Canyon vertical design

is actually greater than two-thirds of the horizontal design

because the horizontal response spectra have been reduced for the

tau factor but';the vertical spectra have not been so reduced.

This allegedly leads to higher vertical to horizontal ratios than

the two-thirds referenced in Appeal Board Question. 4. Blume at

IV-2, IV-3. This argument rests, of course, on the appropriate-

ness of the tau factor reductions calculated by PGGE and the Staff

for,Diablo Canyon. For reasons presented in response to Appeal

Board Question 5, Section IV, infra, no eau reductions

can be justified, thus leaving the vertical to horizontal ratio
at two-thirds. Further, even accepting PGGE's tau reductionsf

the vertical design values for the auxiliary building, the con-

tainment. and intake structures, and miscellaneous small structures

all fall below the corresponding horizontal values. Blume at IV-3

and Fig. IV-2. On the record before this Board, no vertical
design less than the horizontal design in the high frequencies

can be tolerated.

C. Im erial Valle Site Conditions Do Not Justif Continued
Use of the Two-Thirds Vert'.cal-to-Horizontal Ratio at
Diablo Canyon.

Dr. Frazier has suggested an explanation for the high verticals

in the Imperial Valley, based upon the different characteristics
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of seismic waves and the deep sedimentary layering in the Imperial

Valley which may cause larger P-wave amplitudes. Based upon these

characteristics in the Imperial Valley, Dr. Frazier concludes

that the vertical-to-horizontal ratio of peak acceleration is

about three to ten times higher for the Imperial Valley than for

Diablo Canyon. Frazier at IV-1 thru IV-5.

The Frazier analysis cannot be accepted. Dr. Luco pointed

out that Dr. Frazier's results differ significantly from results

which Dr. Frazier previously had predicted. Dr. Luco states.

It has been argued that the particular
Imperial Valley geologic structure enhanced the
vertical components of motion relative to the
horizontal components (Frazier, P.G. and E.
Written Testimony). In support of this argument,
calculations have been presented indicating that
for small strike-slip sources buried at various
depth in the Imperial Valley geologic structure,
the ratios of vertical to horizontal peak accel-
erations would vary from 2.0 to 3.1 as an average
over epicentral distances less than 10 km (Table
IV-2, Frazier IV-15). These values are significantly
different from the ratios appearing in a recent.
report by Del Mar Technical Associates (Tera)
(Simulation of Earthquake Ground Motions for San
Onofre Nuclear Generating Station Unit 1, Supplement
III, August 1980). In this report the ratios
calculated by the same procedure for the Imperial
Valley geologic structure range from 0.6 to 1.0.It seems that the differences are due to the use of
different models for the geologic structure of the
Imperial Valley. If such lar e differences (from
ratios of.2.0 — 3.1 to ratios of 0.6 — l.0 can
be obtained b mode.fz.cation o t e eo o z.c mo el, it

'sons are not reliable.
In particular,'he calculated ratios are highly depend-
ent on the assumed values for the attenuation of shear
and compressional waves. These attenuation values are
highly uncertain. and it appears that by selective
modeling various ratios can be obtained. Luco at
4-6, 4-7. (emphasis supplied) .
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Accordingly, while Dr. Frazier's explanation may justify further

investigation, the substantial questions regarding the results

preclude 'reliance upon Dr. Frazier's conclusions.

D. IV-79- Near Field Vertical Records Com el Revision
of the Vertical Desi n Re uirements at Diablo
C~an on

The most fundamental. reason for rejection of the various

explanations of PGGE and the Staff relating to IV-79 vertical
accelerations is that they ignore the true importance of the IV-79

data. IV-79 produced the first. extensive near field records

upon which to judge near field vertical-to-horizontal ratios.
All other predictions have been based largely on far field data

extrapolated to the near field. Young at 2S-29..Dr. Luco addressed this matter,

showing those extrapolations to be suspect.

In the near-field, the peak acceleration
pulses have a high frequency content and,
then it is possible to find larger peak
accelerations in the vertical components.
At larger distances from the fault the peak
acceleration pulses have 'a lower frequency
content and the peak horizontal accelera-
tions exceed the peak in the vertical com-
ponent. The transition for the IV-79 data
occurs at a distance of about 6 km from the
fault. Since most correlations for peak
accelerations are based on data heavily
biased to distances in the range from 20 to
l00 km it is not surprising to find that these
correlations predict vertical peak accelera-
tions of the order of 2/3 of the peak hori-
zontal values. Luco at 4-5.
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Dr. Young voiced a similar concern:

The data collected in the near field during the
IV-79 event is significantly different than the gen-
eral trend of the data available prior to this event.
Examination of the IV-79 vertical and horizontal
response spectra for stations having a fault
distance not greater than the focal depth indicate
a general pattern in which the vertical response
is equal to or greater than the horizontal
response at frequencies greater than about 5 Hz.
At lower frequencies the vertical response is in
general less than two-thirds of the horizontal
response. Young at 28.

Based upon these new near field data, Drs. Luco, Trifunac

Brune and Young all have suggested that use of a two-thirds

vertical-to-horizontal ratio is not conservative when applied

in the near field. Luco at 4-6; Trifunac at IV 2; Brune Joint.

Int. at 8-9; Young at 29. In light of this expert opinion

calling for strict application of Reg. Guide 1.60 in the near

field, the lack of reliable data to prove conservatively that

near field accelerations will not equal horizontal values,

and the substantial exceedence of the Newmark horizontal and

vert'ical spectra by the IV-79 records, 'this Board should rule

that the vertical response spectra at Diablo Canyon must be no

less than the horizontal spectra.
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IV. A eal Board Question's 5 and 6: There is No Basis for Reduction
of the Diablo Can on Free Field Res onse S ectrum for the Tau
Effect or for Soil/Structure Interaction.
5. 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 simi-
lar 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 accelera-
tion data, however, may be t'aken 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
recorded earthquake motions at the Hollywood Storage Building
to demonstrate the use of a tau„effect analysis. The Holly-
wood Storage Building itself is built on piles in soil. Thus,
the "built-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'ny event, given the apparent similarities between
the structural foundations of the two buildings, the expla-
nations 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 prevailing at the Diablo Canyon site (footnotes
omitted) .
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6. 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 arguments (in response to
intervenors'uggestion of the apparent lack of tau
effect during IV-79) point to soil-structure interactions
as the reason for building motion exceeding that of the
ground (Blume Affidavit, Para. 10; Rothman — Kuo Affi-
davit, p. 7). (a) Describe and explain the circum-
stances 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.
(footnotes omitted).

The Licensing Board permitted a sharp reduction in the Diablo

Canyon free field response spectrum on the basis of the tau effect.

These reductions varied from 20 percent, for the containment and intake

structures (0.75g to 0.6g), to 27 percent for the auxiliary building

(0.75g to 0.55g), to 33 percent for the turbine building and for
miscellaneous structures (0.75g to 0.5g). Luco at 5-4; Tr. 703-05-

(Kuo); Blume at IV-3. The Licensing Board response spectrum reductions

included no value for soil/structure interaction effects. Tr. 1301

(Seed) .—14/

This Board must eliminate completely the tau effect reductions.

The evidence in this proceeding demons'trates that these reductions are

not factually supported and are inconsistent, with conservative licensing

14/ As used. in this Brief, "tau" refers to base averaging and wave in-
coherence effects which have been proposed to reduce response of
the Diablo Canyon structures and equipment. See Newmark at 13;
Seed at VI-l, VI-2. Soil/structure interaction effects are dis-
cussed as a subject distinct, from the tau effect, thus adhering
to the distinction implied in Appeal Board Questions 5 and 6.
See Seed at VI-l.
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principles. With respect to soil/structure interaction, the evidence

does not support any reductions, particularly not the 20 percent

reduction proposed by PGGE. The bases for these positions are set

forth below.

A. The Tau Effect Reductions to the Diablo Can on Res onse
S ectra are Not Warranted.

The tau effect has generally been described as the combination

of two processes: the averaging of seismic waves over the base of
a structure; and wave incoherence effects which would produce a

reduction in response of a structure. Luco. at 5-5, 5-6. In the

instant, case, neither wave averaging nor incoherence effects can be

relied upon for response spectra reductions.

(l) There Will Be No Wave Avera in Effects at Diablo Can on.

The wave averaging effect was described by: Dr. Luco in the

following terms:

The response of a flat massless foundation placed on
the ground surface depends on the type of seismic excita-
tion. For vertically incident plane waves, the response
of the foundation would have exactly the same amplitude
as in the free-field. If the waves are inclined, then,
the translational response of the foundation at high fre-
quencies is reduced and torsional and rocking effects are
introduced. The extent of the reduction of the transla-
tional response and the creation of torsional and rocking
effects depend on the dimensions of the foundation, on the
apparent horizontal velocity of the inclined wave, on fre-
quency and on the relative stiffness of the foundation to
that of.-the soil. For very stiff foundations, the critical
parameter is ft, where f is the frequency and t = D/C is
the time it takes for the wave with apparent horizontal
velocity C to travel the width D of the foundation. If
tau is zero (t=0), then there is no reduction in transla-
tional response and no rocking or torsional response induced
in this f'irst part of the interaction problem. Luco at 5-5.





