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JOINT INTERVENORS' BRIEF
‘IN SUPPORT OF EXCEPTIONS

INTRODUCTION

_' Paéific Gas and Electric Company ("Applicant") is
seeking a license to operate the Diablo Canyon Nuclear Power
Plant ("DCNPP"), located on the California coastline about
halfway between Los Angeles and San Francisco.l/ The cen-
tral safety issue in this proceeding is whether the DCNPP is
adequately protected against earthquakeé. This is because
of the discovery - after construction was well underway - of

the Hosgri fault, an active geologic fault only four and

one-half (4-1/2) miles offshore of the plant site.

1/ DCNPP consists of two Westinghouse pressurized reactors
located on a 750 acre site, in San Luis Obispo County,
California. The units are designed to generate at
steady state power levels of 3338 and 3411 megawatts
(MWe) thermal with a net total electrical output of
approximately 2120 MWe. The Applicant is seeking
authorization to operate both units.



The;bCNPP's original design incorporated protection

against earthquakes. This protection was based on certain

assumptions regarding the maximum earthquake that the plant

’

‘could reasonably be expected to experience during its llfe-

2/

time. It turns out that the orlglna; earthquake assump-
tions were wrong.

The diséovery of the Hosgri fault and the assignment to
it of a 7.5 magni%ude earthquake capability imposed a new

set of problems that had not been considered in the original

design. ‘To deal with those problems, the Applicant and

Staff reanalyzed the DCNPP's seismic design. On the basis ~
of that reanalysis, the Applicanﬁ and Staff conclude that
the DCNPP, with certain modifications, can safely withstand

a 7.5 magnitude earthquake on the Hosgri fault.

2/ For the original design, it was assumed that the follow-
ing earthquakes could occur during the operating lifetime
of the plant:

(1) Magnitude 8-1/2 along the San Andreas fault 48 miles
- .from the site.

(2) Magnitude 7-1/4 along the Nacimiento fault 20 miles
from the site.

(3) Magnitude 7-1/2 along the off-shore extension of the
Santa ¥Ynez fault 50 miles from the site.

(4) Magnitude 6-3/4 aftershock .near the site associated
with (1). .

Safety Evaluation Report ("SER"), Supp. 4 at 2-4.
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The -Atomic Safety and Licensing Board ("Licensing
Board") agrees with the Applicant and Staff; Inlthé partial
Initial Decision issued September 27, 1979, the Licensing
Board found that the Staff and Applicant's reanalysis
demonstrated that the DCNPP can safely withstand a 7.5
magnitude earthquake on the Hosgri f;ult.é/

The Joint Intervenors filed exceptions to the partial
;nitial Decision. 'This brief is filed in support of those

exceptions.

STATEMENT OF FACTS AND
COURSE OF THE PROCEEDING

Construction permits were issued for Unit 1 on April 23,
1968, and for Unit-.2 on November 9, 1970. Constructlon was
well undexrway at both units when, in July, 1973, the NRC

4/ :
Staff learned of the Hosgri fault from a PG&E report. Safety

3/ Pacific Gas & Electric Company (Diablo Canyon Nuclear
Power Plant, Units 1 and 2), LBP-79-26, 9 NRC -
September 27, 1979).

4/ The Hosgri fault was initially discovered in the late
1960's by two exploration geologists working for the
Shell 0il Company. The geophysical data revealing the
structure was classified proprietary by the oil company
and apparently not made public until January, 1971 when
the two geologists, Hoskins and Griffiths, published
the data and their interpretation of the data in a
scientific publication. The NRC Staff, however, re-
mained unaware of the discovery until mid-1973. The
Applicant cited the Hoskins and Griffiths publlcatlon
and provided a map showing the location of the Hosgri
fault offshore of the plant site in the operatlng
license application filed in July, 1973. SER, Supp. 4
at 2-2.
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Evaluation Report ("SER"), Supp. 4 at 2-2. The Applicant's

1973 report concluded that the newly discovered fault did
not pose a threat to the.facility. Final Safety Analysis
Report ("FSAR"), Sec. 2.5, Amendment ll. Nevertheless, the
Staff requested the Applicant to investigate furtherrfhe
earthquéke potential of the newly discovqred fault. SER,
Supp. 4 at 2-2. The Staff also requested the u.s. Geolog-
ical Survey ("USGS") to review the Applicant's findings and
to provide an independent assessment of the Hosgri fault's
earthquake potential. SER, Supp. 4 at 2-2.

In Nobémger, 1974, based on preliminary assessments bi
the Hosgri fault's earthquake potential, the Staff requested
the Applicant to analyze the plant's ability to withstand an
earthquake requiring a "design value" of 0.50g.§/ ‘SER,
Supp. 7 at 1-3. The original seismic design of the facility
required a "design value" of 0.40g. SER, Supp. ll at 2-14.

The initial indications were that the as-built plant

would qualify for the 0.50g design. SER, Supp. 7 at 1-3.

5/ Reference to a "design value of 0.50g" is a shorthand
description for a complex set of earthquake (seismic)
design criteria. These criteria are embodied in the
"design response spectrum" - a model that depicts, in
terms useful to engineers, the forces associated with
an earthquake. This will be discussed in more detail
later in the brief. Infra. at 16. It is sufficient
here to note that the higher the "design value" the
greater the earthquake forces the plant must be built
to withstand.
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However, on January 28, 1975, the USGS forwarded the results

of their analysis of the Hosgri fault. The USGS concluded

that (a) ", . . an earthquake similar to the November 4,

1927 (7.3 Magnitude) . . . represents the maximum earthquake

~that is likely to occur near to the site;" and (b) ". . .

the design value of 0.5g used as a zero period acceleration
in the development of the appropriate responsé spectra is
inadequate."- SER, Supp. 1 at D-8,9.

Following receipt of the USGS January, 1975 report, the
Staff requested the Applicant to conduct additional in-
vestigations of the Hosgri fault. SER, Supp. 4 at 2-3.

The Applicant comp}eted those investigations in the fall of
1975 and forwarded its reports to the NRC Staff. .Thevre-'
ports (Amendments 19 and 20 to the FSAR) concluded that thé
maximum earthquake potential for the Hosgri fault was 6.25—
6.5 magnitude. The USGS reviewed the report,tand on January
26, 1976, informed the staff that it did not agree with that
conclusion. Instead, the USGS reiterated its position that
an earthquake - "with ; magnitude of about“7.5 - could occur
in the future anywhere along the Hosgri fault." SER, Supp.
4 at C-15. In addition, the USGS recommended thgt

the ground motion values as exemplified by -

Table 2 "Near-fault horizontal ground motion"

of . . . [Geological Survey Circular 672] . . .

for magnitude 7.5 be used to form the basis of .

a description of the earthquake postulated to
have the potential for occurring on the Hosgri
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‘ fault at a point nearest to the Diablo Canyon
— site subject to the conditions placed on these
R values in . . . [Geological Survey Circular 672].
- The earthquake so described should be used in the

derivaton of, an effective engineering .accelera-
tion for input into the process leading to the

L seismic design analysis.

& SER, Supp. 4 at C-1l6.

- - In May, 1976, the Staff announced that it had accepted
g: the USGS conclusion and would require the Applicant to

— determine the DCNPP's ability to withstand a 7.5 magnitude
;: earthquake on the Hosgri fault. SER, Supp. 4. In addition,
s the Staff outlined the engineerin; procedures to be used in

-

the reanalysis. SER, Supp.‘'4 at 3-1. Those procedures,
discussed at length later in this brief, are the center of
controversy in the.proceeding.

Approximately two yea:s“ofireanalysis followed. Dﬁring“
— o this same period, and up until June, 1978, the Staff and the
- Applicant met periodically with the Advisory Commiﬁteewon
Reactor Safeguards ("ACRS") to discuss the reanalysis. Dr.
Mihailo Trifunac and Dr. Enrigque Luco were two consultants

deeply involved in that review. Throughout, Drs. Trifunac

€

and Luco submitted comments to the ACRS critical of the pro-

t?l: ‘-.’

cedures adopted by the Staff and the Applicant for reanalysis

of the DCNPP. And, in a development perhaps unique to this

{.

proceeding, the Joint Intervenors obtained subpoenas compel-

ling the testimony of Drs. Trifunac and Luco at the evidentiary

M
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6/ :
-hearings.”  That testimony will be discussed at length later

in this brief.

Despite the concerns voiced by these consultants, in
July, 1978 the ACRS issued a letter approving the DCNPP
E‘ reanalysis.

g | The .Committee concluded as follows:

[ =

L’ It is evident from the foregoing that the design
bases and criteria utilized 'in the seismic reevalua-
tion of the Diablo Canyon’ Station for the postulated

EE Hosgri event are in certain cases less conservative

o than those that would be used for an original design.
The Committee believes, however, that there are

2 offsetting factors that lead to acceptance of these .

E‘ bases and criteria for, an already completed plant.
They include . . . (1) the fact that the Committee's

- . consultants believe that the choice of magnitude 7.5
: for the postulated Hosgri event is relatively more
_ . conservative than the values considered acceptable

for other plants; (2) because of the extent and

depth of the staff's review of the Applicant's.seismic
- reevaluation, the likelihood of an undetected error

in the seismic analyses or design is greatly reduced;
— and (3) the fact that. the population density around
the Diablo Canyon site is low. For these reasons, the
- . Committee believes that, without endorsing all details
"of the NRC seismic design bases and criteria, the use
of the Staff approach leads to an acceptable level of
safety in this instance.7/

(¥

Evidentiary hearings were held in three segments:

ol

December 4-22, 1978; January 3-15, 1979; and February 7-15,

bl

6/ Pacific Gas and Electric Company (Diablo Canyon Nuclear
Power Plant, Units 1 and 2), ALAB-519, 9 NRC
L (January 23, 1979).

% ‘ 1/ Letter from Stephen Lawrowski, Chairman, Advisory
Committee on Reactor Safeguards to Joseph M. Hendrie,
U.S. Nuclear Regulatory Commission (July 14, 1978).

=
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1979. A total of 33 days were spent.in hearings and over

10,000 pages of testimony taken. Proposed findings. were

submitted in late March and early April. On September 27,

Lot
1979 the Licensing Board issued a partial Initial Decision
addressing the seismic safety issues.”
| ARGUMENT AND AUTHORITIES

A. Introductory Statement

The only thing standing between Pacific Gas and Elec-
tric Company and an operating license are the Commission's

regulations. PG&E contends that the plant is safe, as does

- the Staff and the Licensing Board. Were it up to them the

DCNPP wouldnape¥ate. The regulations are the main stumbling
block.gf ﬁ

fhe Commissioh's regulations are intended ‘to ref%ect
the philosophy that "public safetywis‘the first, last and a

permanent consideration" in decisions to license nuclear

power plants. Consumer Power Co. (Midland Plant, Units 1

and 2), ALAB-315, NRCI-76-2, 103-4, citing Power Reactor Co.

v. Electricians, 367 U.S. 396, 402 (1961l). They command

that nuclear power plants be built with substantial margins

of safety.

8/ LBP-79-26, 9 NRC . Issuance of the Licensing Board's
partial Initial Decision was apparently delayed by the
"licensing moratorium" imposed in the wake of the Three
Mile Island-2 accident.

9/ The Atomic Energy Act plainly makes compliance with the
‘Commission's regulation a precondition to obtaining an
operating license. See, e.g., Sections 183.d, 186.g,’
187, 42 U.S.C. §22337(d), 2236(g) and 2237.
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Appendix A embodieé that pﬁilosophy: The strict criteria

that it sets down - designed to assure that nuclear power

plants can withstand the effects of earthquakes - were

written in recognition that the occurrence of earthquakes

and their possible effects on nuclear power plants were not

well understood. Public Service Co. of New Hampshire,

et al. (Seabrook Station, Units 1 and 2), ALAB-422, 6 NRC
33, 111 (1977, Mr. Farrar dissenting) (ALAB-422). And so
Appendix A, in uncompromising terms, demands substantial
margins of safety. It requires that seismic design criteria
for nuclear poweér plants reflect the "maximum earthquaﬁe ‘
potential” of the region, Sec. III(c); that nuclear power
plants bé designed.to‘Withstand the "maximum vibratory
ground motion" based on an evaluation of the "most severe
earthquake" likely to occur in thé region, Sec. v(a); thé%
earthquake faults near the plant be assignéd the "greatest
magnitudé related to that fault," which may be larger than
the "maximum“‘historical earthquake based géologic evidenée;

Sec. V(a) (1) (i); and that the "maximum vibratory accelefa-

~ tions" at the site "shall be" the design criteria, calcu-

lated by assuming that earthquakes occur on the fault at a‘
point ciosest to the plant, Secs. V(a) (l)(i)&(iv).

The Licensing Board ruled that the DCNPP is designed
adequately to safeguard the public from an earthquake in-

duced accident. That finding, however, is not rooted in. the
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standards set out in Appendix A. Instead the Licensing
Board aéplied standards fashioned by the Staff and Applicant,

standards fashioned to meet an exceptional circumstance:

.the discovery of the Hosgri fault and the need to prove that

a $2 billion nuclear facility is safe. These standards,
embodied in the various reduction factors applied to the Safe
Shutdown Earthquake (SSE) analysis - effective acceleration,
tau effect, 7% damping - as well as the Operating Basis Earth-
quake (OBE) approach, reduce the margin of safety below that
required by Apﬁendix A.

