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In the Matter of

PACIFIC GAS AND ELECTRIC COMPANY

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

INITIAL DECISION
0 eratin Licensin Proceedin s

UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD

I.
Introduction

This Initial Decision considers the application by the Pacific Gas and

Electric Company (the Applicant or PGSE) for facility operating licenses

to authorize the operation of the Diablo Canyon Nuclear Power Plant, Units

1 and 2 (the facility). The facility consists of two pressurized water

nuclear reactors located on Applicant's site in San Luis Obispo County,

California.

The United States Atomic Energy Commissiork issued on October 10, 1973,

a "Notice of Receipt of Application for Facility Operating Licenses;

Notice of Consideration of Issuance of Facility Operating Licenses and

Notice of Opportunity for Hearing."

1/ In accordance with the Energy Reorganization Act of 1974, or 88
Stat 1233, the Atomic Energy Commission has been abolished and
its regulatory responsibility have been assumed by the Nuclear
Regulatory Commission. All references in this decision to the
"Commission" shall, unless otherwise indicated, refer to the
United States Nuclear Regulatory Commission.





The Notice was published in the Federal Register on October 19, 1973

(38 Fed. Reg. 29105). The Notice related to Pacific Gas and Electric

Company's (the Applicant or PG8E) application for authority to possess,

use, and operate the Diablo Canyon Nuclear Power Plant, Units 1 and 2,

two pressurized nuclear reactors (facility) on the Applicant's 750-acre

site in San Luis Obispo County, California.+ The Units are manufactured

by Westinghouse and are designed to operate at steady-state power levels

of 3,338 and 3,411 megawatts thermal with a net total electrical output of

approximately 2,190 NMe. The facility is located adjacent to the Pacific

Ocean on Diablo Cove approximately 12 miles west-southwest of the city of

San Luis Obispo, California. Following prehearing conferences held in

1974, 1975 and 1976 the parties arrived at a consensus with respect to

certain environmental contentions being advanced by the Intervenors which

were ripe for hearing. Included were certain contentions designated as

"controverted contentions" as to which the parties were unable to agree

on language.

1/ Construction of the facility was authorized by the Construction
Permits Numbers CPPR-39 and CPPR-69 issued by the Atomic Energy
Commission on April 23, 1968 and December 9, 1970, respectively.
Unit 2 (CPPR-69) was the subject of Construction Permit Stage
Environmental Hearing under the then governing regulations, 10 CFR

Part 50, Section B to Appendix D. Unit 1 was not the subject of
~ a construction permit stage environmental hearing although environ-

mental data inseparably applicable to both units was considered at
the hearing" for Unit 2. Pacific Gas and Electric Com an (Diablo
Canyon Nuclear Power Plant, Unit 2 , LBP-74-60, 8 AEC 277 (1977).

2/ On October 18 and 19, 1977, a public hearina was held at the San Luis
Bay Inn, Avila Beach, California, to consider the remainino non-seismic
issues other than the security plan. Followinq this hearing, the
Applicant filed its proposed findings of fact and conclusions of law
on November 11, 1977. In an order dated January ll, 1978, the Board
ordered the other parties to file similar pleadings.

Joint-Intervenors'roposed

findings were filed on February 28, 1978 and supplemented by
an errata sheet dated March 9, 1978. Applicant filed its reply to
to Joint Intervenors'roposed findings on March 14, 1978. The Staff's
proposed findings were filed March 17, 1978.
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The evidentiary hearings on the environmental phase of these operatinq license

proceedings were held December 7-10, and 13-17, 1976, in San Luis Obispo.

The hearings considered evidence of PGSE, Intervenors and the NRC Staff on

the environmental contentions pending before the Board. — During the course1/

of the environmental hearings the Board considered the somatic and genetic

effects of radiation.—2/

A partial initial decision on environmental matters was issued on June 12,

1978 and a more detailed history of this proceeding is set forth in that

Partial Initial Decision. See Pacific Gas and Electric Com an (Diablo

Canyon Nuclear Power Plant, Units 1 and 2), LBP-78-19, Partial Initial

Decision (Operating License) (Environmental Issues), Docket Nos. 50-275

O.L., 50-323 O.L., 7 NRC 989 (1978).

1/ On November 17, 1976, Intervenors also moved for reconsideration
of their motion to add new "ontentions. At the environmental
hearing the Board denied the motion in part (Tr. 1609-11). It
did admit the following contention to be considered at the safety
hearing: whether the final environmental statement adequately
assesses all adverse environmental impacts that could occur from
possible earthquake-caused accidents, including, but not limited
to, Class 9 accidents, given the high potential seismici ty of the

~ Diablo Canyon site and the current design and construction of the
'iablo Canyon nuclear plant.

2/ Pacific Gas and Electric Co an (Diablo Canyon Nuclear Power Plant,
Units I and 2) LBP-78-19, 7 NRC 989, at 1024 (1978). However, the
Board deferred consideration of part of Intervenor's contention on
the environmental effects of radiation releases due to seismic acci-
dents until the safety hearing. The record was also specifically
held open for receipt of the new S-3 generic table on the environ-
mental effect of the fuel cycle when the Commission's interim rule
is in place. (Tr. 1581, 1603-12).
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As we noted in the Partial Initial Decision of June 12, 1978 ~su ra,the

Partial Initial Decision (see 7 NRC at 1036, note 17) was issued

only because of the inordinate delay due to the seismic issue. The

Partial Initial Decision is incorporated into this Initial Decision

which recites an appropriate order.