38

At Diablo Canyon it is unrealistic to expect any significant

wave averaging effects. Dr. Luco stated the reason:

For the containment building at Diablo Canyon a
value of t = 0.04 sec has been used. Since the
diameter of the foundation is 153 ft., the corre-
sponding value for the apparent velocity is C =
3825 ft./sec. Since the shear wave velocity at
the depth of the foundation is of the order of
3600 ft./sec, this value of C implies that it is
assumed that waves propagate almost horizontally;
clearly, an untenable assumption. Luco at 5-5, 5-6.

Further, given the likely wave lengths that might be present

at Diablo Canyon, it is again unrealistic to expect any wave averaging

effects. For wave averaging to have an effect, the building length

must be greater than the ground wave length under consideration.

Blume at V-1. Since the likely lower bound wave length for Diablo

Canyon is 700-800 feet, which is far larger than any Diablo Canyon

buildings, there is no conservative basis for any tau reduction

due to wave. averaging. Trifunac at V.4.

(2) LUave Incoherence Effects Calculated from the El Centro
Arra Do Not Substantz.ate the Diablo Can on Tau Reductions.

The second tau effect reduction is the so-called wave incoherence

effect. Dr. Luco has also described the theoretical basis for this

effect:
It was assumed that the reduction of translational response
of the foundation was associated with incoherence of the
seismic excitation. Incoherence of the seismic motion
would produce effects similar to those for inclined waves.
The critical parameter in this case would be D/A (=ft)
where is the characteristic wave-length of the inco-
herence at a- frequency f. To produce'the same effects
on the containment building as + = 0.04 for f = 10Hz,
the characteristic length of the incoherence would have
to be Q = 383 ft; or, in other words, at 10 Hz, points
separated by 190 ft. would have to be moving in opposite
directions. Luco at 5-6, 5-7.
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PG&E has attempted to demonstrate this incoherence effect
through analyses of the IV-79 records of the El Centro Differential
Array. E~, Smith at V-3, et seq.; Tr. 1288-92 (Seed); Tr. 1386-

92 (Smith); PG&E Exs. R-13 thru R-16. — PG&E suggests that the15/

Array data indicate that at distances relevant to Diablo Canyon—
for instance.165 feet.,which is the approximate dimension of the

containment structure -- there is a reduction in horizontal accelera-
tions commencing at approximately 3 hertz. These incoherence effect
reductions, scaled from PG&E Ex. R-15, are as follows: 3 percent at,

5 hertz; 8.5 percent at 10 hertz; and 16 percent at. 20 hertz. — See also16/

Tr. 1392 (Smith). Thus, on the basis of Dr. Smith's analyses, wave

incoherence reductions of three to 16 percent can be calculated from

the El Centro Array, the precise amount of each reduction depending

upon the frequency'of interest.
For a number of reasons, however, the reduction factors calcu-

lated for the El Centro Array are not significant for Diablo Canyon.

First, the Array reduction data demonstrate that a uniform reduction
for incoherence effects is not justified. Rather, the reductions
must be carefully calculated at each frequency. See Tr. 1309 (Luco)

(importance of determining reductions at, each frequency). The impor-
tant fact, of course, is whether sufficient incoherence reductions

The NRC Staff has referenced wave incoherence as contributing to15/
tau reductions but presented no analyses to explain or quantifythis effect. Newmark at 13.

1"/ A 23 percent reduction can be scaled at 30 hertz. PG&E Ex. R-15.
However, frequencies above 20 hertz are not of interest at Diablo
Canyon. Tr. 1422 (Seed).
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can be documented at the fundamental frequencies of critical Diablo

Canyon structures. Id.
The frequencies of interest at Diablo Canyon are generally

above 2-4 hertz, although the turbine building has a frequency of

less than 2 hertz. Blume at III-2; Tr. 1422 (Seed); Luco at 2-6,

2-7. Clearly, the incoherence effects derived from the El Centro

Array would provide no reduction for the turbine building for
which a 33 percent tau reduction has been allowed. If a representative

fundamental frequency for the remaining Diablo Canyon structures is
assumed to be approximately 10 hertz, the Array reduction factor is
no more than 8-9 percent, far less than the tau effect reductions

permitted by the Licensing Board. See Luco at 5-3, 5-4. Accordingly,

the wave incoherence effects computed from the El Centro Array, even

if directly applicable to Diablo Canyon, are far less than the tau

reductions which have been allowed.

However, the wave incoherence effects calculated by Dr. Smith

for the El Centro Array are not directly applicable to Diablo Canyon.

The Smith incoherence effects apparently are based upon perceived non-

homogeneities of the soil at different points within the Array since

there are no foundations or structures involved. Smith V-3, V-4;

Tr. 1310 (Luco). Due to the site differences between--Diablo Canyon

and the Imperial Valley, the incoherence. effects at Diablo Canyon will
be very small. Dr. Luco stated:

If we assume that this incoherence results from
different soil properties at different points beneath
the foundation, then the difference in arrival times,if you want, at two separate points will be inversely
proportional to the average velocity of the wave at
certain depths
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Actually, if we assume exchange in shear wave
velocity between the two sites, the implication of
that would be that at El Centro the velocities are
on the order of 1000 feet per second, and Diablo
Canyon on the order of 3000. We would have to have
a discontinuity in velocity nine times higher to
produce the same incoherence.

So if we have a change in velocity of so
many'eet

per second, at. two points, let us say, separated
by 100 feet, that difference would have to be nine
times higher at Diablo Canyon to produce the same
effect observed at El Centro. Tr. 1310-11 (Luco).

There is a further reason that the El Centro Array evidence

cannot support the Diablo Canyon tau reductions. Dr. Trifunac testi-
fied that PGGE's entire presentation regarding coherent/incoherent
wave effects is irrelevant to the existence or nonexistence of the

tau effect at Diablo Canyon. First, one cannot take acceleration
peaks, and, from that, infer coherence or incoherence. Tr. 1312

(Trifunac). Second, the important tau-related issue concerns the

wave lengths which will affect the facility, not whether they are

coherent or not. The waves, even if incoherent, will affect the

facility, and the 'degree of impact will depend upon the nature of
the wave length. Tr. 1312-14, 1326-31 (Trifunac). The failure
of PG&E to address this issue makes the evidence incomplete and

hence incapable of supporting any tau reduction.

Finally; the El Centro Array cannot appropriately be used for
a wave incoherence tau reduction because it is only a single set of
records. Dr. Smith, speaking of proposed tau reductions, made the

following observation:
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Considering the 'randomness in recordings, it
would be unfair to either prove or disprove a reduc-
tion in PGA due to the presence of a large structural
foundation on the basis of only one empirical observa-
tion. Smith at, V-l.

ln somewhat different contexts, Drs. Trifunac, Young and Luco have

all called for more than one record before a significant tau reduction
is accepted. Trifunac at V.5; Young at 34-35; Luco at 5 3. However,

in using the El Centro Array data, PG&E would be justifying 3-16 per-
cent tau incoherence reductions on the basis of only one set of records.

.That clearly is not a conservative basis for design of a nuclear power

plant.
(3) The .Tau Effect Reductions Permitted for Diablo Can on are

Not Justzfzed.

The foregoing discussion demonstrates that the tau effect reduc-
tions permitted by. the Licensing Board cannot be justified. There are,
in addition, several other points relative to the tau issue that need

to be emphasized. First, the use of the Hollywood Storage Building
("HSB") as the model for the Diablo Canyon tau reduction is inappro-
priate. The east-west axis of the HSB is normal to a radial line
extended from the epicenter of the 1971 San Fernando earthquake.

Therefore, the SH waves which produce the E-N body wave motion at above

2.5 hz.should reach both ends of that building simultaneously and
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tau would be zero. Young at 34., Accordingly, the peak ground acceleration

reductions experienced at,HSB cannot logically be explained on the

basxs of tau effect.but, rather, are more likely attributable to
soil/structure interaction.
5-19.—17/

Xd. at 35-39; see Luco at 5-11 thru

Second, since approximately 70 percent of the existing so-called

free-field records are from the basements or first floor of multi-story
buildings, the tau effect, if it exists in the HSB record, must also
exist, to various degress in 70 percent of these records. Thus,

regression analyses would be too low for free field values and the
tau adjustment,, if any, should be used to increase the free field
response spectrum. Young at 38.

Finally, as pointed out by Drs. Trifunac and Young, there are

many records from closely spaced instruments that do not show evidence

of the tau effect. For example, Dr. Young described the spectra for
1900 and 1901 'Avenue of the Stars. There are significant differences
in the spectra for these buildings despite the fact that the motions
were recorded- in basements separated only by width of the street

The HSB record cannot be explained by the tau effect for another17/
reason. Tau has been described as a near field phenomenon. New-
mark at 13. Dr. Smith described the near field as that area about
5-10 km from the fault rupture. Tr. 334 (Smith). The HSB was at
a fault distance of about 35 km according to Dr. Seed or 23 km
according to USGS. See Joint Int. Ex. R-4, at 1330; Joint Xnt.
Ex. R-l, at 38. Thus, HSB seems to be outside the range of the
predicted tau effect.
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Young at 34-36. And,Dr. Trifunac cited analyses and presented San

Fernando 1971 records which contradict. the tau examples presented

by Dr. Smith in the Tera Report. Trifunac at V.6, V.8-V.9.—18/

In conclusion, the evidence of record supports no tau effect.

reductions. The wave averaging effect was demonstrated to be inappli-
cable to Diablo Canyon. The wave incoherence effect, even if it
applies, would be extremely small at Diablo Canyon. Finally, the

data are conflicting on the theoretical bases for the tau reduction.