; Nuclear reactors may not be licensed unless they comply

with all applicable regulations. Vermont Yankee Nuclear

Power Corp. (Vermont Yankee Station), ALAB-138, RAI-73-4,
528-29. (ALAB-138). Staff and Applicant assurances that
the plant is safe are not énough. The Commission's regula-
tions are the definition of what is required to protect the
public health and safety, and if they are not met; the
license cannot be granted. ALAB-138 at 528; The decision
below viqlates that principie and others as well.

Before a nuclear power plantlis permitted to operate,

the party who wants to run it - not the opponent - must show

that it is safe. Consumer Power Co. (Midland Units 1 and
2), ALAB-283, 2 NRC 11, 16-18 (1975), on reconsideration,

ALAB-315, 3 NRC 101 (1976); Environmental Defense Fund v.

EPA, 548 F.2d 998, 1004-5, 1012-18 (D.C. Cir. 1976), cert.
denied 431 U.S. 925 (1977). The Licensing Board's decision

neglects that principle. In every case the confliét between
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the £estimony of Intervenor witnesses (including ACRS
experts) and that .of Staff or Applicant, are resolved favor-
able to the Applicant and staff. Their case is cloaked with
a presumption of validity, and the burden on the Intervénor
to prove that the plant is unsafe.

" The Licensing Board's decision ignores regulatory
principles that mandate a conservative approach. The task

in this proceeding - determining whether ‘the 'DCNPP is

‘adequately protected during a 7.5 magnitude earthquake -~

involves concepts at the frontier of scientific -thinking and

" relates to phenomena for which there is little observational

data. The Board's decision is critical to public health and
safeﬁy. Under the circumstances, there is a duty to con-
front and to explore fully the depth and consequences of the

problems presented. NRDC v. NRC, 547 F.2d 633, 653 (D.C.

Cir. 1976) rev'd sub nom. Vermont Yankee Nuclear Power Corp.
10/
v. NRDC, 435 U.S. 519 (1978).

The Licensing Board, however, fails to do that. 'Sig-
nificant issues were either left hanging or never addressed.
In more than one instance, the Licensing Board failed to
confront the facts and provide a reasoned basis for the

conclusions drawn. Seabrook, ALAB-422.

10/ See also, Risk and Responsibility, 205 SCIENCE 277
(July 20, 1979).
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Northern States Power Co. (Prairie.Island Nuclear Generating
11/

Plants, Units 1 and 2), ALAB-104, 6 AEC 179 (1973).

Finall&, licensing hearings are éonvenedkto test the
positions of the respective parties. If hearings are to
serve their intended purpose of providing for full and fair .
inquiry intq questions vitally affectipé the health and

gafety of the public - rather than serve as a purely dec-

orative mechanism for placing an automatic stamp of approval
on the decisions previously made by the Staff - then it is
not enough to simply compile a voluminous record. The
evidence must be judged “against the Commission's standards,
not those of the Staff. The burden of proof must be placed
where ,by law, it bélongs, on the Applicant. And the Licens-
ing Board muétmconfront all=o§,the”evidence and provide a
reasoned basis“for its decision. The failure to follow

these principles deprives the hearing process of its meaning..

1ll/ sSee also, SEC v. Chenery Corp., 34 U.S. 80, 94 (1943);
Greater Boston Television Corp. v. F.C.C., 444 F.2d
841, 851-3 (D.C. Cir. 1970) cert denied 403 U.S. 923
(1971); WAIT Radio v. F.C.C., 458 F.2d 1153, 1156

(D.Cc. Cir. 1969); wingo v. Washington, 396 F.2d4 633,
636 (D.C. Cir. 1968).
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B. THE LICENSING BOARD FINDINGS
RELATED TO THE HOSGRI FAULT
ARE ERRONEOUS

All parties and the Licensing Board agree that the

assignment of a 7.5 magnitude earthquake to the Hoégri fault
12/

is acceptably conservative. Decision at 42. Never-

theless, the Joint Intervenor's filed'exceptions to the

/

“ 13 .
Licensing Board's findings on the matter. - -The evidence

- ‘offered by the Joint Intervenors paints a very different

ficture of the Hosgri fault from tﬁat portrayed in the
Licensing Board's findings. Those findings characterize, the
Hosgri as a minor, discoﬁﬁinuous and segmented feature,
Decision at 27, that has experienced no more than 20 kilo-
meters of slip over the last 20 million years, Decision at
42, and no major cumulative slip during the last‘5 million
years, Decision at 28. The fault is not associated with
significant seismic activity, Decision -at 32, and thé
assignment of a 7.5 magnitude to it is very conservative,

Decision at 55.

*12/ The Licensing Board's decision is cited as "Detision;"

Joint Intervenors' Exceptions, as "J.I. Exceptlons-"

- Joint Intervenors' Exhibits, as "J.I. Ex.;" Llcen51ng
Board Exhibits, as "L.B. Ex.;" Applicant Exhlblts as .
"App. Ex.;" and Staff Exhibits as "staff Ex." All
cites to the transcripts are noted as "TR."

13/ J.I. Exceptions at 1-39.
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i 14/ ‘
In contrast, the Intervenors' testimony depicts the

Hosgri as a major feature that is part of a through-going
system of faults, approximately 400 kilometérs in length
with an estimated accumulated offset of 80-115 kilometersf
TR 6196-8; 6364; 9466~9696. The Hosgri fault is the likely
source of the 1927 earthqguake - magnitude 7.3, and the
assignment of a 7.5 magnitude assignment to it is appro-
priate.

We will not brief in detail our disagreement with the
Licensing Boafd's find;ngs. It is sufficient to make this
one point. In almost every case where there was a conflict
in testimony between the Joint Intervenors' witnesses and
the Apblicantxor Staff‘witﬁesses, the Licensing"BoardMl
résolved the question of fact against the Intervenor. We
contend that.such a one-sided decision ié not justified by
the record. ”Rather the Licenéing Board "view[ed] the evi-

dence presented by the Intervenors with an unjustifiably

- jaundiced eye, demanding from them what they do not expect

from the Staff or Applicant -- strict proof neither within
the grasp of any practitioner of the seismological arts norxr
demanded by the regulations." ALAB-422 at 112 (dissenting

opinion of Mr. Farrar).

14/ Witnesses for the Intervenors included: Dr. Clarence
Hall, Chairman, Department of Geology, UCLA; Dr. Eli
Silver, Associate Professor, Earth Sciences Department,
U.C. Santa Cruz; Dr. Steven Graham, Exploration Geo-
logist, CHEVRON, USA, Inc.; Dr. Hall's qualifications
are set out in J.I. Ex. 72; Dr. Silver's in J.I. Ex. 49;
and Dr. Graham's, in J.I. Ex. 48. )
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Becéuse_the Licensing Board has concluded that a 7.5
mhgnitude.earthquake ("fhe,Hosgri Earthquake") should be
used 'in the reanalysis, we turn now- to the major points of

disagreement.
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c. THE LICENSING BOARD ERRED IN FINDING:THAT
THE RESPONSE SPECTRA USED IN THE REANALYSIS
OF THE DCNPP FOR A 7.5 MAGNITUDE® HOSGRI
EARTHQUAKE WERE APPROPRIATE, CONSERVATIVE
AND REASONABLY ASSURE THE PRESERVATION OF
THE HEALTH AND SAFETY OF THE PUBLIC

Introductory Statement

The central disbute in this proceeding concerns the
response spectra used to determine whether the DCNPP can
safely withstand the effects of the Hosgri earthquake. The
Licensing Board concluded that the response spectra were
"appropriate," "conservative," and "reasonably assure the
preservation of the health and safety of the public."
Decision at 75. That conclusion is based on erroneous fact
finding and misapplication of the controlling regulation -
Appendix A. The discussion that follows shoﬁs why that is the
case. It bééins‘with‘the regulatory requirements, then moves to
evidence, and finaliy addresses the Licensing Board's decision.

Regulatoxry Requiremeﬁts M
The methodology of Appendix A is based on dfgeloping

response spectra depicting the earthquake forces  that

\

15/ The forces associated with an earthquake are described :
in terms of "acceleration," "dlsplacement" and "velocity."
TR 5492-5. These are quantities that can be and are :
measured by scientific recording devices. TR 5495-6.
"Dlsplacement" is the amount of ground movement at any
glven moment during an earthquake. It is usually measured
in centimeters. "Velocity," measured in centimeters per
second, is a measure of how fast the ground moves. "Ac-
celeratlon," usually measured as a fraction of gravity
("g"), is the rate at which velocity changes. TR 5493.
Durlng an earthquake these quantities vary as a function
of time. Thus, the "time history" for acceleration is a-
record of the acceleration experienced at a location
during a particular earthquake. TR 5496. Each time
hlstory will display a "peak" or "maximum" acceleration
which is the highest acceleration recorded. Time his-
tories are likewise recorded for velocity and displacement.
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6/

nuclear power .plants must be built to withstand. One is
developed for each structure to estimate earthquake-related
stresses that must be taken into account in that structure's
design and construction. In addition, thé response spectrum
for each structure is the starting point for developipg
criteria to test the ability of systems and components
(e.g., piping valves, motors electrical instrumentation)

within that structure to perform required safety functions

during and following an earthquake. TR 8591; 9006; 9897-

'9903.

Appendix A requires that seismic design response
spectra correspond ". . . to the maximum:vibrétory accelera-
tions at the elevaéion of the foundations of the nuclear
power plant structures . . ." Sec. VI(a), Appendix A.

These maximum vibratory accelerations are determined - in,

‘the case of capable faults -~ by assuming that the most

severe earthquake that can be associated with the fault
occurs at the point on the fault closest to the site. Sec.
V(a) (1) (i), Appendix A. In this case that means the maximum
vibratory accelerations at the DCNPP site are to be determin-
ed assumfng a 7.5 magnitﬁde earthquake occurs within 7 to 10
kilometers. The maximum vibratory accelerations "throughout
the frequency range of interest" are to be reflected in the

response spectra. Sec. V(a)(l) (iv)&VvI(a), Appendix A.

16/ The usefulness of response spectra comes from the
ability to model engineering structures by equivalent
simple damped oscillators and to estimate stresses in-
duced by the particular ground motion. J.I. Ex. 45
at 15; TR 6502; 8582.
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Evidencé
There are four principal areas of dispute: (1) the

predicted ground motion at the DCNPP site produced by the
Hosgri earthquake ‘(magnitude 7.5); (2) the use of an "effec-
tive acceleration;" (3) the reduction applied to spectra to
account for the "tau" effect; and (4)‘the use of a 7% damp-
ing factor for reinforced concrete structures. The evidence
relating to each is discussed in the four sections that
follow. |

ﬂ However, because of its significance in this proceeding,

a brief summary of the testimony of ACRS consultants, Dr.

. : 17/
Enrique Luco and Dy. Mihailo Trifunac is presented here.
Their testimony is discussed in more detail in the follow-

ing sections.

17/ Dr. Trifunac and Dr. Luco's Curriculum Vitae are L.B.
Ex. 2A and 2B, respectively. Their professional qual-
ifications, including educational and professional
experience are discussed at TR 8850-62 (Luco) and TR
8966-68 (Trifunac).
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; 18/
In written reports to the ACRS™  as well as the sworn

testimony before the Licensing Board, Drs. Luco and Trifunac
outlined their disagreement with procedures employed to
derive the response spectra used in the reanelysis. They
cohclude that (1) the Newmark and Blume response spectra
represent the near sourcelg/ ground motion associated with a
6.5 magnitude earthquake, not a 7.5 earthquake; (2) there is
no satisfactory physical basis for reducing the response

spectra to reflect so-called "effective accelerations"; (3)

reduction for the "“tau effect" has not been proven appro-

U priate for the Diablo Canyon site; and (4) use of 7% damping

for reinforced concrete structures is not conservative and
not adequately supported by avallable data.

Dr. Luco concluded that the methods’ employed in the
reanalysis do not permit him to derive reliable conclusions
about the structural response at the DCNPP for the Hosgri
earthquake. TR 8866. In the event of 7.5 magnitudevearth-
quake, structural response will likely be nonlinear in the
inelastic range. TR 8867-70. No anal&sis has been pre-

sented of the response in that range. TR 8867. Dr. Luco's

. principal recommendation is that an inelastic analysis be

performed on the structure. TR 8894; 8933.

18/ Dr. Luco and Dr. Trifunac describe their part1c1patlon
in the ACRS review at TR 8862 (Luco) and TR 8868-70
(Trifunac).

19/ "Near source" as used in the brief means within 10
kllometers of the earthquake source.
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Dr. Trifunac's opinion is that a 6.5 ﬁagnitude earth-
quake is reasonable for the reanalysis. On thlS basis he
concludes that the DCNPP structures - with the exceptlon of
the turbine building - are reaSonably designed to withstand
the forces associated with a 6.5 magnitude earthquake onrthé
Hosgri. TR 9187; 9237; 9263. However, ‘this statement is
limited to structures and does not apply to the equipment
within the structures. TR 9195. Equipment testing and
analysis is based on unreliable and ‘non-conservative cri-
teria resulting from reductions to the response spectra for
the so-called tau effect and use of 7% damping. TR 9006-7.

Dr. Trifunac's principal recommendations are that (1) a

. three-dimensional soil structure interaction. analysis,

and/or (2) an inélastic‘ana;ysig of the structural response
be performed. |

1. Ground Motion in the Free Field’

This section discusses evidence relating to ground
motion at the DCNPP site"prodﬁced by the Hosgri earthquake.
We begin with Geological Survey Circular-672, "Ground Motion
Values for Use in the Seismic Design of the Trans-Alaska
Pipeline System." J.I. Ex. 45.