In short, there is no conservative basis for any of the 20-33 percent

tau effect reductions permitted by the Licensing Board. The statement,

of Dr. Trifunac is instructive.

It seems inappropriate to justify or to rule out
the "t effect" reduction. on the basis of several
buildings studied in detail. Uncertainties in every
analysis and numerous factors beyond our understanding
that act during each recording make it unwise to dis-
regard any recorded data. Thus until it can be demon-
strated that this effect is present in a significant
manner in all recordings in building foundations, the"t effect" reduction should not be used in any design
calculations. By "significant manner" I mean spectrum

Dr. Young also criticized the Tera Report for attempting to prove
the tau effect by comparing peak ground accelerations rather than
response spectra. Tr. 1095-96 (Young). Dr. Trifunac also suggested
that tau reductions, if pursued, should be based on spectral com-

parisons. Trifunac at V.8.
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amplitude variations which are significantly above
the overall "fluctuations" in recorded amplitudes.
Trifunac at V.5.

The tau effect has been described as "a very, very complex and

theoretical subject." Tr. 1286 (Blume). Not only is this true, but

it has led respected experts to strongly oppose the reductions which

have been permitted. E~., Tr. 1314 (Trifunac); Luco at S-ll;
Young at 32., This Board should rule that on the evidence of record,

there is no basis for any reductions of the Diablo Canyon response

spectra based upon the tau effect.
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B. The Diablo Canyon Response S ectra Cannot Be Reduced
for Soil Structure Interaction Effects.

Soil/structure interaction has been described as "a complex

phenomenon ... generally understood to mean the effect of physical

interaction between the building and the adjacent soil or rock

on both the response of the structure and the motions developed

in the base of the structure." Seed at IV-1. The effects, in

general, depend upon the relative stiffness of the structure and

the foundation medium on which it rests and the physical size

or mass of the structure. Id. at IV-2..

Dr. Seed has testified that soil/structure interaction

effects would reduce the spectral accelerations for the base

slab motions of the Diablo Canyon containment building by about

20 percent below those of the free field motions for frequencies

above 4-5 hertz. Id. at VI-3. This Board cannot. accept any

response spectrum reduction on the basis of soil/structure
interaction effects. The overwhelming weight of the evidence

supports a finding that no soil/structure interaction effects will be

present at Diablo Canyon. Before any response spectra reductions could

be accepted,, far more detailed and satisfactory analyses would have to
be completed.

(1) The Overwhelmin Evidence Opposes PG&E's Proposed-
Response S ectra Reductions for Sow.l Structure
Interact>on E fects.





Dr. Seed is the only witness to have suggested soil/structure
interaction reductions on the order of 20 percent, and even he

qualified this statement to note that the soil/structure interaction
reductions are not uniform but, vary from 10 to 25 percent between 4

and 20 hertz. Tr. 1400 (Seed); Seed at Vl-4.—All other witnesses,19/

to varying degrees, rejected such a reduction. Their statements are
instructive. For example, NRC Staff witness Kuo stated:

The effect of soil-structure interaction is also a
very complex phenomenon. There are many differing
modeling techniques being used to analyze such phen-
omenon.' great deal of engineering judgement is in-
volved in each of these techniques. Zn general, it
has been my experience that for structures founded
on soft soil and especially with basements, the effect
of soil-structure interaction reduces the structural
response at the foundation level. 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....
Since all major structures for Diablo Canyon are
founded on a rock site which is generally recognized
as having little or no soil structure interaction
effect, the discussion of such effect does not apply
to the seismic response assumed for the design of the
Diablo Canyon facility. Kuo at 16.

NRC witness Newmark testified that soil/structure interaction
would have negligible effect at Diablo Canyon, meaning a reduction

of less than five percent. Tr. 676-78 (Newmark). Dr. Young also

would not expect significant soil/structure interaction effects
and suggested that, before any reduction is accepted, a finite
element soil/structure interaction analysis should be performed.

Dr. Blume offered testimony on Appeal Board Question 6 but did,19/
specify any amount of acceleration reduction due to soil/structure
interaction. He merely stated it would be "significant." Blume
at VX-l.
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Young at 41. Dr. Trifunac emphasized the complexity of soil/
„ structure interaction effects and urged that "[p]hysical con-

siderations alone seem to be sufficient to make a case for truly
three-dimensional soil-to-multiple-structure (Containment

building, Turbine building, Control building, etc.) interaction

analysis." Trifunac at VI.

Finally, Dr. Luco analysed soil/structure interaction effects

applicable to Diablo Canyon and concluded that "general claims

of the conservatism of not including soil-structure interaction

are not warranted." Luco at 6-11. Clearly, the overwhelming

weight of expert opinion is that there is no basis upon which

to reduce the Diablo Canyon response spectra for soil/structure

interaction effects.

(2) A More Comprehensive Soil/Structure Interaction
Analyst.s z.s Re unbred be ore An S ectral Reductions
Can be Justified.

Dr. Seed relied upon a study by Professor Lysmer and himself

for his proposed 20 percent soil/structure interaction reduction.

See Joint Int. Ex. 58 before Licensing Board. However, the Seed

and Lysmer study is not sufficiently comprehensive to support the

20 percent reduction. Thus, as Dr. Tribunac noted, the study does

not take into account possible interaction effects between the

adjacent Diablo Canyon buildings. Trifunac at VI.3. And,both





49

Dr. Trifunac and Dr. Young call for more comprehensive, three-

dimensional, finite element analyses. Id.; Young at 41. More

important, the Seed and Lysmer study concerned only the Diablo

Canyon containment building. It is impossible to extrapolate

that study (even if its results were valid for the containment

structure) to other Diablo Canyon Category I structures, since

the dimensions and relative rigidity of the various Diablo Canyon

structures vary significantly. Tr. 690-93 (Newmark).

(3) PGGE's Soil/Structure Interaction Analysis Did Not
Accuratel Model the Diablo Canyon Containment.

Dr. Seed modeled the Diablo Canyon containment base as a

rectangular slab of concrete, 153 feet wide and 23 feet thick.

Joint Int. Ex. 58, Figure 1. Dr. Seed distinguished Dr. Luco's

hypothetical studies of soil/structure interaction and stated

that "the studies [Seed a Lysmer study] that were made for the

Diablo Canyon Plant involved a detailed study of an accurate

model of the structure, the containment structure, resting on

an accurate model as far as it can be determined by geophysical

studies of the rock or geologic formation on which the containment

structure rests." Tr. 1398 (Seed) (emphasis supplied).

However, the Seed and Lysmer study was not an accurate model

of. the containment. Rather, as shown in Joint Intervenor's
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Exhibit R-20—and as agreed to by Dr. Seed, the foundation is20/

not flat but has angles and corners (indeed the reactor core is

keyed into the rock below the rest of the foundation) which could

cause localized stresses. These angles and localized stresses

could be modeled,but were not modeled in Dr. Seed's study. Tr.

1426-27 (Seed) . This failure to accurately model the containment

base was a "significant reason that Dr. Young could not agree with

Dr. Seed's proposed 20 percent soil/structure interaction reduction.

Tr. 1109-10 (Young). Before significant soil/structure inter-
action reductions are allowed, this Board. would obviously have to

require that the underlying analyses accurately model the

structures and foundations which were, in fact, constructed at

Diablo Canyon.

(4) PGGE's Own Analysis Does Not Sup ort S ectral Reductions
for Sow,l Structure Interact>on Effects.

The Seed and Lysmer study itself suggests that it is con-

servative not to take into account the soil/structure interaction

reductions allegedly documented in that study. Thus, the study states:

In general the response at the base of the structure
is slightly less than the free field response, parti-
cularly in the high-frequency range, and this is more
true for Rayleigh wave excitation than for vertically
propagating wave excitation. However the difference
is small and it would apparently be conservative to
neglect interaction effects alto ether and sam 1 sub-
ect the structure to the rescribed control motion asif the base were rigid. Joint Int. Ex. 58, at 11
emphasz.s supplie

This exhibit was not offered into evidence but is part of20/
the record. Tr. 1426.
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The study goes on to note, however, that the rigid base assumption

understates the adverse effects of rocking at the base of the

containment structure. Id. at 11, 12, and Figure 14. See also

Tr. 1307-08 (Luco) at 6-5, 6-6 and Fig. 6-12'(problems of rocking).

In conclusion, the proposed 20 percent soil/structure inter-
'action reduction cannot be accepted. The overwhelming expert

opinion is of the view that:'no soil/structure interaction.

reductions are proper. Before reductions could be permitted,

three dimensional analyses would have to be performed for all relevant

structures. Such comprehensive analyses are all the more neces-

sary since it was established that the PG&E study did not

accurately model the base of the containment building, the only

structure which PGaE analyzed.
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V. A eal Board Question 7: Focusing of Ener From the.Hos ri
Fault Could Result in Am lified Seismic Motion at Diablo
~Can on.

7. Intervenors (Brune Affidavit, page 5) and the appli-
cant (Frazier Affidavit, Paragraph 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 accelera-
tion values fall well below the regression line mean
for the l 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.

A. Introduction

Four witnesses provided direct testimony and were cross-examined

on Appeal Board Question 7: PGEE's witnesses, Mr. Edwards and Dr.

Frazier; the Staff's witness, Dr. Rothman; and the Governor's witness,

Dr. Brune. Their testimony addresses the following issue: Could the

focusing of energy from the design basis earthquake on the Hosgri fault
result in amplitudes of ground motion that exceed the Diablo Canyon

design spectra? An affirmative answer requires the denial of an

Operating License to PGGE. In the succeeding pages, the Governor

demonstrates that the answer is affirmative.
In general, the hearing record reveals a sharp difference between

the opposing experts on Appeal Board Question 7. Witnesses Frazier,
Edwards and Rothman argue that focusing of energy will not result in
unacceptably high amplitudes of ground motion at Diablo Canyon, while
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Dr. Brune contends that focusing could.

As demonstrated below, the testimony of Mr. Edwards and Dr.

Rothman is of no probative value to the Board's examination of

Question 7. Mr. Edwards'estimony deals with theoretical representa-

tions of focusing and relates such theory to a skeletal cartoon-type

drawing at a scale of no utility to the seismological effects of

focusing in the real earth. His conclusion that focusing is "not

relevant" to Diablo Canyon (Edwards at VII-3) has been rendered

specious, not only by the overwhelming contrary evidence of record

but by the very testimony of PG&E's other witness, Dr. Frazier. Dr.

Rothman's testimony similarly lacks evidentiary weight. He 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. Tr. 591-92

(Rothman). The facts reject his claim.

Meaningful examination of Question 7 thus centers on the testimony

of Dr. Brune and Dr. Frazier, as complemented by the testimony of the

Board's experts, Drs. Luco and Trifunac. Their testimony concerns

the expected levels of ground motion that properly performed computer

m'odeling will predict for the Diablo Canyon site. On review of their
testimony and the exhibits of record, the Board should make findings
of fact consistent with the following discussion.

B. The Newmark Desi n S ectra Do Not Include the Effects ofFocuszn Associat'ed with Peak Acceleration, Despite theFact that the Hosgri Fault z.s Pose.tzoned to Focus Enerat Diablo Can on.

It is essential at the outset to define precisely why this Board
should be concerned'ith focusing at Diablo Canyon. First, the Hosgri
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fault is positioned so that energy from the design basis earthquake

could be focused at the Diablo Canyon site. Second, despite this

critical positioning of the. fault to the site, the Newmark spectrum

does not adequately include the effects of focusing. Each of these

matters is discussed below.

h
Earth uake Could Focus Enerov at. Di'ablo'an on.

Focusing is relevant to the Diablo Canyon site, and might,

along with other factors, lead to ground accelerations higher than

the 1.15g postulated in USGS Circular 672 for a M 7.5 earthquake.

Tr. 619-20 (Brune). Even under the "simplest theoretical representa-

tions," focusing can lead to accelerations amplified bv more than a

factor of two in a section of about plus or minus 5 degrees from the

direction of rupture propagation. Id. at 620. However, when inco-

herence is introduced into the rupture propagation, the beam of

focusing can be wider; and, as the Boore and Joiner study indicates,

the focusing effects in such a case are as strong as, or even stronger

than for the corresponding smooth idealized rupture. Id. at 620, 621.

This reality is completely ignored by PG&E's witness, Mr..

Edwards, who testified that focusing is not relevant to the Diablo

Canyon site. Edwards at VII-3. Thus, Mr. Edwards misrepresented Dr.

Brune's statements (Tr. 619, 621 (Brune)). and ignored the contradictory

testimony and .modeling,:results of.Dr; Frazil.er. Indeed, Dr. Frazier

stated, "I had no intentions of saying there was not focusing at

Diablo, and I did not say that in my testimony." Tr. 1366 (Frazier).

In concluding that focusing is not relevant to Diablo Canyon,

Mr. Edwards has converted Dr. Brune's "simplest theoretical representa-
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tions" of focusing into the literal centerpiece of Dr. Brune's

testimony. Edwards at VII-2, VII-4. However, Dr. Brune's testimony

is not based on the simplest of theory, because "this idealized
theoretical model does not closely represent the real situation."
Tr. 621 (Brune). The practical —as opposed to theoretical —view

of focusing for Diablo Canyon is in terms of the time corn'pression of
I

signals. Id. at 621»22; Frazier at VII-2. As such, and contrary to
Mr. Edward's implication, Dr. Brune demonstrated convincingly that
"in the real earth" the effects of focusing are not limited to plus or
minus 5 degrees. Tr. 622 (Brune). Other recent examples of focusing
are the Santa Barbara earthquake in 1978 and the Livermore earthquake

in 1980. Id. at 664.

In addition, Mr. Edwards'estimony relied on an inaccurate
and oversimplified cartoon-type drawing of the Hosgri fault in con-

cluding that the Diablo Canyon'ite is not "lined up" with the Hosgri
fault to experience focusing effects. Edwards at VII-3; Tr. 622 (Brune).
The practical effects of the focusing phenomenon and the time compression

of signals from a -propagating earthquake rupture, however, do not rest,
on the generalized simplifications of whether the fault is somehow

"lined up" on such a skeletal, drawing at meaningless scale. Dr. Brune's

testimony, instead, refers to properly scaled maps of the Hosgri fault:
one is PGSE's own map in the FSAR and the other is the official USGS

map. Tr. 622 (Brune); Joint Int. Exs. R-10 and R-ll. These maps show
'\

numerous branches of the Hosgri fault and segments which leave uncertainty
as to the precise direction of the fault at any given point. Tr. 622

(Brune). Depicted with the geologic characteristics of the real earth,
the Hosgri fault could locally point in the direction of Diablo Canyon.
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Id. See also Tr. 661 (Brune) (Dr. Brune has a degree in geological

engineering as well as seismology). Dr. Brune thus concluded regarding

Mr. Edwards'haracterization of the Hosgri fault: "the narrow limita-
tion of focusing to plus or minus 5 degrees from some imagined strai ht

line throu h the se ents is not an accurate characterization of the

true situation." Id. at 622 (emphasis supplied). Accordingly, from

both a seismologic and a geologic point of view, Mr. Edwards'on-

clusion that. focusing is not relevant to Diablo Canyon is "not

warranted'." Id. at 623.

(2) The Newmark Desi n S ectra Do Not Include the Effects of
Focusin Associated with Recorde Peak Accelerate.on.

Neither the ASLB record nor the record compiled before this
Board supports a finding that the Newmark design spectra include the

effects of focusing associated with recorded peak ground acceleration.

Indeed, the only argument that could be made to the contrary -- namely,

that the Pacoima Dam record from the 1971 San Fernando earthquake,

which was relied on heavily by Dr. Newmark in scaling to 0.75g, in-
cludes such focusing effects -- is fallacious insofar as that argument

addresses the peak acceleration o f the Pacoima Dam record. The 1. 15g peak

acceleration recorded at Pacoima Dam occurred when the rupture was

propagating in a direction away from the recording station. See ASLB

Tr. 5885-87 (Frazier and Bolt) and reference to Heaton; ASLB Brune at
3-13 and reference to Heaton. Since focusing is recorded in the direc-
tion of rupture propagation, the Pacoima Dam record does not include

focusing of energy associated with the peak acceleration. Dr. Rothman's

c'onclusion that the Pacoima Dam record did include focusing associated

with peak acceleration (Rothman at 13; Tr. 591-92) is simply erroneous.
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The effect of rupture propagation away from the Pacoima Dam

recording station would have been to de-focus energy and thus reduce

the recorded amplitudes of ground motion. Although there is no evi-

dence to establish quantitatively the-extent to which such de-focusing

might have operated to reduce the ground acceleration recordings at the

Pacoima Dam station, there is undisputed testimony on the principle
that such de-focusing occurs in the direction away from rupture pro-

. pagation. E.g., Frazier at VII-1 through 3.

Accordingly, it is important to confirm exactly what the

evidence discloses on the effects of focusing in the Pacoima Dam record:

(1) Focusing associated with the 1.5g peak ground acceleration
r

of the 1971 'San Fernando earthquake is not included in the Pacoima

Dam record.

(2) The energy which was focused at the Pacoima Dam recording

station occurred at a time when ground acceleration was about os 4g ~

ASLB Ti. 5886 (Bolt). This was before the rupture continued past the

Pacoima Dam station. After the rupture passed the station and propagated

in a direction away from the station; the pehk acceleration of 1.15g

occurred.