Circular 672 was written for the seismic design of the
Trans—-Alaska Pipeline System. It provides the maximum

values of ground acceleration, velocity and displacement
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expected within 10 kilometers of earthquakes of different
magnituées. These values are for ground motion in the.free
field unaffécted by the presence of a structure. They are
based solely on seismological data and pfinciples and have
not been modified to reflect soil structure interaction, de-
formational processes within the structure, or the importaﬁce
of the struétures to be deéigned. J.I. Ex. 45. Circular
672 at 3. Finally, the values "are ﬁot the maximum possible."

»

Id. at 4.
The values assigned to earthquakes of magnitude 5.5;

20/
6.5; 7.0; and 7.5 are provided below.

Acceleration (g) Velocity (cm/sec) Displaceneﬁt

Magnitude Peak absolute values Peak absolute values (cm)
7.5 : 1.J5 1.00 0.85 0.65 135 115 100 70
7.0 '1.05 0.90 0.75 0.55 120 100 85. 55
6.5 : 0.30 0.75 0.60 0.45 100 80 70 40
5.5 0.45 0.30 0.20 0.15 50 40 30 ’ 15

Up to magnitude 6.5, the values are based on strong
motion data. For magnitude 6.5, the values were derived
from a single record: the Pacoima Dam accelerogram of the
1971 San Fernando Valley earthquake. The peak acceleration -

which is of particular concern here - recorded at Pacoima

20/ -J.I. Ex. 45. HTable 2, Circular 672 at 3.
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Dam was 1.25g. Because the peak ‘acceleration for that
record was dominated by high frequency energy, the record
was filtered to remove very high frequencies, reducing the
accelerations by 25%. USGS considers the filtered values to
be é better estimate of peak accglerations forkg 6.5 mag-
nitude earthquake. J.I. Ex. 45. Circular 672 at 6-7.

Values for magnitudes larger than 6.5 were based on
extrapolations. J.I. Ex. 45 at 3. The extrapolations are
supported by existing stroné motion data indicating that
peak acceleration increases with magnitude for all distances,
as well as theoretical arguments. J.I. Ex. 45. Circular
672 at 8.

‘Thé principal'witneés for the Staff on ground motion
was Dr. Nathan Newmark. Dr. Newmark testified that the
respénse spectra’derived for the Pacoima Dam record of the
1971 San Fernando Valley earthquake - magnitude 6.5 - rep-
resents fhé upper limit for ground motion in the free field
produced at the DCNPP site by the Hosgri earthquake. TR
8618-19; 9322. The explanation for equating ground motion
recorded for a 6.5 magnitude earthquake with that predicted
for a 7.5 méénitude earthquake has to do with (a) the re-
lation between near source peak acceleration and magnitude
and (b) the style of faulting associated with the Hosgri -

striké-slip.
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Dr. Newmark testified that near the source, peak

- accelerations are relatively independent of magnitude, for

magnitudes greater than 6.0.. TR 8596-~98. Not magnitude,

but stress release during rupture controlled peak accelera-

tions near the fault. Thrust faults are thought to result
in greater stress.release than strike-slip faults,'like the
Hosgri. The San Fernando Valley earthquake was caused by

thrust féulting. For that reason, Dr. Newmark concludes

. that ground motion recorded at Pacoima Dam represents the

upper limit for the DCNPP site. TR 8624-30.

Dr. Newmark testified that the values in Circular 672
for magnitudes greater than 6.5 "were guesses that have no
real validity.“ TR 8600. These éalues are based on ex-

trapolations that are not valid. TR 8615. As for magnitude

6.5 and below, Dr. Newmark testified that the Circular 672

provides values that are very conservative, values that are

21/
"upper bound" estimates. TR 9288.

21/ Many of the same views were expressed by Staff wit-
nesses Dr. Carl Stepp and Mr. Renner Hoffman. Stepp
Testimony at 35-38; Hoffman Testimony at 3-8.
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The Applicant's testimony on ground motion was offered
22/

by a panel of experts. .  While opinions varied somewhat

from witness to witness, there was unanimity on two points.
First, the values for free field ground motion presented in
Circular 672 for 7.5 magnitude earthquakes were top=high.
Second, expected peak acceleration for a 7.5 magnitude
earthquake, measured in the free field, was in tpe range of
.50g-.80g.

Dr. Bolt testified that a range of .60g to’'.80g repre-
sented his estimate of the expected peak acceleration in the
free field for the magnitude range 6.5 to 8.0. TR 5921.°
Dr. Bolt derived these values for peak accelerations on the
basis of extrapolaéion from values recorded at soﬁe greater
distance. TR 5922-5925. | )

Dr. Smith testified that the expected peak accelera-

tions for earthquakes in the magnitude range 5.5 to 8.0 is

' .50g. This value is the average of the near fault (recorded

within 10 km of the earthquake source) peak accelerations
for approximately twenty-five (25) earthquakes. TR 5940~
5948.

22/ The Applicant offered testimony on near fault ground
-motion twice during the hearing. Testimony was pre-
sented as part of the Applicant's direct case by members
of the seismology panel - Drs. Bolt, Frazier and Smith.
Testimony was again offered by Drs. Frazier and Seed as
part of the Applicant's rebuttal case. The testimony

regarding the probability of peak accelerations occurring

at the DCNPP site was offered by Dr. Blume of the en-
gineering panel as part of the Applicant's direct case.
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Dr. Seed obtained a mean value of .70g for 7:5 mag-
nitude earthquakes. This value was obtained by performing a
regression analysis on a plot of near séurce peak accelera-
tions ‘vs. magnitude, for severél earthquakes in thezmag—
nitude range 3.3-7.8. TR 10,103-05; App.. Ex. 61 & 62. Iﬁ
’ addition, Dr. Seed obtained an avérage peak acceleration of.
.80g for earthquakes in the magnitude range 5.5-7.8. This
value was obtained by taking the mathematical average of the
four highest peak accelerations recorded within 10 kilometers
of the earthquake source.gg/ TR 10,107; App. Ex; 63. It
should be noted ‘that for both this-and tﬁe regression anal-
ysis, Dr. Seed reduced the peak acceleration recorded at
Pacoima Dam from 1225g to .80g. . ..

As noted earlier, the_Applicant's experts found faultj
with the estimate of ground motion in Circular 672 for mag-

nitudes greater than 6.5. .The reasons for rejecting the

USGS values were that (a) they were dependent upon the

23/ Earthquake Peak Horizontal
Record Date Magnitude Distance Acceleration
Naghan 1977 5.5 . Very close 0.95¢g
Pacoima 1971 6.5 3 km 0.8g
Koyna 1967 6.5 5 km 0.63g
Gazli 1976 7.2 10 km 0.80g
Avg. 0.80g

App. Ex. 63.
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Pacoima Dam record, TR 5845-49; 5871-72; (b) 'the extrapo-
lation was dependent on the assumption that, near the
source, peak acceleration increased as a function of mag-
nitude, J.I. Ex. 45 at 8; TR 5876-79; 5889-97; 5909; and (c)
the methods outlined above provided reliable estimates of
peak accelerations substantially lower than USGS values.
The Joint Intervenors presented the testimony of Dr.
Jaﬁes Brune. Dr. Brune testified that for earthquakes
greater than 7.0 magnitude and at close distances, peak
accelerations and velocities could exceed, by a factor of
two, those postulated by the USGS in Circular 672. J.I. EX.
66, 3-2; TR 7963. Dr. Brune testified that for a 7.5
earthquake maximum.accelerations near the source could
exceed 2g and velocities near the source could exceed 200
cm/sec. Average accelerations may be about lé. J.I. Ex.
66, at 3-19. These estimates are supported by extrapola-
tions ffom the existing - although’ limited - data base.
J.I. Ex. 66, at 3-6 through 3-9. Moreover, theoretical
modeling of fault rupture provides an qxplanation for these
high accelerations and velocities. They could be caused by
one of several phenomenon: focusing of energy (directiv-
ity); high stress drop during fault rupture: or fault
breakout. J.I. EX. 3-10 through 3-16; TR 7936~-39. Dr.

Brune concluded that energy released about 20 km up the
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‘Hosgri fault could be focused nearly. directly at the DCNPP

site -.J.I. Ex. 66, at 3-13 - and that fault breakout could
increase ground motion at the site. J.I. Ex. 66, at 3-16.
Dr. Brune specifically considered the arguments against
these high values and concluded that they were outweighed by
the arguments in favor of the high values. J.I. Ex. 66, at

3-18. Finally, Dr. Brune concluded that the values cited in

Circular 672 for near source peak accelerations and velocities

for a 7.5 magnitude earthquake have not been proved to be
conservative. In his opinion, Circular 672 provides reason-

able estimates of the expected ("mean") values for near

source peak accelerations and velocities. J.I. Ex. 66, at 3-

., 3 and 3-19.

Dr. Enrique Luco testified that a 7.5 magnitude earth-

.quake on the Hosgri fault would produce ground motion values .

consistent with' those recommended in Circular 672 and in:

publications by Dr. Trifunac. L.B. Ex. 2-C (Luco comments)
24/
at 2. TR 8873.”  Dr. Luco concluded that the Newmark and Blume
25/
response spectra (without tau reduction)”  do not reflect

24/ Dr. Luco independently verified Dr. Trifunac's attenua-
tion function and was satisfied that it gave wvalid re- .
sults. TR 8874-5. He noted that .other researchers had
found Dr. Trifunac's attenuatlon function produced accurate
results. TR 8875.

25/ The staff permitted PG&E to use elther the Newmark res-
ponse spectra or the Blume response spectra for the re-
analysis, provided that the Blume spectra did not fall
below the Newmark spectra. In most instances the Newmark
spectra were used in the reanalysis. TR 6836.
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tﬁe ground motion at the DCNPP site for a 7.5 magnitude
earthquake, but rather the motion for a 6.5M earthquake.
- L.B. Ex. 2-C at 1. The peak acceieration; velocity and
- displacements controlling the high, intermediate and loy
’frequency portioﬁs of'thewNewmark spectium fall short by 40
: to 60 percent of the Trifunac estimatés of the values for a
7.5 magnitude earthquake - TR 89752— and are also considera-
— bly lower than those suggested in USGS Circular 672. On the
SE other hand, they are generally in agreement with the ex- |

pected peak values obtained by Dr. Trifunac for a 6.5M

earthquake.
[ OCCMPARTSON OF MAXTMUM GROUND MOTIONS
— Peak ,
values M= 6.5 M=7.5
- usai bY 1 ' 2 3 . 2 . 3
Newmark Trifunac USGS Trifunac USGS

[~ No. 672 . No. 672
- a” (g . :
— max 0.75 0.69(1.29) 0.90 1.07(2.00) 1.15
- v (in/sec) : )
_ max . 24 23(48) 39 39(84) 53
L d (in)

max 8 8(19) 16 12(30) 28
: ,
— Newmark, N. M., "A Rationale for Development of Design Spectra for Diablo
Canyon Reactor Facility," Appendix C, Supplement No. 5, SER, Diablo
— Canyon Nuclear Power Station Units 1 and 2, NRC, 1976.

‘2

B Average (average + standard deviation) peak motion for rock at an
L . epicentral distance R = 7.5km based on Trifumac, M. D., "Preliminary

Analysis of the Peaks of Strong Earthquake Ground Motion - Dependence
~ of Peaks on Earthquake Magnitude, Epicentral Distance and Record:.ng

T 3

- Page, R.A., et al., "Ground Motion Values for Use in the Seismic Design
of the Trans-Alaska Pipeline System," Geological Survey Circular 672,

— ‘ 1972.

I~ Sollrw: J.I. E}{. 2-C' I‘able l.
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Dr. Luco addresses and rejects the arguments that the
thrust fault mechanism and the location of the Pacoima Dam
instrument in the San Fernando earthquakerproduced peak
accelerations equivalent to those that the Hosgri earth-
quake - magnitude 7.5 - would produce at the site, assuming '
a strike-slip sense of motion. He argues, first, that the
peak acceleration for the Pacoima record falls well within
the standard deviation of mean values predicted by Circular
672 and Dr. Trifunac. Second, Dr. Luco,;cites the Gazli
earthquake (1976) - magﬁitude 7.6 - to support his position.
The peak acceleration .80g was recorded at an epicentral
distance of 10 kilometers. Correcting for attentuation,
using Gutenbexg's éelation, results in a peak acceleration

of 1.0g, an estimate in general agreement with the values

‘obtained by Dr. Trifunac and cited in Circular 672. L.B.

Ex. 2-C (Luco comments) at 2.

Dé. Trifunac recommends use of a 6.5 magnitude earth;
quake to reanalyze the DCNPP. L.B. Ex. D at 5; TR 8970.
For that reason, Dr. Trifunac accepts the Newmark spectrum
as an acceptable representation of ground motion for use in
the DCNPP reanalysis. TR 8984-5.

2. Effective Acceleration

Supplement 4 to the Staff's SER states as follows:

The ground motion values recommended by the U.S.
. Geological Survey are based on instrumental data in-
sofar as possible and do not reflect the presence of
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structures. These values must be translated into
guantitative measures of effective acceleration for
design purposes. To develop an effective acceleration
for Diablo Canyon, ‘we have obtained the advice 'of our
consultant in this area, Dr. N. M. Newmark of N. M.
Newmark Consulting Engineering Services. He has rec-
ommended, and we have accepted, that an effective
horizontal ground acceleration of 0.75g be used for
the development of design response spectra.

* * *

At a meeting on April 20, 1976, we requested that the
Applicant evaluate the plant s capability to withstand
[a 7.5 magnitude earthquake on the Hosgri fault]l. An
outline of the procedures that we believe would be ap-
propriate for this evaluation is as follows-

(1) A magnitude 7.5 earthquake on the Hosgri fault
should be assumed with horizontal ground response
spectra normalized to an effective value of 0.75g
for englneerlng reevaluation of the plant.

26/ ‘
Supplement 4 at 2-4 and 2-5.

In its report to the NRC Staff, the USGS recommended
"that the ground motion values . . . [in Circular 672] . . .
for magnitude 7.5 be used to form the basis of a description
of the earthquake postulated to have the potential for

occurring on the Hosgri fault at a point nearest to the

' 26/ See also SER, Supp. 7 at 1-3.

In April 1976 we completed our review of the Hosgri
fault's earthquake potential. As a result of our evalu-
-ation, we once again requested that the applicant re-
evaluate the plant's seismic design capabilities. The
USGS recommended assuming a magnitude 7.5 earthquake on
the Hosgri fault and provided instrumental ground motion
values to be associated with such an event. As the USGS
also recommended, we developed effective ground motion
values to be used in the reanalysis. These effective
values were based on the recommendation of our consul-
tant, Dr. N. M. Newmark. The ground response spectra
involved in the reevaluation are anchored at 0.75g
horizontal acceleration, prior to any reduction of the
high frequency portion to account for building size
effects.
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Diablo Canyon site. The earthquake so described should be
used in the derivation of an effective engineering accel- -
eration for input into the process leading to tﬁé seismic
design analysis. SER, Supp. 4 at C-16.

On the witness stand, the USG§ representative, Mr.
Devine, explained that in the past, USGS had recommended to
the NRC Staff a "single g Qalué with the full intention of
it being used as it ‘stands, as the scallng high frequency
end of the response spectrum." TR 8327; 8330.27/ In this
case, howevef, USGS, provided a description of ground motion
in the free field, leaving it to ‘the endineers to decide |
whether, and if so, how, the ground motion should be mod-
ified for purposes of structural analysis. TR ‘8329. The
UsGs did not take a position as to whether the Newmark
response spectrum was an acceptable modification of the
description of ‘ground motion in Circular 672 - that is,_the
USGS took no position as to whether the response speétrﬁh
for the DCNPP reanalysis should be anchored to 0.75g. TR
8333.

Dr. Newmark provided the rationale for using an
"effective acceleration" to the scale response spectra for
the reanalysis. Dr. Newmark testified ;hat the absence of
significant structufal damage near the earthquake source

where high accelerations were recorded - and the general

27/ Mr. Devine is referring to the scaling function con-~
templated 1n Regulatory Guide 1.60.
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good perfermance of structures subjected to earthquakes - is

" direct evidence that using near source peak accelerations to

scale response spectra results in unreliable predictions of
structuraltdamage. SER, Supp. -5 at C-2 through C-10; at 2-
3; B-1 thrdugh B-8. TR 8639-40; 8668. Specific examples
where that is the case include Parkfield earthquake of June
27, 1966 (magnitude 5.6, peak acceleration 0.5g); the
Melendy Ranch earthquake of September .4, 1972 (magnitude
4.8, peak acceleration 0.79g); the Ancona earthquake of
June, 1972 (magnitude range, 4.4-4.9, peak acceleration
0.60g [on rock] andx0.40§'Ion sediment]). SER, Supp. 5 at
C-6. This phenomehon can be attributed to three factore
principaliy: (1) the absence of perfect coupling between
the structure and the foundation, which results in energy
loss at.the interface; (2) the difference between the peak
acceleration (as measured by an instrument) and the average
acceleration to which a large rigid foundation responds -
the so—called tau effect, TR 9345-49; (3) recording instru-
ments tend to overrecord the peak acceleration actually ex-
perienced on the ground. TR 9349-50.

The value 0.75g was designated the effective accelera-
tion at the site for the Hosgri earthquake principally on
the basis that the Regulatory Guide 1.60 spectra scaled with
an effective aeceleration of 0.75g, ‘generally envelopes the

free field response spectra computed from the record at
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Pacoima Dam (peakAacceleration, 1.2g) for the 1971 San
Fernando earthéuake,J(G.S magnitude). SER, Supp. 5 at C-3;.
TR 8559; 8587-90; .Dr. Newmark states. "[T]his is the most
direct indication that the effective peak acceleration for

the Pacoima Dam record is not in fact the measured value of

.1.20g, but actually does not exceed 0.75g. Therefore this

~ is taken as the effective peak acceleration for design."

SER, Supp. 5 at C-4.

However, in rebuttal, Dr. Newmark testified that the
scaling factor used in the reanalysis = ‘0.75g - does not‘
involve any consideration of effective acceleration. TR
9275-6; 9321. ”

The‘development of the .759 was‘bésed on taking thee
actual Pacoimg Dam record, drawing its-respbnse spec-
trum, and that is shown in Figureé 1A and- 1B of that
rationale report, and shoWiﬁ§ that the so-called

Newmark spectrum, which is very close to the.Reg. Guide

1.60 spectrum, envelopes the Pacoima Dam record if one |

scales that spectrum to .75g.

So actually the .75¢g involves the use of the 1.2,
essentially, measured acceleration at Pacoima Dam.

TR 9286.
The Applicant did not designate 0.75g as the effec—

tive acceleration level. Nevertheless, the Applicant's
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28 /
experts provided testimony on the matter.” = Applicant's

witnesses testified that the concept of neffective accelera-
tion" is a valid engineering concept. Blume Testimony at 2,
19-25; TR 6476; 10,102. Like Dr. Newmark, the Applicant's
witnesses cite the abéence of structural damage near the
source where high éccelerations were recorded - and the good
performancé of structures generally -~ as direct evidence that
using near source peak accelerations to scale response spectra
results in overpredicting structural damage. Bluﬁe Testimony
at 21-25.

The Applicant's position is that a 6.5 magnitude earth-
quake should be used for the reanalysis.ﬂ On that basis,
Dr. Blume designatéd an effective acceleration of 0.50g to
scale the response-spectra.gg/ Blume ?estimony ét 12; ?R
6683; 6495. Dr. Blume testified that forﬂah?.S magnitude .
earthquake and a l.lég instrumental peakrééceleration,,he
would select an effective acceleration of .60§‘to.anch0r
the response spectra used for the DCNPP reanalysis. TR

6495.

28/ Testimony as "effective acceleration" was provided
principally by Dr. Bolt of the seismology panel and
Drs. Blume and Seed of the engineering panel.

29/ The spectral shape was derived from the superimpo-
sition of eight earthquakes Dr. Blume selected as
appropriate. Blume Testimony at 12-14; TR 6681-83.
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Dr. Iuco concludes that the reduction from 1.15g to an
effective acceleration of 0.75g is out of order. Structures

don't fail, when on paper they should, because -of ordinary

seismic analyses leave a safety margin. They do not account

for the effecté of soil structure interaction, are based on
nominal values for damping and strength, assume linear
behavior and do not include the energy dissipation in par-
titions and“other hon—structural elements. L.B. Ex. 2-C at
2-3.

In the case of the DCNPP, the seismic analysis has
taken these factors into‘account. Test material strength
rather;thén nominal values, higher than common damping
values, allowance for ductility where necessary, has all
been inciuéed in the reanalyéis. L.B. Ex. 2-C at 2.

Credit is taken for the scattering of waves by 1érge founda-
tions - "tau effect." :L.B: Ex. 2-C at 3; TR 88?4; 9124.H
Soil structure interaction is not likely to significantly
reduce the free field ground motion at the levels of founda-
tion. ., (During an earthquake a good coupling between the
surrounding soil and the foundation is expected principally
because the foundation is located on hard rock, not soft
soil;.- TR 8894; 8924-6; 8932, Therefore, Dr. Luco concludes
these is no physical basis for an effective acceleration

reduction. L.B. Ex. 2~C at 3; TR 8894.
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If the effective acceleration is a factor to take
elastic response into account, Dr. Luco concludes that a
study of inelastic response should be conducted. TR 8894.
Reduction of ‘response spectra to account for an inelastic
response may be acceptable for ordinary facilities. But for
a critical facility like thé DCNPP, it is inappropriate.
L.B. Ex. 2-C at 3. A pfincipal problem is that this re-
duction means that the input motion into equipment testing
is not.accurate. TR 8894.

Dr. ‘Trifunac accepts 0.75g based on a 6.5 magnitude
Hosgri earthquake. For him the debate over effective accel- °
eration is largely one of engineering principle. And, in
principle, he agrees with Dr. Luco: the reduction in
ground motion from 1.15g to 0.75g attributed tb an effective
acceleration has no‘physicai‘basis. TR 8973.

3. "mau Effect"

Supplement 4 to the SER provides that "[A] revision of
the design response spectra will be accepted depending on
the equivalent length of the foundations of individual
buildings. This revision recognizes that ground .motion
waves are not synchronized underneath structures during
earthquakes. In othe¥ words, different points in the
foundation base slab will not experience the maxima in the

ground motion at the same time."
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Dr. Newmark testified that the tau reduction is based
on the observation tha£ strdcturesiwith large foundations
respond "with less intensity" than smaller structures.- SER,
Supp. 5 at C-10. This could be explained by the fact that
at any given moment, acceleration' over the base is’'not
uniform. Structural response, therefore, is a function of
an average acceleration value - not the maximum value. SER,
Supp. 5 at C-10 and 1l.

As proof, Dr. Newmark offers the records of two earth-
quakes from the Hollywood .Storage Building and parking lot.
The record from .the basement is taken to represent motion at
the foundation; the record from the parking lot, 112. feet
away from the nearést corner of the building, to reéresent
motion in the free field. Comparison of the response
spectra derived from recordings at the two locations reveals
that in the high frequency range - 2 hertz-25 hertz - the -
motion at the foundation was reduced from that recorded in
the free field. SER, Supp. 5 at C-~32 and 33 (Figures 10,
11, 14 and 15). |

Dr. Newmark concludes that this reduction effect can be
approximated by the following function:

Ay =A, * R
Where Ag = accelergtion for foundation; A_ = acceleration

o
for free field; and R = 1-57%.
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- YV(or "tau"), the "transit time parameter" is determined

by dividing the "effective" width (the square root of the

area, in.general) of the foundation by the wave velocity.
E‘ The formula is consistent with analysis of the records from
- both the San Fernando and Kern County earthquakes. In both |
E;' cases, the response spectra for the structure, when reduced |
in the high frequencies by a transit time parameter, approx-
imates the spectra derived for the free field. SER, Supp. 5

| at C-13; C-34 (Figure 12); C-35 (Figure 13); C-36 (Figure .
30/ |

14); C-37 (Figure 15).

At the evidentiary hearing, Dr. Newmark expanded on the

B physical basis for the tau reduction. Soil under the site
- is 1aye;ed‘aﬁd hetérgeneous. Waves would be reflected and
Ei refracted by this medium and ?hey propagate from the earth-
- quaké source. TR 8568; 8656. As a result, the acceleration .

values at any time instant are different from those that

would correspond to a uniform wave motion over the whole

i I n‘l
)

foundation. TR 8568; 9333. According to Dr. Newmark, the

theory that waves arrive "out of phase" is verified by

&3

recordings of underground nuclear explosions where closely

B

30/ 1In reality the motion of the foundation is governed by
an averaging of acceleration over its area, not the
wave transit time. Acceleration, at any instant, varies

E} both in the direction considered and in the transverse

£=

direction. SER, Supp. 5 at C-l4. Newmark Testimony,

App. B., Figures 1l&2. However, use of the transit time
parameter - like many engineering conventions, is a
practical way to approximate a highly complex interaction.
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spaced instruments have recorded different peak acceler-
ations at.the same instant. TR 9329-30.
Dr. Newmark testified that both torsion (horizontally

incident waves) and tilting (vertically incident waves) had

been analyzed. Neither were a significant problem. TR

EE" z"z?l

Al

N

e
-

8570; 8656; 8661-8666.
31/

Members of the Applicant's~engineeripg panel offered

Tl

testimony on the "tau effect." Dr. Seed also testified ex-

tensively on the results of soil-structure interaction
— analyses that he performed. Because of their close relatioﬁF
- ship, they are discussed together. g x

The Applicant's witnesses testified that the tau re-
duction is an accebtable way of taking into account the

"excellent performance of large building foundations in

L

earthquakes." Blume Testimony at 42; TR 10,123-27. The

)

r

formulation used in the DCNPP reanalysis - a reduction of

the high frequency portion of the spectrum, as a function of

SO

the geometry of the foundation and seismic wave travel

time - is a "simplification of a very complex wave motion -

£33

structure action problen. Blume Testimony at 42. In that

fred

regard, however, it is similar to many "engineering equiva-

lents" used to approximate loading conditions. Blume Testimony

fE

at 32.

31/ Dr. Blume, Dr. Frazier and Dr. Seed.

M 4
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Dr. Blume testified that the Applicant's calculations
of the tau effect were conservative because it excluded two
factors that would furthe; reduce motion at the foundation
level. First, the spectra could be further reduced to
reflect that various large foundations at the site would act
as a single large foundation reducing the high frequency
response significantly ﬁore than a single foundation.
Second, the Applicant did not reduce the response spectra to
reflect the "mitigating effect" of the structures' embed-
ments. TR 10,125-6.