(3) In principle at least, the Pacoima Dam record shows the

effects of de-focusing, which would have tended to reduce the recorded

peak ground acceleration.
'(4) The Newmark design spectra, which rely heavily on the

Pacoima Dam record to scale to 0.75g,'do not include focusing effects
associated with the 1.15g peak acceleration of the 1971 San Fernando

earthquake.
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C. The Best and Most Timel Wa to Reduce Uncertainties in the
Ex ected Ground Motion at Diablo Can on is b Pro erl Per-
forming Com uter Modeling.

Computer modeling of fault rupture to simulate strong motion is
important to an understanding of the IV-79 earthquake, "especially

the effects of focusing by rupture propagation and localized con-

centrations of high stress drop, which might occur at the Diablo

Canyon Nuclear Power Plant from a'upture on the Hosgri fault."
Brune Gov. Brown at 3. The "main reason" for needing such modeling

is that there is a lack of near field ground acceleration data. Thus,

"it is not possible to establish empirically the average peak accelera-

tion at close distances (less than 10 km) for large earthquakes (M

greater than 7), nor to establish the standard deviation of peak ac-

celerations from this mean." Id.
There is only one or, perhaps, two earthquake records in the near

field for M 7 or above. Id. ,(referring to Gazli); Luco at 1-5 (Gazli

and Tabas). To be confident in predicting near field ground motion for
earthquakes M 7 and above, about 10 earthquakes of magnitude 7.5 would

have to be recorded to provide a sufficiently large and reliable data

base. Brune Gov. Brown at 3. Since these new data can be accumulated

only over a long-time period, "the best and most timely way to reduce

uncertainties in the expected ground motion at Diablo Canyon" is by

computer modeling. Id. at 3-4. Significantly, Dr. Frazier agreed in
substance, stating that, modeling, "when properly applied, predicts
earthquake motion at least as well as alternative methods." Tr. 1374

(Frazier).
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Dr. Luco and Dr. Trifunac stated that they consider computer

modeling with the parameters used by Dr. Frazier to be premature for

licensing purposes. Tr. 1146 (Luco); 1145 (Trifunac) . Significantly,
they did not testify that properly performed modeling is not feasible

or useful at this time. Indeed, the voluminous record compiled on

the feasibility and usefulness of proper modeling in the context of

this proceeding is compelling. Computer modeling of focusing effects
has also been requested by the NRC Staff for the San Onofre Nuclear

Generating Station.

Modeling as a predictive tool is not on trial here. But how to

apply modeling properly and conservatively to the focusing of energy

at the Diablo Canyon site is. That question has been answered by

Dr. Brune's testimony, by the testimony of Dr. Frazier on cross-

examination, and by Dr. Luco's review of Dr. Frazier's modeling results.

D. IV-79 Does Not Provide Evidence A ainst the Focusin of Ener
at Diablo Can on.

Dr. Frazier testified, "Recordings of the 1979 Imperial Valley

earthquake provide further evidence on the limited effects that rupture

focusing has on increasing peak accelerations." Frazier at VII-4.
Although there appears to be no strong evidence of focusing in the

peak accelerations recorded for IV-79, this fact, does not provide

evidence against the focusing of high frequency energy in general.

Tr. 626 (Brune). Indeed, based on the IV-79 data now available, Dr.

Frazier's implication to the contrary is "misleading," because it is
based on Dr. Frazier's assumption that the energy release in IV-79

occurred along the more or less continuous rupture from the epicenter
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northwestward beyond- the stations in the El Centro Array. Id.

However, the velocity and displacement records for IV-79, especially

those from Mexico, "strongly suggest that this is not correct." Id.

at 627.

The sharp velocity and displacement pulses recorded south of the

U.S.-Mexico border "clearly suggest that the earthquake cannot be

represented by the continuous, uniform rupture to the northwest."

Instead, the'earthquake may be better represented as a sequence of

multiple events. Id. This better representation of the IV-79 earth-

quake "would explain the lack of evidence for focusing." Id. at 628.

Dr. Brune concluded, "Thus, it may be that focusing from a more con-

tinuous rupture would have led to even higher accelerations." Id. at

627.

E. PGaE's Modelin Demonstrates that Focusing of Energ from the "

M 7.5 Desi n Basis Earth uake on the Hosgri Fault is Ver
Sz. nxfzcant at the Diablo Can on Sate.

Despite arguing vigorously earlier in this proceeding against the

merits of computer modeling, PGGE introduced at the reopened hearing

modeling results that purport to show that focusing is not significant
at Diablo Canyon. Frazier at VII-4, 5. However, the "proper

conclusion"'o

draw from the modeling results "is not that focusing is not significant
but rather that focusin is ver si nificant." Tr. 630 (Brune) . Dr.

Brune further stated that, "The computer modeling results presented in

the testimony of Dr. Frazier have confirmed and strengthened my previous

estimation of the feasibility and importance of computer modeling to

understand strong ground motion at Diablo Canyon from a postulated

magnitude 7.5 earthquake on the Hosgri fault. Id. at 631-32.
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As demonstrated above (Section V.B(l)), the Diablo Canyon site

is positioned for significant focusing from a rupture propagating

along the Hosgri fault. See Tr. 628-29 (Brune) . Construing Dr.

Frazier's testimony to the contrary would be supported neither by the

substance of his testimony nor by the developmental studies performed
21/

for his computer model. Id. at 628. Indeed, Dr. Frazier emphasized

that he is not saying that there is not focusing at Diablo Canyon.

Tr. 1366 (Frazier). Moreover, in the Tera Delta report for San

Onofre, Dr. Frazier concluded that focusing is clearly indicated

for the San Onofre plant site, which is eiciht kilometers from the

postulated fault. Joint Int. Ex. R-7, at VI-l. "If focusing occurs

so obviously for the San Onofre site at a distance of eight kilo-
meters from the fault... it certainly could occur for the Diablo

Canyon site at a distance o f only 5. 8 kilometers. " Tr. 628-29

(Brune). The record, accordingly, discloses that focusing is sig-

nificant at Diablo Canyon.

Nevertheless, the effects of focusing were obscured in Dr.

Frazier's modeling results and testimony by the particular choice

of fault configurations used in the Diablo Canyon model. Tr. 629

(Brune). In particular, the Diablo Canyon model did not include

21/
The developmental studies for Dr. Frazier's model, .which cons-
titute "all prior and ongoing test calculations for past earth-
quakes," are five reports of Tera Delta Corporation: the May
1978 Final Report, "Simulation of Ground Motion at San Onofre"
and Supplements 1, 2, and 3 to that Final Report, and the
"Response to Proposed Task 4 Earthquake Ground Motion Simula-
tions for San Onofre Unit 1," dated August 29, 1979 and revised
September 5, 1979.. Tr. 473-74 (Frazier). These Tera Delta
reports, respectively, are Joint Intervenors'xhibits R-6,
R-7, R-8, R-9, and. Governor Brown's Exhibit R-9.
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fault configurations corresponding to configurations G and D in

the San Onofre modeling study. Id. "If Dr. Frazier had chosen a

unilateral fault, as was done in the San Onofre study, the effect
of focusing would have been clearer, since curve G would have been

lower." Tr. 629 (Brune).

Moreover, other limitations have obscured the effects of

focusing. Tr. 629 (Brune) . The "time functioning for fault slip
has been forced to be the same at all points of the fault." Id.

For an actual earthquake starting near the site and rupturing away

from it, however, "fault slip near the initiation would not develop

to the final slip values until some distance down the fault." Id.

Thus, a fault configuration in the Diablo Canyon model corresponding

to configuration G of the San Onofre report would have even lower

response spectra. Id. at 629-30. Similar conclusions follow for

the peak accelerations listed in Tables VII-1 and VII-2 of Dr.

-Frazier's testimony. Dr. Brune thus concluded, "The peak accelera-

tions for configuration G are low because of the focusing, and the

effect would have been more obvious if the configurations mentioned

above (i.e., G and D in the San Onofre report) had been presented."

Id. at 630.

Another factor which has obscured the effects of focusing

concerns the attenuation parameters used in the model. These para-

meters attenuate high frequency energy too quickly, thus preventing

energy from distant parts of the fault from arriving at the station.
Id-
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Accordingly, the proper conclusion to draw from the record

is that focusing is significant at Diablo Canyon, but its effects

have been obscured by the modeling performed by PG&E. Tr. 630

(Brune). Dr. Brune stated, "The parameters used in Dr. Frazier's

model, such as dynamic stress drop, rupture velocity, attenuation,

fault configuration, and randomness have been chosen in such a way

that the effects of focusing are not as obvious as- they were in the

San Ono fre s tud y, Supplement 1, Joint Intervenor s Exhibit R-7 . " Id.

If these parameters are assigned conservative values, expected ground

motion at Diablo Canyon would exceed the Newmark spectra, as demons-

trated in the next Section.

F. PGaE's Com uter Modeling of Focusing, if Corrected to Use
Conservative Parameter Values, Predicts Accelerations that
Excee the Newmark Des' Spectra.