Dr. Seed testified about the results of the soil structure
interaction analyses he conducted for the Applicant to
determine whether éhe presence of the soil or rock which
underlies the DCNPP has -any significant influence on the
response of the structure. TR 6748. J.I. Ex. 58‘at l. Dr.
Seed's analyses comparedAthe results of three different

32/
models.

32/ The purpose of the comparison was to determine whether
the rigid base analysis for the DCNPP - which ignorxes
soil structure interaction - provides reliable results.
Section 3.7 of the NRC Standard Review Plan provides
that where the shear wave velocity at the site is greater
than 3500 feet per second, as is the case at the DCNPP
site, a rigid base analysis may be used to determine
structural response. The Applicant performed such an
analysis. Drs. Trifunac and Luco, among others, sug-
gested that additional studies needed to be performed.
This comparative analysis was performed "to explore the
significance of those suggestions and see if indeed those
kind of studies needed to be made for . . . [the DCNPP].
J.I. Ex. 58 at 1; TR 6800.
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For all three models the property of the structure are .
those of the DCNPP. TR 6800-1. J.I. Ex. 58 at 2. 1In the‘
first, the DCNPP is assumed to be located on a rigid base
and the time history of ground motion - derived from Newmafk's
response spectra - 0.75g zero period limit - without reduc-
tion for tau effect - is input directly into the‘foﬁndation.
TR 6772-3; J.I. Ex. 58 at 2-3. .

In both the second and third model, the soil is modeled
as a multilayered medium with the physical properties (stiff-
ness, damping action, and mass density) of the soils under-
lying the site. J.I. Ex. 58 at-2}; 7. The foundation is
assigned the physical properties of the QCNPP~foundation.

TR 6778. In model.z, the input motion is characterized .as
vertically incident shear waves (S-waves) and compression
waves (P-waves). In model 3, the input motion is character-
ized as horizontally incident Rayleigh waves.gé/ Both model
2 and model 3 take into account soil deformability (effect
of the soil on the wave fields) and radiation damping (loss-
of energy at the interface between the soil and the founda-
tion). Model 1 does not. TR 6774;6778.

Dr. Seed concludeé as follows:

The good agreement betwéen computed responses ob-

tained by the three different methods illustrated in the
preceding plots would seem to indicate that the effects

33/ See TR 5994-7 for description of the various earthquake.
~ waves.
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of soil-structure interaction are very small for the case
considered. In fact this conclusion would seem to be

even more apparent if a comparlson is made between the
response spectra for motions in the free field and motions
developed at nodal point 63 at the center of the base of
the foundation. Such a comparison is shown in Fig. 13.

In general the response at the base of the structure is
sllghtly less than the free field response, particularly
in the hlgh-frequency range, and this is more true for
Rayleigh wave excitation than for vertlcally propagating
wave excitation. However, the difference is small and

it would apparently be conservative to neglect interaction
effects altogether and simply subject the structure to

the prescribed control motion as if the base were .
rigid.34/ .

On the last day of the hearing, Dr. Seed presented
further testimony on his soil structure interaction analysis,
offered in‘part in rebuttal to Dr. Luco's testimony.> During
his appearance, Dr. Luco cited Dr. Seed's soil structure
interaction analys%s for the propositioﬁ that there is no -

significant soil structure interaction or "tau effect" at
35/

.the site.- TR 9034.” = Dr. Seed responded that Dr. Luco had

misinferpreted the analysis. TR 10,146.

34/ See also, TR 6803-4.

35/ In addition to the language gquoted above, Dr. Seed's
analysis states:

Essentially similar values of response are obtained
for this site whether the base motions are considered
to consist of a system of vertically propagating - shear-
.and compression waves or a system of horizontally
propagating Rayleigh waves and except for a small in-
crease in rocking which affects the outer edges of the
foundation slab, the computed responses are essentially
similar to those computed for a rigid base analysis
where the control motions are used directly as base ex-
citation for the structure.

* * *
On the bases of other analyses made for inclined shear
wave propagation leading to phase differences across
the base of the structure it seems reasonable to con-
clude that the results presented in the preceding study
would closely simulate these effects also. [emphasis
added]. J.I. Ex. 58 at 12-13. .
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Dr. Seed testified that use of the words "very small"
in the report describing the soil structure interaction
effects is not the same as "no significant effects" as used
by Dr. Luco. TR 10,150. According to Dr. Seed, the report
shows that soil structure interaction reduces motion in the
base of the structure on average, 20% from motion in the
free field. Thus, a free field peak acceleration of .75g
corresponds to .60g response in the foundation. TR 10,1489.

Dr. Seed also excépts to Dr. Luco's reading that the
report concludes there is no significant tau effect. Dr. Seed
states that the analyses were not designed to take tau
effect into account. TR 10,150. Were the tau effect tg be
taken into account; further reducéion in the foundation
response would be proper: first, a reduction to take into
account phase differences associated with shear wave travel
time across the base (TR 10,152-60; App. Exs. 61, 62, 63 énd
64); second, a reduction to take into account random varia-
tion in peak accelerations across the base due to non-
uniformity of the soil formation under the structure. TR
10,162-166; App. Ex. 65. A reduction of 10% for each would
be appropriate. Taking all of the above into account, Dr.
Seed concludes that the free field ground motion can be
reduced legitimately by 40% to obtain the motion at the

foundation level for the DCNPP. The 20%-30% reduction
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(depending upon the structure) indicated in the DCNPP re-
analysis reflects a very conservative approach. TR 10,167.

Drs. Luco and Trifunac presented testimony on the tau
effect. Their views were similar. Both agreed that reduc-
tion of the foundation response in the high frequency range
could be justified under certain circumstances. However,
neither the Staff nor Applicant had demonstrated it was
justified at the DCNPP site. L.B. Ex. 2-C at 3-6; Ex. 2-D
at 3-4; TR 8889; 8975-78.

In Dr. Luco and Trifunac's view the tau effect is an
effort to quantify the scattering and diffraction of high

frequency energy by a large rigid intrusion in the soil.

L.B. Exs. 2-C ét 3; Ex. 2-D at 2. This effect is a function

of soil characteristics, the dimension of the foundation,
the rigidity of the foundation and the typg of éxcitation.
TR 8879; 8975. This scattering can be substéntial where (1)
soft soil conditions prevail; (2) the foundation is rigid
and embedment ratio large;éé and (3) the seismic excitation
has a significant high frequency component. TR 8879. 1In
fact, the records of the San Fernando earthquake at the
Hollywood Storage building demonstrate that to be the case.

TR 8947-50; 9068-70. There the soil is soft, - the shear

36/ I.E., the depth of the foundation compared to the
foundation dimension facing the earthquake source.
TR 9172.
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velocity at'the site is in the range of 800 ft/sec. - the
foundation is deeply eﬁbedded and the seismic energy had a
large high frequency component. However, at Diablo, the

site is hard rock - shear wave velocity of 3500-3600 ft/sec. -
and the foundation embedment is relatively shallow. Con-
sequently, scattering and diffraction of high frequency energy
(Dxr. Trifunac describes the phenomenon as an impedence jump)
at the DCNPP is expected to be small TR 8879; 8975.

Assuming there is some "tau effect", Drs. Luco and
Trifunac conclude that the Staff and Applicant's reductions .
are too large and are based on unrealistic models that
consider only part of the problem. I.B..Exs. 2-C at 3-6;
and 2-D at 2. First, the assumptions of a rigid foundation
fails to recognize deviations that lead. to 1ocalizeq higher ‘
stresses in the lower part of the structure. L.B. Ex. 2-C
at 4 and 2—D‘at 2,

Second the reductions are calculated on the bases of
horizontally propagating shear waves. TR 8883. Given the
likely orientation of the Hoégri earthquake to the site -
short horizontal distance to the fault relative to the focal
depth - most of the energy at the site will be in the form
of vertically incident waves. TR 8880.31/ In that case,

energy scattering by foundations with a shallow embedment is

37/ See also, TR 10,128; 10,168.
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"précticg}ly nonexistent." L.B. Ex. 2-C at 4; TR 8935.
Moreover, even assuming a large component of seismic energy
is\in the form of horizontally incident shear anes; any
reduction in shearing force (translational componént of
motion)‘is coupled with a substantial torsional force. The
Staff and Applicant have discounted the torsional force.

Consequently;, the 20%-30% reduction reflects an exaggerated

reduction of the sheaiing force (translational motions)

while discounting the full torsional force. L.B. Exs. 2-C
at 4-6; 2-D at 2; TR 8890. ;

The assertion thatvthe vertical waves could produce a
20%-30% reduction, also Qets a "not proven' verdict from‘
Drs. Luco and Trifﬁnac. First, tﬁe recordingé of'nuclear
explosions by cloéely spaced instruments are‘ﬁot valid
indicators for the situation at Diablo. The recordings are
at significant‘distances{‘ In that case, the nonuniformity
in the géologic structures through which the waves travel
can introduce phase differences recorded by closely spaced
instruments. At Diablo, the earthquake is assumed to occur
on a fault only 4-1/2 miles from the site. At that distance,
the phase difference likely to be introduced by nonuniformity

is practically insignificant. TR 8887. Second, Dr. Luco

cites Dr. Seed's studies to support the conclusion that any tau
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effect due to vertically incidenF waves 'is practically

insignificant. TR 8889; 8924-26. > Third, the hard soil,

and relative depth of embedment preclude<any’significant

scattering and diffraction of high frequency energy. at the

DCNPP site for vertically incident waves. TR 8879; 8975.
4, ' Damping

A damping factor of 7% for reinforced concrete struc-

tures (including, among others, the containment building,

turbine building and intake structures) was used in the
reanalysis. A smaller damping value (5%) which yields
larger calculated responses and is therefore more conserva-

tive, was used in the original analysis. Regulatory Guide

1.61 provides that 7% damping may be used for reinforced

concrete structures. )

The Stéff testified that the 7% damping in'Regulatory
Guide 1.61 was initially based on a 1973 report co-authored
by Dr. Newmark, Dr. Blume and one other engineer. The
report was not introduced into evidence. Confirmation of

the 7% damping figure is provided by tests on Japanese

‘nuclear power plants which show damping in the range of

20% and by laboratory tests on reinforced concrete shear
wall tests showing damping in the range of 7%-10%. TR 9820.

The Staff acknowiedged that the Japanese data reflect'total

38/ J.I. Ex. 58 at 13; supra. fn. 46 at page 39.
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building soil system damping. TR 9820. This includes
mradiationrdamping,"enengy dissipated at the soil-structure
interface. Blume Testimony at 47; TR 6553-9; 8895-98. What
is sought here is structural damping alone, enexrgy dis-
sipation within the 'structure. Further, the Staff did not
know the character of the soil under the site, nor how it
compéred“to the hard rock under the DCNPP site. The Staff
rcould not identify any data involvin§ tests of an existing
structure where the soils are of comparéble rigidity to
those at Diablo Cényon. ‘TR 9886. Nevertheless, because the
total building - soil system damping is as high as 20% -~ the
‘Staff concludes that 7% is a reasonable estimate of struc-
tural damping. TR 9820. i

The Staff rejected Dr. Luco's view ‘that results from
reinforced masonary tests éuggested that the concrete shear
wall tests have been misinterpreted, but gave no specific
reason'for doing so. TR 9824. '

In addition, Staff rejected the results of Dr. Luco's
and Dr. Trifunac's report on the Miliken Library - a report
the Staﬁf had not reviewed (TR 9887) - showing damping
values significantly lower than 7% for that reinforced
concrete structure. TR 9823. The reasons cited by the
Staff were (1) the report was a draft only.and had not
been subjected to peer review and (2) extrapolation from

the damping'values determined from very low stress created

'
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by the forced vibration test was not a valid indicator

of damping obtained during high stress earthquake conditions.
TR 9823. Nevertheless, the Staff accepted extrapolations
from very low stress conditions created to test damping on
the DCNPP piping system. TR 9845, |

The Applicant presented results from various tests to
support 7% damping. Blume Testimony at 46-49.

Dr. Blume testified that tests of reinforced concrete
shear walls are particularly relevant because (1) much of
the DCNPP complex is reinforced concrete shear wall and (2)
the values are not contaminated by radiation damping. Blume
Testimony at 48-9; TR 6827-30; 10,119. The tests measured
damping as a function of stress levels. The datafpoints
(nine in all) are clustered at low strain levels (four points)
and at high strain levels, near the yield point for séeel
(five points). Blume Testimony, Figure 20. br. Blume
testified that the results suggest use of 7% damping in
the reanalysis. TR 6827-30; 10,118-20.

Both Dr. Luco and Dr. Trifunac dispute the use of 7%
damping in the reanalysis; both would prefer using 5%. L.B. EX.
2~-D at 3-4, 6; TR 8895; 8980. They conclude that data cited by the
Applicant and Staff cannot be applied to the DCNPP with any
confidence because in most cases the measurements are (1)

contaminated by radiation damping or (2) are on models unlike
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the DCNPP structures in geometry and materials. L.B. EX.
2-D at 6; TR 8855?6; 8980. The only exception are the tests
on reinforced concrete shear walls, and those results are
based on few data points, require an assumption of linear
relationship between stress and damping, and are placed in
question by recent results from tests on reinforced masonry.
TR 8897. These .last tests suggest that the damping does not
increase linearly with stress, but remains low and constant
unti; stresses equal to one-half yield. TR 8897.

Discussion

Appendix A réquires that seismic design.iesponse spectra
correspond ". ,‘. to the maximum vibratory accelerations at .
the elevations of the foundations of the nuclear power plant
structures . . ." for the SSE. Sec. VI(a), Appendix A. The
Licensing Board contends that this requirement is met by the
response spectra it approved. Decision at 75. .We disagree.%g/

First, the}Applicant has failed to prove that the
response spectrarepresentﬁg/ the maximum vibrator§ accelera~-
tions of a 7.5 magnitude earthquake. In fact, a -strong case
has been made that the response spectra répresent a 6.5 mag-

nitude eafthquake. This view is held by Dr. Luco, Dx.

—ABrune, and Dr. Trifunac. It is butressed by the values in

39/ J.I. Exceptions at 39-52 & 72.

40/ The discussion is directed to the Newmark spectra which
established the minimum acceptable standards and was
used for analysis instead of Blume's spectra in most
instances. = TR 6836.
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Circular 672 and by the fact that the response spectra
correspond to the one derived at Pacoima Dam during the San
Fernando earthquake - a 6.5 magnitude earthquake. The

Licensing Board either dismisses this evidence improperly or

‘doesn't address it at all.

The Licensing Board assigns three reasons for rejecting
Dr. Luco's position. None are valid. First,.Dr. Luco's
testimony is rejected because it is contradicted by the
testimony of Drs. Blume and Newmark. Decision at 58. The
fact that Dr. Luco disagrees with Drs. Blume and Newmark is
not a valid reason for rejecfing his conclusions or accept-
ing theirs. The fact that experts disagree,‘in and of
itself, is not sufficient to accept one view and réject the
other.

The Licensing Board states that Dr. Luco's position is
contradicted by the USGS. Decision at 58. fhatts not the’
case. Circular 672 provides descriptions of ground motion
in the free field for a 7.5 magnitude earthquake. The USGS
left to the enéineers&the question of whether those values
should be modified for engineering analysis. Further, USGS
took no position on Lhe 0.75g response spectra used in fhe
reanalysis.

Dr. Luco used the values in Circular 672 in the way

that the USGS intended. He used them to describe ground
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motiqn in the free field. Then he made an independent en-
gineering evaluation as to whether those values éhould be
modified to account for ;oil structure interaction or other
phenomenon - tau - that coald reduce the motion at‘the
levels of the foundation. He determined that the ground
motion in the free field was not siénificanfly modifiedvpy
soil structure interaction or by a tau effect.'

The Licensing Board suggests that Dr. Luco improperly
relied on correlations developed by Dr. Trifunac. Decision
at 59. Dr. Trifunac's correlations are to be used to es-
timate ground motion values fpi large earthquakes. L.B. Ex:
2-F. That is the purpose for which Dr. Luco used them. Thel

fact that Dr. Trifunac would'assign a 6.5 magnitude earth-

quake to the Hosgri fault is a separate matter altogether,

* and doesinot bear on Dr. Luco's use of the Trifunac correla—-

tions.

The ‘Licensing Board dismissed Dr. Brune's testimony
without providing an adequate reason for doing so. Decision
at 6l. After reciting Dr. Brune's testimony, the Boarq
concludes that "[c]onsideriné all of the evidence, the Board
is of the opinion that the-speculaéed higher values postula-
ted by Dr. Brune are not of design or analytical signifi-

cance for the Diablo Canyon Plant." Decision at 6l. The
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Board did not critiéue Dr. Brune's analytical methods. It
did not identify‘logical gaps or inconsistencies in his
reasoning. The Board did not identify data that he failed

to consider. In short, the Licensing Board failed to

 provide a rational basis for dismissing Dr. Brune's testi-

mony as irrelevant.

The Board briefly discusses Dr. Newmark's basis for
selecting 6.75g to represent the "effective acceleration"
for the Hosgri earthquake. However, the Board fails to
examine the fact that on the last day of hearings,mDr.
Newmark jettisoned the concept of effective acceleration.
It fails to examine Dr. Newmark's concluéion that the

response spectra for a 6.5 magnitude earthquake (Pacoima.

Dam) is selected to represent a 7.5 magnitude earthquake -

or Dr. Luco's criticism of Dr. Newmark's explanation.

The Board-cites the testimony of Dr:'Seed and others
that 0.75g represents the "actual" maximuﬁ acceleration at
the site and that therefore "there is no need to introduce
the concept of effective acceleration." Decision at 60.
Héwever, the Board fails to explain how this testimony is
consistent with Dr. Blume's assertion that 0.75g effective
acceleration "is based" on a peak instrumental acceieration
of 1.15g for a 7.5 magnitude earthquake. Furthermore, the

Board provides no rational basis for accepting .75g (Newmark,
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Seed, Frazier, Bolt, Stepp, Hoffman, Blume) which rejecting -
lg (Brune, Trifunac, Luco, USGS) to .represent "actual”
maximum accelerations for a 7.5 magnitude earthquake.
Decision at 57.

Dr. Blume's probabilistic studies are cited. Dr. Luco
and Dr. Trifunac's criticism of those studies are neither
cited or discussed. Decision at 60.

Second, even if the above problems are ignored, and the
Newmark spectra (without tau) were acceptable, neither the
Applicant nor Staff have demonstrated that a tau reduction
is éppropriéte at the DCNPP site. Dr. Luco and Dr. Trifunac
testified that the tau reduction is not appropriate for the
DCNPP site. The Licensing Board dismisses Dr. Luco's
testimony for reasons that are not valid, Decision at 72.
(see, discussion of evidence, supra, at 42-47). Moreover,
the Licensing Board doesn't discuss Dr. Trifunac's views at
all.

41/
here again, the Licens-

Finally, we turn to damping,
ing Board's decision is devoid of a fair explication of the
evidence. The Licensing Board cites mostly general concepts,

and fails to discuss the views of Trifunac and Luco.

41/ J.I. Exceptions at 53. .
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In sum, the e%idence in this case does not demonstyate
that

(1) the Newmark spectra represent éhe maximum vibra->
tory accelerations at the DCNPP site for a 7.5
magnitude earthquake on the Hosgri fault;

' (2) +tau reductions in the range of 20%-30% at the
DCNPP site are appropriate and conservative;

(3) 7% damping values are appropriate and conserva-.

tive.
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D. THE LICENSING BOARD ERRED IN FINDING
THAT THE APPLICANT'S PROGRAM OF TESTING
AND ANALYSIS DEMONSTRATED THAT STRUCTURES,
SYSTEMS AND COMPONENTS NECESSARY TO
ACHIEVE SAFE SHUTDOWN AND TO MAINTAINING
A SAFE SHUTDOWN CONDITION WILL PERFORM
THEIR SAFETY FUNCTIONS DURING THE HOSGRI
EARTHQUAKE AND AFTERSHOCKS

Introductory Statement

Appendix A requires the Applicant to demonstrate,
through analysis and testing, that the structures, systems
and components necessary to achieve safe shutdown and to
maintain the plant in safe shutdown will perform their
safety functions during the Hosgri earthquake. Sec. VI(a),
Appendi%'A. In addition, where the seismic. analysis in-
dicates stresses béyond the yield point in safety related
structures, systems and componentf, Appendix A requires the
Applicant to demonstrate that the yielding does not affect
the performance of necessary safety functions. Id.

The Licensing Board f£inds that these requirements have
been met. Decision at 92-3. The Joint Intervenors disagree.
J.I. Exceptions at 54-62. First, the Staff has permitted
deviations from standard testing and analytical procedures
or has waived regulatory requirements without demonstrating
that (a) the substitute procedures provide an adequate
margin of safety or (b) the waived requirements have no

applicability to safety determinations at the DCNPP.
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Second, where as here, the response.spectra'are legally
deficient, the whole scheme of testing and analysis falls
short of the Commission}s legal requirements. Assurances
that the plant ishsafe because (a) the seismic review was
the most extensive ever undertaken by either the Applicant
or Staff (Decision at 92) oxr’ (b) conservatism is factored
into the seismic analysis by standard engineering procedure
(Decision at 75-78) cannot cure=the basic legal defect: the
response spectra doﬁnot meet the regulations.

Discussion

1. Deviations From Normal Procedures

Procedures normally used in the design of nuclear plant
structures, systemé and components that provide conservatism
in design were not applied by the Staff in the DCNPP seismic
reevaluation. In Supplement 7 of the SER, the Staff ac- :
knowledges that A

[t]he generic methods of analysis used by the
Applicant in the seismic reevaluation as out-
lined above contain three significant relaxa-
tions relative to the normal, or currently
accepted, procedures. One relaxation is
reduction of ground response spectra to

account for building size effects. [Tau effect]
The second is use of actual material strengths
rather than code specified minimum material
strengths. The third is allowance for ductility
in structures which might be used in two speci-
. fic cases and specifically justified. (SER,
Supp. 7 at 3-22 and 3-23)
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The ‘technical basis for tﬁel“tau effect" reduétion was
discussed in the previous section. In addition to use of
actual material strengths ;nd allowance for .ductility, the
Staff departed from normal practice by permitting loads to
be combined in a manner different from that specified in
Regulatory Guide 1.92. We turn to examine these three items
below. | »

10 CFR §50.55(a) requires that nuclear power plant
structures, éystems and components meet the requirements of
p;ofessional engineering ‘codes identified by the regulations.
Exceptions are permitted (a) where compliance would result
in hardship or unusual difficulties witﬁout*a compensating
increase in the level of safety‘oé (b) alternéfive speci-
fications will provide an acceptable level of.quality and
safety. Instead of using the values spééifieé in the ap-
plicable engineering codes, the Applicant used the éverage
values of material properties for concrete and steel de-
termined from tests. The original analysis was based on
code specified values. SER, Supp. 7, at 3-20. The relaxa-
tion is approximately a 13% to 27% factor for concrete and
an 11% to 24% factor for steel. TR 7194.

Neither the American Concrete Institute Standard
Building Code nor the specifications of the American In-

stitute of Steel Construction contemplates the use of
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éverage actual material properties. Both specify using
minimum specified material strengths for concrete and steel.
TR 6944-6945. The Applicant's justification for the de-
parture from standard code practices is summarized in
Section 4.1.2, and in Appendix D-LL6 énd D-LL21 of the
Hosgri Seismic Reevaluation. While it is true that concrete
strength increases with time, use of the "average actual
value" means that one—hﬁlf are not expected to fall below

42

the computed average. The averaging effect is poten-

tially}even more misleading for structural steel where a

“small number- of samples are used.

The use of average actual steel and concrete. values
represents a depar&ure‘from normal Staff practice. Further-
more, the evidence offered by the Staff and Applicant fails
to justify an exemption from the requirements to 10 CFR
§50.55(a).

In another departure from normal practice, the Staff
permitted an allowance for ductility in testing and analysis
that is permitted for stresses or strains beyond the material
yield point. In the case of structural analysis, the re-

analysis indicated stresses beyond the yield point of the

* material in (a) the curtain wall of the intake structure;

42/ The Llcen51ng Board's finding that "actual material values
were used in the reevaluation is wrong (J.I. Exceptions at
60). Average actual material values were used. TR 7142,
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(b) the turbiné'building (when the crane is parked at either
end); (c) certain piers beneath the main turbine generators.
Hoch Testimony at 21, 22; TR 6917. For the equipment, ‘
analysis indicated stresses or strains beyond the material
yield point at (a) locations within the pipiﬁg system} (b)
unspecified pumps and valves; and (c¢) in the fuel grid. TR
6919-6921; Bucker~Esselman Testimony at 1-7; TR 7661-79;
Esselman Testimony at 1-8; TR 7549-86.£§/ '

Appendix A permits stresses and strains beyond the
yvield point, "some" safety related structures, systems and
components only where the égfety functions are not impaired.
Sec. VI(a), Appendix A. With respect to the list, above,
the Applicant aséefts that  (a) structural deformations have
been carefully evaluated to assure that all necessary safety
functions are maintained, Hoch Testimony at 21, 22; TR 6917;
(b) special criteria were developed and applied to assure
that material yielding would not impair the safety functions
of valves and pumps, TR 6919-21;]modi£ication,to the piping
system - strengthening of the supports and addition of
snubbers (equipment designed to minimize pipe vibration) -

assures its safety, TR 7679; analysis of the- core assures

43/ The Licensing Board finds that loads from the seismic
event -and the worst postulated loss of coolant accident -
individually and combined - are below the allowable grid
strength. J.I. Ex. at 62. However, if asymmetric load-
ing is considered, the grids are expected to deform.
Esselman Testimony at 3-7. .
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that an adééuate cooling will be provided in the event of

fuel grid aamage. Esselman Tesfimony at 5-7; TR 7571-76.

The fact that the above analyses were performed is no£
disputed. Our concern is whether they were adequate. Proof
that a piece of equipment, although damaged, can perform its
safety function is not a run-of-the-mill task in licensing
proceedings. For that reason, such proof requires a degree
of scrutiny altogether missing from the Licensing Board's
examination of the evidence.

For example, the Licensing Board did not examine the
problem of aftershocks. Appendix A expressly requires
consideration of aftershocks. Sec. VI(a), Appendix A. The
aftershock followiﬁg a 7.5 magnitude earthquake is expected
to be large. As Dr. Newmark testified, a principal reason
to require that structural response remain in the elastic
range (i.e. that materials do not yield) is to assure that
the plant can safely ride out aftershocks. Newmark Testimony
at 5. That margin of safety has been admittedly eliminated
for the components, structures and systems identified
above. In addition, both Dr. Trifunac and Dr. Luco believe
that the structural response will be inelastic for the
Hosgri earthquake (for either 1.15g or .75g). TR 8867-71;
8873; 8894; 9263. Damage significantly greater than pre-

dicted may occur. In view of that fact and the admission
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that damage is 1liKely to occur to certain parts of the
plant, the problem of aftershocks merits significantly more
scrutiny than that given by the Licensing Board.