Both Dr. Brune and Dr. Frazier agreed that the basic technique

of computer modeling is useful and effective for predicting expected

ground motion at Diablo Canyon. Brune Gov. Brown at 3; Tr. 631-32

(Frazier). However, the results of Dr. Frazier's modeling of

focusing at Diablo Canyon are misleading and not conservative.

Dr. Brune testified that. the Diablo Canyon modeling results "do not

represent reasonable variations in model parameters which will indi-
cate conservative conclusions." Tr. 632 (Brune). Rather, "Dr.

Frazier's results represent only one set of the parameters important

to the results and not reasonable variations in these." Id. In

nearly all cases studied, the parameters used by Dr. Frazier "appear

not to be conservative." Id. at 632, 821, 824. Moreover, there is
no means through which to gain an understanding of the "physics"

the physical basis —of the randomness parameters. Id. at 821.
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In fact, there is no physical basis for such randomness.

Significantly, Dr. Brune concluded, "When the response spectra

and peak accelerations given by Dr. Frazier in his testimony are

corrected by amounts estimated by previous documentation of Tera

Delta computation procedures to correspond to conservative values,

the clearl exceed the Newmark design spectra for Diablo Can on."

Id. at 632. The following supports this conclusion:

1. The mean spectra and accelerations presented by Dr. Frazier

are "quite close" to the Newmark spectra. Tr. 632 (Brune). When

dip of the Hosgri fault toward the plant is introduced, the response

spectra almost touch the Newmark curves. Id. at 633; Governor'

Exhibit R-10; Tr. 511-13 (Frazier). When a realistic standard de-

viation is added to these curves, "they will exceed the Newmark

spectra." Tr. 632 (Brune) . It is essential to add such a standard

deviation in this instance, because the parameter values are not

conservative.

2. The effects of geologic structure —mainly the Q values

have been shown by Dr. Frazier's own parameter studies to result in

approximately 80 percent higher response spectra at San Onofre than

in the Imperial Valley for the same earthquake source mechanism.

Joint Int. Ex. R-7, Figure IV-13; Tr. 633 (Brune). The Diablo

Canyon structure is similar to the San Onofre structure with higher
rigidities and thus lower attenuation at shallower depths. Tr. 633

(Brune); 478-79 (Frazier) . Thus, if the same source mechanism that
occurred in IV-79 occurred in the Diablo Canyon structure, the

response spectra at Diablo Canyon would necessarily be hiciher.

Tr. 633 (Brune); 485-86, 495 (Frazier).
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The Q values used in Dr. Frazier's model have been clearly

demonstrated to be substantially too low. Tera Delta's August 1980

report provides further evidence of the need to constrain —i.e.,
increase —Q values. Joint Int Ex. R-7, at V-5. In reference

to that report, Dr. Frazier acknowledged that the Q values "are

probably too low." Tr. 494 (Frazier). Dr. Luco stated, in his

review of that report, that there is a need to establish "realistic
values for Q." Joint Int. Ex. R-17, at 4.

High frequency responses are significantly influenced by Q

values. Tr. 486 (Frazier). Low Q values lead to lower responses

than do 'higher Q values. Joint Int. Ex. R-6; Tr. 486 (Frazier).

An increase in Q values, therefore, would increase ground motion at

Diablo Canyon. Id. at 490-92, 515; Gov. Brown Ex. R-9, Figure III-15.
Moreover, the low Q values used in Dr. Frazier's model have "ex-

cessively attenuated high frequency energy traveling large distances

and thus artificially reduced the effectiveness of focusing." Tr. 647

(Brune). This also "artificiallydecreases constructive interference

for larger magnitude earthquakes." . Id. at 653.

3. The value used for dynamic stress drop in Dr. Frazier's

model is approximately 40-50 bars and is not conservative. Tr. 637

(Brune). A conservative value would be 100 bars, and the possibility
of localized stress drops up to 500 bars should be considered. Id.
at 637; Brune Gov. Brown at 7. Tera Delta's parameter studies show

that in the frequency range 2-10 hz, the response spectra are es-

sentially linear with respect to dynamic stress drop. Therefore,

if the spectra in this frequency range are multiplied by a factor

of two —i.e., from 50 to 100 bars —the calculated response
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spectra exceed the Newmark design spectra. Tr. 637-38 (Brune).

4. Dr. Frazier's model does not adequately predict the ac-

celerations actually observed in the IV-79 earthquake at stations

a few kilometers from the fault, being consistently too low by a

factor of about two. Tr. 647, 869-72 (Brune); 1148-49 (Luco);

Joint Int. Ex. R-17.

5. Dr. Frazier's modeling does not adequately study the effects

of varying geologic parameters. No variation of the position and

direction of the fault has been modeled to determine what would

be the effects of the differences shown on the actual geological

maps of the area. Tr. 648 (Brune). Moreover, there are differences
a

between the map presented by PGGE in the FSAR, Joint Int. Ex. R-10

(the "FSAR map"), and the official U. S. Geological Survey map.

Joint Int. Ex. R-ll (the "USGS map"). Had Dr. Frazier modeled the

Hosgri fault as depicted, on the USGS map —.— where it is only 3.8 kilo-
meters offshore from the Diablo Canyon site -- "the calculated ac-

celerations would be, higher." Tr. 648 (Brune)..

Furthermore, Dr. Frazier's model did not specifically model the

effects of a rupture on the splay fault shown on the FSAR map.

This splay fault is positioned from the Hosgri to the east and points

d~irectl at the plant. Tr. 648 (Brune) . Dr. Frazier testified
that his model "considered" the, splay fault "indirectly" or by

analogy to past earthquakes, because the model is based on extrapola-

tions of some past earthquakes that occurred on faults that have

these "kinds" of splays, and "in that sense it is a part of the

model to that degree." .Tr. 309-10, 313-15, 317 (Frazier). However,
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contrary to Dr. Frazier's general suggestion, the indisputable

fact, of record is that a rupture propagating along the specific

configuration of the Hosgri fault and,the splay fault shown on the

FSAR map has not been actually modeled in this proceeding. Dr.

Frazier himself made .this clear in response to a question on this

specific point. Thus, Dr. Frazier testified, "No, I have not done

computer simulations with rupture proceeding down that splay. No,

I have not done that." Id. at 313-14.

There is thus no factual record on which this Board could con-

clude that an earthquake rupturing on the splay fault or from the

Hosgri onto this splay fault would not produce unacceptably high

accelerations at the Diablo Canyon site. The fact that past earth-

quakes which were considered by Dr. Frazier in calibrating his model

included a rupture that "probably hopscotches around a little bit
as it proceeds basically down the main trend of the fault" (Tr. 316

(Frazier)) clearly is unsatisfactory to fill this critical eviden-

tiary gap. Indeed, Dr. Brune testified that a rupture on the splay

fault "could lead to a maximum of focused energy toward Diablo Canyon

Nuclear Power Plant." Tr. 648 (Brune).

6. Dr. Frazier's model "does not appropriately allow for a

change in slip function with magnitude, in particular an increase

in dynamic stress drop with a magnitude corresponding to the well

documented increase in fault slip with magnitude." Tr. 652 (Brune).

Moreover, since the high attenuation —i.e., low Q values —used

in the model prevents high frequency energy at distant parts of the

fault from arriving at the station, the model "artificially decreases

constructive interference for larger magnitude earthquakes. Id. at
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652-53. The model, therefore, cannot —unless the parameters

now used are corrected —predict "real variations in peak ground

accelerations with magnitude in the range 6.5 to 7.5." Id. at 653.
I

7. The computational results of Dr. Frazier's model do not.

take into account the possibility of anomalously high stress drop.

Tr. 653 (Brune). Localized concentrations of 500 bar stress drops

should be considered, because these "could lead to considerably

higher accelerations than shown in the results presented in Dr.

Frazier's testimony." Id. at 660. Also, the possibility of a 500

bar stress drop over a five-kilometer zone near the plant and/or on

the splay fault shown on the FSAR map should be considered. Id. at

660-61. Conservative values for stress drops would be an average of

100 bars and local concentrations of 500 bars. Brune Gov. Brown at 7.

If these values were used in modeling for Diablo Canyon, the Newmark

design values and response spectra "would be exceeded." Id. at 662.

It is essential that. stress drop values be sound because the

"main physical parameter necessary as an anchor value for the numerical

modeling is stress drop." Brune Gov. Brown at 7. If there were a M

7.5 earthquake on the Hosgri fault, there is no reason to believe

stress drops would not be at least as high as in the Imperial Valley.

Tr. 863-66 (Brune). Indeed, the capability for high stress drops

on the Hosgri fault appears greater than in the Imperial Valley.

Id. at 864. The Imperial Valley has a history of average low stress

drops with some high stress drop earthquakes occurring in it. Id. at

864-65. There has not been an earthquake on the Hosgri fault comparable

with IV-79 since the time...that, instrumentation..has been in place to

determine the level of. stress drops. Id. at 865., However, the
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amount of seismicity is not a significant indicator of the level

of stress drop to be reasonably expected if a large earthquake

occurs. Tr. 872 (Brune).

Moreover, there is a difference in the geologic character of

the Imperial Valley and Hosgri .areas that supports the conclusion

that high stress drops could be experienced in the design basis

earthquake on the Hosgri fault. Accordingly, Dr. Brune testified:
In the Imperial Valley you have a high temperature
gradient. You have sediments and concentrations
of water in these sediments. All of these things,
based on our present understanding of earthquake
mechanisms and the studies of friction, would in-
dicate that if any place, the Imperial Valley would
not be capable of having as high stress drops as
the rest of California; for example, in San Fernando
where the rocks are not the same way.

So the only physical arguments that I can think
of argue that the capability for high stress drops
would be larger in areas outside the Imperial Valley
than they are in. Id. at 863-64.

In light of the foregoing, it. is clear that Dr. Frazier's

modeling of the Hosgri fault is not an adequate study, "but rather

one specific calculation in which several important parameters have

been given values that are not conservative. If these parameters

had been assi ned conservative values, the Newmark spectra would

have been exceeded, based on the sensitivit studies resented in
revi;ous Tera Delta re orts." Tr. 649 (Brune).

Dr. Luco also identified "errors" in Dr. Frazier's model and

the Tera Delta reports. Tr., 1147-50 (Luco) ., Certain critical
deficiencies in the Tera Delta report for IV-79 (Joint Int. Ex. R-9)

are set forth in Dr. Luco's report to the NRC Staff, dated September 28,

-1980. See Joint Int. Ex. R-17; see also Dr. Luco's report, on Tera
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Delta's Supplement 1, Joint Int. Ex. R-19. The value of Dr. Luco's

criticisms of Dr. Frazier's modeling results, as well as those of

Dr. Brune, is in their constructiveness. Indeed, these criticisms

translate into positive recommendations that, if adopted,

prove the quality and reliability of Dr. Frazier's modeling results.

The Governor submits that these constructive criticisms should be

promptly adopted to rectify the modeling results presented in

Dr. Frazier ' testimony.

G. The Expected Effects of Focusing at Diablo Can on Re uire
that the 0 eratin License be Denied.

This Board faces a sharp disagreement between experts on what

levels of ground motion to expect at Diablo Canyon. Dr. Frazier

contends that the Diablo Canyon plant —as now designed —will
not experience unexpectedly high accelerations from the design

basis earthquake. Dr. Brune, however, concludes that. the results
of modeling with conservative parameters will predict ground motion

from the design basis earthquake that. exceeds the design spectra of
the Diablo Canyon plant. Tr. 632 (Brune).

Throughout the earlier phases of this proceeding and in tes-

timony before this Board, Dr. Brune has consistently recommended

computer modeling as the "best and most timely way" to predict
expected ground motion at Diablo Canyon. Brune Gov. Brown at 3-4.

Dr. Fiazier similarly states that modeling, "if properly performed," is
an effective predictive tool. Tr. 1374 (Frazier). To properly perform

modeling, Dr. Brune has recommended a practical and conservative

means that would use conservative parameter values and would analyze

reasonable variations of the parameters based on soundly derived

physical data. Dr. Brune has concluded —and the Governor submits
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that the Board must so conclude as well —that Dr. Frazier's

modeling does not constitute such a satisfactory conservative

approach, because Dr. Frazier has neither used conservative para-

meter values nor conservatively analyzed reasonable variations of

the parameters.

In light of the evidence of record on Question 7, the Governor

requests this Board to make one of the following alternative

findings:
1. To conclude that Dr. Frazier's modeling —if

corrected to reflect conservative parameter values

and conservative reasonable variations —demonstrates

that the expected ground motion at Diablo Canyon ex-

ceeds the Newmark design spectra. Should the Board

make this finding, the Board must also find that
PGGE has failed to satisfy the NRC's regulations and,

hence, must be denied an Operating License.

OR

2. To conclude that PG&E has not met its evidentiary
burden of proof, required by law, on the issue of
expected ground motion at Diablo Canyon. Should the

Board make this finding, the Board should also find
that:
(a) The evidence of record does not support PGGE's

claim that the expected ground motion at Diablo

Canyon will not exceed the design spectra of
the plant;
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(b) The evidence, to the contrary, strongly
indicates precisely the opposite: namely, that
the expected ground motion will exceed the

design spectra of the plant; and

(c) PG6E must perform properly the essential

computer modeling by using conservative para-

meter values and reasonable, conservative

variations.

Should the Board select the latter of the above two alterna-
tives, the Governor requests that the Board establish procedures

to 'ensure that. the necessary computer modeling will be performed

on a methodological basis satisfactory to all participants in this
proceeding. To that end, the Governor requests that the Board

appoint a "Steering Panel" to stipulate, on an expeditious time-

schedule, the parameter 'values and reasonable variations to be used

in the computer modeling. As the point of departure, the Governor

recommends that Dr. Brune and Dr. Frazier be members of this Panel.

The NRC Staff, of course, should also be represented on the Panel,

as should the USGS and the Board through one of its own consultants,
if the Board so deems desirable. If there were disagreement among

the Panel members, prompt recourse could be provided for access to
and resolution by the Board.
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VI. Appeal Board Question 8: The El Centro Steam Power Station
Data Do Not Provide Important Information for the Diablo
Can on Lz.cense.ng Proceeds.n

8. We have received preliminary reports of the
effect of IV-79 on the El Centro Steam Power
Station. (Board Notification December 17, 1979,
Levin and Martore Observations; Rothman —Kuo
Affidavit, p. 12). In many respects, the
structures and systems of that facility resem-
ble 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.

The general thrust of the PGGE and NRC Staff direct testimony

on Appeal Board Question 8 was that, the lack of significant damage

at the El Centro Steam Power Station ("Steam Plant" ) confirms the

alleged conservatism of the Diablo Canyon design. Newmark*at 16-17;
Blume at VIII-10; Gangloff at, VIII-9. This conclusion is not

justified. The Steam Plant is significantly different from

Diablo Canyon, making direct comparisons speculative at best.
Further, the data contained in'NUREG/CR-1665 (NRC .Staff

Ex. R-1) demonstrate that the Steam Plant structures and systems

analyzed in the testimony were not significantly overstressed.

Accordingly, no significant conclusions for Diablo Canyon may be

drawn from the experience of the Steam Plant during IV-79.
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A. The El Centro Steam Power Station and Diablo Can on
Are Not

Simz.lar.'ontrary

to the statement in Appeal Board Question 8, the

structures and systems of the Steam Plant and Diablo Canyon are

considerably different. First, and most obvious, the Steam

Plant turbine building is composed of structured steel frames,

with reinforced concrete shear walls, while the major Diablo

Canyon structures are constructed of reinforced concrete. NRC

Staff Ex. R-l, at 19. Steel structures have far greater ductility
than reinforced concrete, as demonstrated by comparing the IV-79

experience of the Steam Plant with the Imperial County Services

Building.

Second, the significant natural frequencies of the Steam

Plant and Diablo Canyon differ tremendously. At Diablo Canyon,

the frequencies of greatest interest are above 4 hertz. Tr. 1422

(Seed). However, the first mode building frequencies at the Steam

Plant are approximately 2 hertz and those of the piping system

analyzed by Mr. Gangloff were approximately 1 hertz. NRC Staff

Ex. R-l, at. 27; Tr. 1344 (Gangloff). See also NRC Staff Ex. R-l,

at 9 (El Centro piping systems hung in more flexible manner than

required by NRC criteria). Further, the piping system analyzed

by Mr. Gangloff had a design pressure of 175 psi, far below the

2000 psi pressures common at PWR's like Diablo Canyon. Gangloff
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22/
at VIII-5. Clearly, general conclusions regarding the degree

of reserve capacity, if any, of Diablo Canyon cannot be drawn

from the Steam Plant experience absent explicit data which demon-

strate that the structures and systems at the plants are, indeed,
23/

comparable.

B. The El Centro Steam Power Station Was Not Overstressed

Dr. Newmark estimated that the Steam Plant should be

able to accommodate a spectral response acceleration of approxi-
24/

mately 0.4g. Dr. Newmark then concluded that, the building was

overstressed 3-4 times. Newmark at 16-17. Dr. Blume similarly

concluded that the building was overstressed. Blume at VIII-3.

The evidence, however, contradicts the conclusion that there was

a significant overstress situation.

22/ NUREG/CR-1665 states that no high pressure and high tempera-
ture piping at El Centro failed during IV-79. NRC Staff Ex.
R-l, at 9. The Staff witness admitted, however, that the
Staff had performed no analyses regarding such systems and
thus, again, it is impossible to know whether the systems are
comparable to those at Diablo Canyon. Tr. 1344 (Knight).

23/- The NRC Staff has noted that the Steam Plant is similar in
design and types of equipment to older operating nuclear
power plants. NRC Staff Ex. R-l, at XIII, XV. The clear
implication is that the plant is not similar to new plants
such as Diablo Canyon.

24/ Dr. Newmark's estimate of 0.4g may be low since the Steam
Plant was designed to handle the lateral loads equivalent.
to a horizontal force of 20 percent of the dead as well as
the live load. NRC Ex. R-l, at XV, 20, 37.