The Licensing Board failéd to address Task Action
Plan - B-51, which states that when inelastic analytical
procedures are used, proper qualificatioﬁ of the methodology °
and complete understanding of its limitations are important.
In addition, the Licensing Board failed to address the
deficiencies in the component design criteria of the ASME
Codes - NUREG-0471l, Generic Task Problem Description,
Category Béfc, and D Tasks; Staff Exhibit No. 12, and in
what manner tﬁose deficiencies, in combination with the
relaxatiénsrmenfioﬁed above, affeét safety margins.

Finally, the Licensing Board failed to address in what
. manner the:-cumulative effect of these departures from normal
Staff practice and design requirements affect safety margins.
Such analysis is fully justified under the exceptional
circumstances of this case. Specifically, the interaction
between systems judged most likely to fail during the SSE
and important safety related systems should be analyzed to
determine whether, and, if so, how, a failed system might
impair the éafety functions of another. A rigorous study of
this kind would provide some of the margin of safety reduced

by the analytical and testing techniques employed in the
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reanalysis. In addition, operato; procedures reéuired to
cope with system failures'judgéd likely to occur during an -
earthquake should be studied. Adequate completion of both
and adjudication of the conclusions drawn should be required
before licensing.

The Joint Intervenors are aware .that the Staff is

requiring the Applicant to conduct such studies. The TMI-2

accident provided the necessary impetus. The point, how-

ever, is that the.evidenceﬁin this record - taken before the
TMI-2 accident - was sufficient to alert a vigilent Licens-
ing Board to the need for these studies. The fact that the
Licensing Board failed to act on that evidence.and order

such studies is another indicator of the deficiency of its

- decision.

2, Other Regqulatory Requirements'Waived

For the electrical equipment that must be requalified,
the Applicant, at the Staff's request, committed to employ
se?smic qualification methods that conform to current Staff
criteria. (Regulatory Guide 1.100, Revision 1, "Seismic
Qualification of Electrical Equipment for Nuclear Power
Plants," and IEEE Standard 344-1975, "IEEE Recommended
Practice for Seismic Qualification of Class ‘1E Equipment for
Nuclear.Generating Station;" SER, Supp. 7 at 3-71). This

testing is deficient because the effects of aging have not
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been considered in the seismic qualification of electrical
equipment. The Applicant admits that the seismic testing
program does not includé the aging requirement as described
in IEEE 323-1974. TR 7691. At best, the tests performed to
date by the Applicant indicate that new equipment could
withstand the accident environment..

The methods used in combining seismic stresses with

‘normal operating loads and stresses for the piping systems

were not in accord with the method in Regulatory Guide 1l.92.
TR 7593. In the original seismic analysis of piping systems,
twodifferent seismic load cases were analyzed, each case
représenting responses due to a combination of a vertical .
component, and one of the two orthogonal horizontal components
of the'earthquake. The higher response of the two load

cases was compared against the allowable response to assure
adequacy of the system. In contrast, the current sStaff
Regulatory Guide 1.92 requires that all three components
shall be considered to act on the system simultaneously.

At the request of the Staff, a stﬁdy was performed by
the Applicant to evalu?te the differences in the piping
system responses when the two different analytical approaches
diséussed above were used. SER, Supp. 7 at 3-69. The
responses at some locations on the systems increased; at

other locations they decreased. The sensitivity of the
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results to the analysis demonstrates that a departufe from
the methods specified‘in Regulatory Guide 1.92 is not merited.

The Applicant has yet to identify in the FSAR its
amendments, or in testimony offered into evidence, each and
every Category léé/ structure, system and component.

To begin with, the Applicant has provided only a gen-
eral iist of Category I structures, systems, and components
in Section 3.2 of the FSAR and in the equipment lists pro-
vided as part of the Hosgri Seismic Reevaluation documented
in the FSAR Amendment 50. The .Applicant states that "their
seismic design classification$ comply with the intent of’
Safety Guide 29." (emphasis added) Safety Guide 29 is the
predecessor to Regtlatory Guide 1.29. Later in the FSAR,
the Applicant acknowledges in a footnote that the Spent Fuel
Pooi Cooling é&stem at Diablo Canyon is classified Design
Class II, which differs from Regulation Guide 1.29 which
indicates that the system should be Class I. FSAR, page

3. 2"'20

44/ As set forth in Regulatory- Guide 1.29, Revision 3,
September 1978; Category I structures, systems and
components are those necessary to assure

(i) the integrity of the reactor coolant
. pressure boundary, (ii) the capability to shut
down the reactor and maintain it in a safe con-
dition, or (iii) the capability to prevent or
mitigate the consequences of accidents which
could result in potential offsite exposures com-
parable to the guideline exposures of this part
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Another incomplete\liét of equipment to be seismically
qualified as Category I is tabulated in FSAR Amendment 50.
In particular, the listing of .Category I electrical items,
Table 10-1, is cursory and inadequate for independent
analysis. For instance, the Applicant fails to mention all
the locally mounted, rack mounted, and panel mounted instru-
ments. .

Without a rigorous listing of all Category I structures,
systems and components, independent evaluation of the Appli-
cant's seismic qualification program is precluded. Tﬁere is
no way to assure that all structures, systems and components
required by the regulations to be seismically qualified
have, in fact, beeﬁ qualified. The Licensing Board failed
to demand such a list. Decision at 92-3.

‘3. The Response Spectra

The process of testing and analysis begins with the
design criteria discussed in Section C of this brief - the
response spectra that define the earthquake forces at the

foundation level. These spectra are used to define the
45/

stresses used for testing and analysis. The modifications

45/ From these response spectra, a time history of ground
motion is developed, one that would reproduce the
response spectra. The time history is used to excite
the various locations in the structure where equipment
is mounted. The result is a family of floor response
spectra that define stresses for testing and analysis.
Pursuant to Appendix A, these seismic stresses must
then be combined with other stresses which would be
caused by normal operation, and, where appropriate,
stresses caused by accident loads. The total stress is
then compared to the stress criteria in various codes,
where stresses exceed the criteria, additional analysis
is performed to show that safety functions are not
affected. Gormly Testimony 2-5; TR 9830-38.
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that have been factored into the response spectra - and are

- the center of dlspute - are, in turn, factored into all
~ subsequent testing and analysis. These modifications result
. 46/

' in substantial reduction in the input to testing and

analysis of systems and components. TR 8893-5; 9002-07.

46/ 1In all instances below, the 1.15g "peak instrumental
acceleration" for the 7.5 magnitude earthquake was
first reduced to 0.75g "effective acceleration."

o - Containment structure - the Blume spectra were re-
duced from .75g effective acceleration to .67g for the
"tau effect," a reduction of approximately 10%; the
Newmark spectra from .75g effective acceleration to
.60g, a reduction of approximately 20%. (TR 7014-

= 7016). The reduction for tau effect at the fundamental
mode for the containment structure is approx1mately
™ 12%. The reduction at the zero period is approximately

11%. (TR 7170).

= - Turbine building - the Blume spectra were reduced
A from .75g effective acceleration to .54g to reflect the
~ "tau effect," a reduction of approximately 28%; the
Newmark spectra, from .75g effective acceleration to
.50g, a reduction of 33%. (TR 7182-7183). The tau

- reduction in the north-south direction at the funda-
mental mode would be about 17%. (TR 7185).

E; - The auxiliary building - the Blume spectra was re-
duced from .75g effective acceleration to .63g, a
o reduction of approximately .16%. The reduction for the
¢ Newmark spectra for tau effect was from .75g to .55g, a
- reduction of approx1mately 27%. (TR 7131-7132). There
_ is some tau reduction for the concrete portion of the
2 guﬁlilary bulldlng at the fundamental mode. (TR 7172-
L 173).

— - The intake structure - the Blume spectra were reduced
E from .75g effective acceleration to .67g for the tau

- effect, a reduction of 10%. The adjustment for "tau"

— under the Newmark spectra was from .75g to .60g, a
reduction of 20%. The reduction £6r tau at the funda-

— mental mode would be similar to that of the zero period

acceleration. (TR 7225-7227).

The increase in the damping factor to 7% for reinforced
concrete (from 5% in the original analysis) structures
significantly reduces the response spectra. Newmark

.
LJ Testimony at Figures 8-13.




{

£

Fodl
A

Giz43

[

al

e

)

- 68 -

The Applicant and the Staff testified that (a) conser-

vatisms factored into the seismic analysis by standard

engineering procedures, Knight Testimony at 1-5; and (b) the

extent of the review providg all the assurance of safety
that is necessary. The Licensing Board agrees with that
position. Decision at 75-78; 92.

This view ignores a central tenet of nuclear power

plant licensing. Nuclear reactors are not licensed unless

.tﬁey meet the Commission regulations. They cannot be

licensed 6n the basis that, although an applicable regula-
tion is not met, the public health and safety wili"still be
protected. For as the Appeal Board has noted, "once a

regulation isiadopéed, the standafds it embodies represent
the Commission's definition of what is required to protect

the public health and safety." ALAB-138. Vermont Yankee

‘Nuclear Power Corp. (Vermont Yankee Station), ALAB-194, 8

AEC 431, '435 (1974). The response spectra do not comply

with the Commission's regulations. That defect is not cured

" by Staff and Applicant assurances that the plant is safe

anyway.
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E. THE LICENSING. BOARD ERRED IN FINDING
THAT THE USE OF AN OPERATING BASIS
EARTHQUAKE OF 0.20g MEETS REGULATORY
REQUIREMENTS

Introductory Statement

Appendix A establishes two levels of seismic design:
the Safe Shutdown Earthquake ("SSE") and the Operating Basis
Earthquake ("OBE"). Previous sections discussed the SSE
(Hosgri .earthquake) criteria for the DCNPP. This section

discusses the OBE defined by Appendix A as follows:

-

"that earthquake which, considering the
regional and local geology and seismology and
specific characteristics of local subsurface
material, could reasonably be expected to
affect the plant site during the operating

~ life of the plant; it is that earthquake
which produces the vibratory ground motion
for which those features of the nuclear power
plant necessary for continued operation
without undue risk to the health and safety
of the public are designed to remain func-
tional."

Sec. ITI(d), Appendix A.
Appendix A further states that -

[Tlhe maximum vibratory ground acceleration
of the Operating Basis Earthquake shall be
at least one-half the maximum vibratory
ground acceleration of the Safe Shutdown
Earthquake. (emphasis added)

Sec. V(a) (2), Appendix A.
The OBE adopted by the Applicant and approved by the

47.
NRC sStaff is 0.20g. SER, Supp. 7 at 2-3, This is less

47/ The value assigned to the OBE for the Hosgri reanalysis -

— 0.20g - is the same as the original OBE (design earth-
quake). It was taken as one-half the original SSE
(double design earthquake) - 0.40g. "Design Earthquake"
and "double design earthquake" were the terminology used
for "OBE" and "SSE" before adoption of Appendix A.
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than one-half the effective ground acceleration of 0.75g
adopted by the Staff as the SSE. SER, Supp. 7 at 2-4. The
Licensing Board found that "use of an operating basis earth-
quake of 0.2g is reasonable for the Diablo Canyon facility."
Decision at 65. The Joint Intervenors have a different
view. Our's is that use of an operating basis earthquake of
0.20g violates the‘regulatoryrrequirements. J.I. Exceptions
at 63~70.

‘Discussion

The Licensing Board assigns several reasons for its
decision. First, it concludes that "the OBE requirement
(the OﬁE shall be at least one-half (1/2) the SSE) was
intended to apply to the original design basis at the con-
struction permit stage, and is not necessarily applicable to
the instant case." Decision at 63. The basis for this
conclusion is the Statement of Consideration addressing the
Section V(a) (2) requirement “"together with the total .text of
Appendix A." Decision at 63. The Statement of Considera-
tion reads as follows:
Paragraph (a) (2) of Section V has been changed
to require the Applicant to specify the Operating
Basis Earthquake. -A requirement which reflects
‘the seismic design bases for plants recently

evaluated for construction permits that the
maximum vibratory ground acceleration of the
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Operating Basis Earthquake shall be at least one-

half the maximum vibratory ground acceleration

of the Safe Shutdown Earthquake has been added.sgg/

There is nothing in the Statement Qf=Consideration that

supports the Licensing Board's reasoning. Design requirements
aée normally established prior to construction, at the
construction permit stage. The language that the OBE re-
quirement "reflects the seismic design basis for plants
recently evaluated for congtruction permits . . ." refers to

that fact. Had the Commission intended to base the OBE

requirement only on those facts known at the CP stage - as

Further, limiting the OBE requirement to only those facts
known at the CP stage is not conservative. Appendix A is
required to be interpreted conservatively. ALAB-561, supra.
(slip. Op. at 32, Mr, Farrar dissenting); see also, 42 Fed.
Reg. 2051 (Appendix A is amended to make explicit that
earthquakes larger than those in the historical record may
be selected as the SSE).