76

NUREG/CR-1665 provides the results of a detailed, 3-dimen-

sional dynamic analysis of the Steam Plant. This analysis, which
25/

takes into account the effects of soil/structure interaction,
was based on the time history of the earthquake motions recorded

ze't

USGS Station 5165 during the IV-79 event. The results

of the analysis are that the maximum structural acceleration

experienced by the Steam Plant ranged from 0.37g to 0.40g in the

East-West direction and from 0.51g to 0.55g in the North-South

direction. NRC Staff Ex. R-l, at 29. Further, the maximum

25 / The PGGE analyses by Dr. Blume and Mr. Gangloff were based
upon a fixed base assumption, thus ignoring soil/structure
interaction effects. Tr. 1343 (Gangloff and Blume); Blume
at VIII-2. While such an assumption was made for Diablo
Canyon in the Hosgri reanalysis, it is not justified at
the Steam Plant which is founded on soft alluvium. The
NRC Staff indicates that, soil/structure interaction effects
are important to an analysis of the Steam Plant's response.
NRC Staff Ex. R-l, at 25-28, 38.

USGS Station 5165 is located 0.85 km from the Steam Plant
at the south end of the El Centro Differential Array. It
had horizontal accelerations of 0.49g and 0.35g and a vertical
acceleration of 0.66g. NRC Staff Ex. R-l, at 5-7; Young at 4.
However, given the 0.85 km distance from the plant, the Staff
cannot be sure that the plant did experience these accelerations.
NRC Ex. R-l, at 5-7. The instrument at El Centro Station 9,
also located near the plant, had smaller accelerations of 0.40g
and 0.27g horizontal and 0.38g vertical. NRC Ex. R-l, at 5-7;
Young at 4. Thus, the acceleration inputs used in the Staff's
analysis of the, Steam Plant appear to be the upper bounds of
what, may have been experienced. ~
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predicted base shear values resulting from IV-79, as computed

in the Staff's analysis, agreed closely with the design base

shears. Id. at XV, 30, 37. Therefore, the building suffered
27/

no damage because it was not overstressed.

PGGE Witness Gangloff concluded that the El Centro piping

system which he analyzed had been severely overstressed. Gangloff

at VIII-6 thru VIII-8. His conclusions cannot be accepted.

First,.-the fixed base analysis which provided the
floor'esponse

spectra greatly over-estimated building response,

particularly at the 1 hertz frequency of the piping system.

Floor response spectra for elevations 949 and 969 are presented

in NUREG/CR-1665. NRC Staff Ex. R-l, at 65-70. These show

that the response in the East-West direction at 1 hertz was

approximately 0.3g at each elevation and 0.5g in the North-South

direction. Id. at 65-68. The actual response of the piping

systems may have been even lower since the response spectra for

27/ The reason why the Steam Plant was not overstressed can
be demonstrated from the computed building frequencies
and the input response spectra provided in NRC Staff Ex.
R-1. The first mode building frequencies in the North-
South and East-West directions were both about 2 hertz.
NRC Ex. R-l, at, 27, 71-72. The input response spectra
indicated a response acceleration of about 0.55g in the
East-West direction and 0.9g in the North-South direction
for seven percent, damping. Id. at 46-47. However, higher
damping was used in the Staff 's model to account for soil/
structure interaction effects. Id. at 25-28. Hence, the
actual calculated response at first mode building fre-
quencies was about 0.35g in the East-West direction and
0.5g in the North-South direction. Id. at 29.
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both horizontal directions fall rapidly at low frequencies. See

id. Accordingly, the piping system, similar to the'building, was

not overstressed.

Second, Hr. Gangloff calculated the maximum pipe stress

at node point 3810 as 131.7 ksi, compared with an allowable

stress of 36 ksi. Gangloff at VIII-7. For an elastic analysis

such as performed by Mr. Gangloff, stress is proportional to

displacement. The Steam Plant piping system analyzed by

Mr. Gangloff was restrained at node point 3230 by a handrail

which permitted only 2.8 inches of displacement at that point.
Id. at VIII-6. Therefore, since the displacement was 2.8

inches and not 21 inches as listed (Id. at VIII-7), the maximum

stress at node point 3810 would be (2.8/21) times 131.7 ksi,
or only 17.6 ksi. Since the allowable stress was 36 ksi, the

piping system was not overstressed.

In conclusion, the Board should find that, the Steam Plant

experience during IV-79 does not. provide relevant data for
Diablo Canyon. As noted by the Satff, considerable further
analysis is required before the Steam Plant's response to IV-79

is fully understood. NRC Staff Ex. R-l, at 38. Until that
work is accomplished and detailed analyses are performed, no

conclusions relevant to Diablo Canyon can be drawn.
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VII. A eal Board Question 9:. The M 7.5 Desi n Basis Earth uake
i;s A ro riate for Diablo Can on.

9. In addition to answering our questions about infor-
mation from the Imperial Valley earthquake, we would
like the parties to address Paragraph,E on page 6 of
the McMullen affidavit (included with the Staff Response
to Joint Intervenors'otion to Reopen). That paragraph
states that, "in its geologic and seismologic review of
the Point Conception LNG site, the USGS reported that
'Exi.'sting 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 th'at 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.

Appeal Board Question 9 concerns whether M .7.5 is appropriate

for -the Diablo Canyon~:.design'asis earthquake on 'the Hosgri fault or

whether new data or interpretations of prior data would lead the

USGS to recommend an event of lesser magnitude. The evidence pre-

sented at the hearing was clear: while USGS continues to investigate

the offshore faults and seismic history in the Diablo Canyon vicinity,
USGS still recommends a M 7.5 event as the design basis earthquake

for the Diablo Canyon facility.
In 1976, USGS stated its position regarding whether the 1927

Lompoc earthquake must be assumed for Diablo Canyon licensing purposes

to have occurred on the Hosgri fault.
Figure 1 shows that segments of the Hosgri fault zone,
the Lompoc fault, Purisima fault, and Lion's Head fault
occur within the error circle of Gawthrop and error
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ellipse of Engdahl for the 1927 earthquake. However,
all of the faults are outside of the area designated
by Smith as the 'inferred distribution of aftershock
sequence of the 1927 earthquake.'he 1927 earthquake,
therefore, cannot. be unequivocally located on any one
of these faults. The Hosgri fault, however, is closer
to the center of the, estimate of error than the other
faults and, therefore, must be considered, as a possible
fault on, which to locate the earthquake. McMullen at 4.

Zn July, 1980, USGS"basically reaffirmed this position in a letter to

the NRC:

The geology and seismology reports which the USGS
reviewed for the Point Conception LNG Site do include
data not on record for the Diablo Canyon Nuclear Power
Station because the LNG review was undertaken after
transmittal to the NRC of our Diablo Canyon position,
dated April 29, 1976. However, no data in the LNG
reports provide a basis. for the USGS to change our
position regarding the Diablo Canyon Nuclear Station
as stated in our transmittal to NRC, dated April 29.
Even though the LNG reports provide additional data
there still remains ambiguities in the location of
the November 4, 1927, earthquake. These ambiguities
require the conservative assumption that all candidate
faults, such as the Hosgri and Lompoc faults, be
considered as structures on which the earthquake could
be located. Xd. Attachment.

The USGS expressly agreed with the above statement in testimony filed
in the reopened proceeding, stating: "the new data and conclusions

contained in the LNG reports have no impact on the stated conclusions

or position of the USGS concerning the Diablo Canyon Nuclear Power

Plant, Units 1 and 2." Devine and Yerkes,,at 3-4. The NRC Staff
agreed that the continuing USGS work has no impact on this licensing
proceeding and that the 1927 Lompoc earthquake must be considered to

have occurred on the Hosgri fault. McMullen at 4-5.





At the reopened seismic hearing, the USGS witnesses reiterated
their view that the Hosgri fault must still be considexed . a candidate

site for the 1927 Lompoc earthquake. Tr. 951 (Devine). They also

indicated that even if the Lompoc earthquake were on a different
fault, the Hosgxi would still'need to have a large magnitude earth-

quake assigned to it i'n view of the strike slip and high angle

reverse movement charactexistics associated with the Hosgri. Tr.

968 (Devine). In view of the foregoing, there is no basis for recon-

sideration of the assignment of M 7.5 as the design basis earthquake

for Diablo Canyon.





82

VIII. Conclusions of Law

The probative evidence of record demonstrates that
PGGE has failed to design the Diablo Canyon Nuclear Power

Plant to withstand the maximum vibratory accelerations which

may affect the facility. Therefore, PGGE has not satisfied
the legal requirements for issuance of a full-term Operating

License, particularly the requirements specified in 10 C.F.R.

Part 100, Appendix A. Accordingly, this Board should conclude

that the Operating License must be denied.

Respectfully submitted,

Byron S. Georgiou
Legal Affairs Secretary
Governor's Office
State Capitol
Sacramento, California 95814

Herbert H. Brown
Lawrence Coe Lanpher
HILLg CHRISTOPHER AND PHILLIPS' C
1900 M Street, N. W.
Washington, D. C. 20036

Attorneys for Governor =Brown of the
State of California

December 15, 1980
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