Finallyﬂ the'Licensing Board gives no‘hint as to why
"the total text of Appendix A" leads it to believe that the

Commission intended to base the OBE requirement only on

48/ The Joint Intervenors excepted to the Licensing Board's
statement that the revision to Appendix A incorporating
the OBE requirement was issued September 1, 1978. J.TI.
Ex. at 64. In fact, it was included in Appendix A as
originally adopted by the Commission. The proposed
Appendix was published, with the Statement of Considera-
tion on November 13, 1973 and became effective December
13, 1973. 39 Fed. Reg. 31279.
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those facts known at the CP stage. In sum, its interpretation

should be rejected. It strains the language of the State-

ment of Consideration, hads no basis in any other part of

e

Appendix~A, and violates the requirement that Appendix A be

1

interpreted conservatively.

¥ 1
£

The Licensing Board argues that the OBE requirement is

a "guideline for prudent design rather than a non-clad

tﬁ,’r}if“’]

necessity for Regulatory approval." Decision at 63-4.

Y3

Designating the OBE as one-half the SSE is an arbitrary

requirement - based on past Staff practice rather than a

=)

rigorous engineering evaluation. Decision at 63. For that

reason, a flexible approach is appropriate.

GEs

There are two problems with this line-of argument.

First, fﬁe_Licensing Board fails to explain why, on the one
hand, the OBE requirement is arbitrary, while oﬁ’the other
[j the Staff's probabilistic criteria are not. If it is
arbitrary to select an OBE equal to one-half the SSE, why is
it any less so to establish the OBE as an earthquake with a
return period of no less than approximately 110 years? Why

not 300 years? Why not .1000? The Licensing Board fails to

address that question.
Equally important, the Licensing Board has overlooked

a fundamental rule of statutory construction: use of the
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word "shall" in the text indicates a mandatory intent unless

convincing arguments to the contrary can be made. C. SANDS,

SUTHERLAND'S STATUTORY CONSTRUCTION §25.04 (4th ed. 1973).

The Licensing Board's arguments that the OBE requirement is

- discretionary is not convincing; it is not supported by

either the Statement of Consideration or the text of Appendix
A.

The Licensing Board argues that establishing an OBE
less than one~half (1/2) the SSE on the basis of probabil;
istic estimates is consistent with past Staff practice and
regulatory requirements. Appendix A defines OBE as an
earthquake which could reasonably be expected to affect the
plant site during éhe operating life of the plant. Sec.
;II(d), Appendix A. The Staff considers that an earthquake

with an exceedance probability no greater than 30% and a

~ return time less than approximately 110 years qualifies as

the OBE. Decision at 64. PG&E introduced studies con-

cluding that the lowest average return time for a peak

acceleration of 0.20g at the site is‘275 years; the corres-
ponding exceedance probability for a forty (40) year plant
lifetime, approximately 14.5%. Hoch Testimony at 1ll.

This approach raises several problems. First, the
relevance of past Staff practice to DCNPP is not established.

The record in this case requires that we speculate as to the
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values assigned to the OBE in cases where it is less than
one-half the SSE. The Staff and Applicant assert that such
plants exist, but the OBE/SSE values were not provided. It

is quite possible that the OBE for these plants, if indeed

they are less than one-half (1/2) ‘the SSE, might be extremely

close to being one-half (1/2) the SSE. TR at 6896; 6905.
For example, for a plant with-an .SSE equal to 0.25g, OBE
might be .10g; instead of .iZg. That example would appear
to have little bearing on this case -~ where the OBE is .20g
and one-half the SSE is .375g. In addition, plants assigned
an OBE less than one-half the SSE may all be’ located in
zones of low to moderate seismic risk. That information is
not in the record.‘ The evidence in the record suggests
strongly that at West Coast sites - other than Diablo - Staff
practice is to require an OBE equal to one-half the SSE.QQ/
Hubbard Testimony (OBE) at 5. 1In short, without more in-

formation, the relevance of past Staff practice to the case

here is not established.

49/ Examples provided are:

SSE OBE
San Onofre 1 0.50g 0.25g
San Onofre 2 0.67g 0..33g
Trojan 0.25g 0.15g

Source: Hubbard Testimony (OBE) at 5.
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Second, the Staff states that an exceedance probability
of no"more than 30% and a return period of no less than
approximately“llo years are acceptable criteria for the OBE.
The Licensing Board agrees. Decision at 64; However, no
rational basis is provided for those criteria. Neither the
regulations, the regulatory guides, nor the NRC Standard
Review Plan provides for or endorses the use of these cri-
teria - exceedance probabilities and average return periods -
for determining the OBE. TR 6905.22/ Internal documents ~
recently made public indicate a different Staff view: that
view is that a recurrence interval to the OBE is in the -
range of 300 to 1,000 years.

Finally, the Licensing Board accepts the Applicant's:
estimates of recurrence intervals and exceedance probabili-
ties and fails to discuss evidence that (1) the Applicant's
methodology is faulty and (2) better estimates are available.
The Applicant's probabilistic studies were strongly criti-
cized by Drs. Luco and Trifunac. L.B. Exs. 2-C at 8-12 and
20 at 4; TR 8926-7;9008-09. Dr. Trifunac's probability
stﬁdies were introduced into evidence. L.B. Ex. 2-F & J.
For 0.20g, Dr. Trifunac estimates an exceedance probability

of approximately .30g for a 40-year plant lifetimehand a

recurrence interval of 110 years. L.B. Ex. 2-F.

50/ SECY-79-300, Attachment F (Memorandum from Robert B.
Minogue, Director, Office of Standards Development to
. Commissioner Marson, NRC, 2 (October 8, 1976)).
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Thé Licensing Board finds that "the safety of the plant
and components is measured -against codes which exceed the
1oweg OBE values," and thenrconcludes that fhe safety of the
plant is not controlled by the OBE, but by various codes.
Decision at 65. The Licensing Board's reference to the

testimony and conclusions that it draws is misleading. The

. OBE value assigned to the DCNPP is of safety significance

for several reasons.

First, the OBE, not the SSE, may control the level of
design for safety related features of the piant. Appendix A
requi;és thé plant to:.be capable oY safe operation after the
OBE.él/ The SSE requirement is different. It is that the
plant be capable of safe shutdown, even though it may be

, 52/
severely damaged and lost as a power generating facility.

51/ Section V(a) (2), Appendix A states -

(2) Operating Basis Earthquake. The Operating
Basis Earthquake shall be defined by response
spectra. All structures, systems, and components
of the nuclear power plant necessary for continued
operation without undue risk to the health and
safety of the public shall be designed to remain
functional and within applicable stress and deforma-
tion limits when subjected to the effects of the
vibratory motion of the Operating Basis Earthquake
in combination with normal operating loads.

52/ Section V(a) (1), Appendix A states, in part -

The nuclear power plant shall be designed so
that, if the Safe Shutdown Earthgquake occurs,
certain structures, systems, and components will
remain functional. These structures, systems, and
components are those necessary to assure (i) the
integrity of the reactor coolant pressure boundary,
(ii) the capability to prevent or mitigate the
consequences of accidents which could result in
potential offsite exposures comparable to the
~guideline exposures of this part.
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Put another way, OBE criteria must ensure that the plant
suffers no damage that would bar it from restarting and
operating safely immediately following the OBE.

Thus, while the shear and deformation limits permitted
by the various codes for the SSE will be higher absolutely
than those permitted for the OBE, TR 8700, relative to the
stresses developed in the plant for‘thé OBE, the lower
allowable stresses required to ensure continued safe opera-
tion may dictate the level of design. For example, the
Applicant testified that design for some of the plant piping
is controlled by the OBE. TR 7692;8700.

Second, the value of the OBE utilized in the seismic
test program by the Applicant is of safety significance.
(Joint Intervenors' Exhibit No. 65, at 4~9) For -example,
IEEE Standard 344-1975 provides that testing for deéign
verification of safety related electrical equipment must
meet the following requirements:

6.1.4 OBE TESTS. Seismic qualification tests
on Class 1lE equipment designed to show adequacy
of performance during and following an SSE
must be preceded by one or more OBE tests.
_The number of tests shall be justified for
‘ each site or shall produce the equivalent
effect of 5 OBE's. The purpose of this is
to show that the lower intensity earthquake
(which has a high probability of occurrence)
will neither adversely affect an equipment's
performance of its safety function nor cause
any condition to exist which, if undetected,
would cause failure of such performance
during a subsegquent SSE. These tests may
also provide a part .of the aging requirement
of IEEE std 323-1974, IEEE Standard for
Qualifying Class 1lE Equipment for Nuclear
Power Generating Stations. -

(Joint Intervenors' Exhibit No. 65, at 4-9.
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The Licensing Board found that an OBE equal to.or

greater than 50% of the SSE was used to test plant elec-

trical equipment- for th31HOSgri.‘ Decision at 65. - That
finding is important but addresses only a small part of the:
overall problem. The Licensing Board failed to determine
whether the OBE value has safety significance in .any other
Qerification programs, and, if sb, what value was used.
Third, non-safety related equipment - designed to the
OBE - and safety related equipment - designed to the SSE -
may interact in a maﬁner that -impairs the plant operator's

ability to shutdown the plant safely. In other W6rds,

failure in systems designed to -the OBE could jeopardize

plant safety.

Another pfoblem, the Licensing Board decision‘glosses'
over concerns regarding the vertical acceleration values
used in the OBE analysis. Instead of performing a dynamic
analysis - where the vertical acceleration increaseé'as a
function of elevation, the Applicant used constant accel-
eration values for the containment structure, TR 7041, the
auxiliary building, TR 7134, the intake structure, TR 7227;
7228, the turbine“building, TR 7196, the outdoor water
storage tanks, TR 7304; 7305, and the buried tanks, TR 7335.
For some components of the DCNPP, the vertical acceleration

was taken as two~thirds of ground acceleration for the OBE.
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For some of the piping, the verﬁical specfrﬁm that was useé
was two-thirds of the floor -acceleration. TR 7672;‘7674.

A dynamic vertical analysis could result ih load calcula-
tions greater than those obtained using a constant accelera-
tion by factors of tﬁo to six. Hubbard Testimony. J.I. EXx.
65 at 4-10.

The Licensing Board concludes that setting the OBE at
0.2g, rather than a higher level, will require PG&E to shut
the plant down for inspection at a lower acceleration than
otherwise, thereby adding a further safety feature. Decision
at 65. However, the Licénsing Board fails to addfesérthe
problem that adequ?te post—~OBE inspection plans have yet to
be developed.

The current requirements for a post-OBE inspection are
stated in Section 3.7.4.IX.4 of the Standaid'Review Plan.
Since neither the regulations nor the Standard Review Plan
provides details on the extent of such inspections, generic
safety program Task Action Plan B-50 (TAP, B-50)is applicable
to the Diablo Canyon OBE assessment.

Neither the FSAR nor the Staff in the SER has identi-
fied the plan and schedule for the required research ?nd
development on post-OBE inspection that is the subject of
TAP B-50. The SER also fails to discuss TAP-49, "Inserxrvice

Inspection Criteria and Corrosion Prevention Criteria for

ti
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Containments," which addresses the fact that detailed and
comprehensive criteria need to be developed for performing
inservice inspections of all types of containment. Hubbard
Testimony (OBE) at 10-11.

In conclusion, use of an OBE equal to 0.20g violates

the Commission's regulations. Appendix A expressly provides®

for selection of an OBE equivalent to at least one-half
(1/2) of the SSE. Exempting nuclear plants from this re-
quirement may be justified in seismically inactive zones,
because the regulations provide that:
[i]f an applicant believes that the particular
seismology and geology of a site indicate that
some of these criteria or portions thereof,
need not-.be satisfied, the special sections of
these criteria should be identified in the
license application and supporting data 'to
- justify clearly such departures should be
presented. 10 CFR Part 100 Appendix A(II)
However, where a nuclear plant is located in an area of high
seismicity, as is the case with DCNPP, an exemption to the
regulatory requirements is not justified. 1Indeed, Appendix
A specifically- provides that "[aldditional investigation

and/or more conservative determinations than those included

in these criteria may be required for sites located in areas

having complex geology or in areas of high seismicity."

(Emphasis added) Sec. II, Appendix A. Thus, if anything,
perhaps an OBE greater than one-half the SSE should be

required for the DCNPP.
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Finally, it bears to repeat here -a point made earlier
53/
in the brief.” = The Commission regulations are the defini-.

tion of what is required to protect the public health and
safety. ALAB-138 at 528. It is not sufficient for the
staff to assure us that their probability standards for
determining OBE will make the plant safe enough. Reactors
may not be licensed unless they comply with the Commission
standards. ALAB-138 at 529. In this case the Staff and
Applicant have substituted their own standard for the Com-
missién's. ALAB-194 at 445. For sanctioning that aétion,

the Licensing Board's decision ‘'should be vacated. 'y

53/ Supra. at 68.




3 23 o (SIS

R

t

» -82-

CONCLUSION

WHEREFORE, for all the reasons cited above, the Joint
Intervenors respectfully request the Appeal Board to VACATE
the decision of the Licensing Board.

The JointVIntervenors further request the Appeal Board
to ORDER additional analyses to determine more precisely the
nature of structural and equipment response to a postulated
7.5 magnitude earthquake on the Hosgri fault. To that end
the Applicant, Staff and Joint Intef&enors should be directed
to meet with Drs; Trifﬁnac and Dr. Luco to discuss the scope
and nature of such studies'and report to the AppealkBoard.

The Joint Int?rvenors further request the Appeal Board
to ORDER that studies on systems interaction during an
earthquake and opérator procedures to shutdown the DCNPP
safely during an earthquake be undertaken, completed and
subject to hearing prior to issuance of an operating license.

Additionally, the Joint Intervenors request the Appeal

Board to hear oral argument on the issues discussed herein.
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