The remaining radiological health and safety issues were set for hearing

by Order dated August 7, 1978. The hearings were held in Avila Beach,

California beginning on December 4, 1978 on the seismic issues admitted

as contentions in this proceeding. At those hearings members of the

public made limited appearance statements on the two days set aside for

that purpose, i.e., December 4 and 5, 1978. All limited appearance

statements were considered by us in reaching our decision. This Initial
Decision addresses those health and safety matters, namely the seismic

issues and the security contention put in contention by the Intervenors

in this proceeding, and this Board's ultimate decision on the issuance

of operating licenses for this facility.

Following reviews by the Staff and the Advisory Committee on Reactor

Safeguards, public hearings were conducted on the seismic issues on

December 4-23, 1978, January 3-16, 1979 and February 7-15, 1979 to

consider the contentions in issue at the health and safety phase of

these proceedings.





II.
Issues and Summar of Findin s

The issues considered at the health and safety phase of the operating

license proceeding are in two broad classifications; namely: the seismic

issues generated by the di scovery of the so-called Hosgri Fault off

the coast of California near the site of the Diablo Canyon facility

and the security issue. The seismic issue generally breaks down into

three categories: the maximum credible earthquake on the Hosgri Fault;

the ground motion expected at the Diablo site; and the response spectra

of the structures and equipment in the Diablo Canyon facility. For

purposes of reference the contentions are set out as follows:

The seismic design for the category one structures,
systems, and components of the Diablo Canyon nuclear
power plant (Unit,l) fails to provide the margin of
safety required by 10 CFR Part 50 and 10 CFR Part 100
in that:

1. The Applicant has failed to conduct investigations
of the Hosqri fault system to determine adequately
(i) the length of the fault; (ii) the relationship
of the fault to regional tectonic structures; and
(iii) the nature, amount, and geologic history of
displacements along the fault, including particularly
the estimated amount of the maximum guarternary dis-
placement related to any one earthquake along the
fault.

2. A 7.5 magnitude earthquake is not an appropriate
value for the safe shutdown earthquake.

3. A .75g acceleration assigned to the safe shutdown
earthquake is not an appropriate value for the
maximum vibratory acceleration that could occur
at the site.

4. The maximum vibratory acceleration of .2g for the
operating basis earthquake is not 1/2 of the maxi-
mum vibratory acceleration of the safe shutdown
earthquake.
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5. The Applicant has failed to demonstrate, through
the use of either appropriate dynamic analysis or
qualification tests (or equivalent static load
method where appropriate), that Category I
structures, systems, and components will perform
as required during the seismic load of the safe
shutdown earthquake, including aftershocks and
applicable concurrent functional and accident-
induced loads, and that Category I structures,
systems and components will be adequate to assure:

(a) the integrity of the reactor coolant pressure
boundary,

(b) the capability to shut down the reactor
and maintain it in a safe condition, or

(c) the capability to prevent or mitigate
the consequences of accidents which
could result in excessive offsite
exposure.

6. The Applicant has failed to demonstrate, through
the use of either appropriate dynamic analyses
or qualification tests (or equivalent static load
methods where appropriate), that 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 will
remain functional and within applicable stress
and deformation limits when subjected to the
effects of the vibratory motion of the operating
basis earthquake in combination with normal
operating loads.

7. The Applicant has failed to demonstrate adequately
that necessary safety functions are maintained
during the safe shutdown earthquake, where, in
safety-related structures, systems and components,
the design fo~ strain limits is in excess of the
yield strain.

The first two contentions raise the issue of the maximum credible earth-

quake that can reasonable be expected to occur on the Hosgri Fault.

Although some evidence was introduced by Intervenors attempting to show

the maximum credible earthquake was somewhere around SN and
substantial'/

In a letter to the Board dated April 24, 1978, Counsel for the >IRC Staff
set forth the contentions the parties agreed to accept and reject, and

stated the parties had stipulated that the-ACRS letter, the Staff's Safety
Evaluation Report (SER) and supplements, and the Final Safety Analysis
Report (FSAR) and supplements be admitted into evidence. Amendments 50

et seq. to PG&E's application for an operating license application, which
are generally known as the Hosgri Report, were stipulated to be admissible
into evidence with the FSAR and other supporting documents as Applicant's
Exhibit A. Tr. 6924-6926.





evidence was introduced by Applicant and to some extent by the Staff that

the proper assignment of magnitude would be 6.5M, both Intervenors and

Applicant suggest in their findings that the figure of 7.5M be. used.

This'iqure is the one proposed by Staff's consultants (the U.S. Geological

Survey) and used by the Staff in establishing requirements for the design

analyses of the structures, components and equipment for Diablo. In the

circumstances, there now appears to be no substantive controversy on the

acceptability of the magnitude assigned by the Staff. The Board finds

that an assignment of 7.5M is conservative and is applicable for establishing

the maximum credible earthquake that can reasonably be expected to occur

on the Hosgri Fault.

Contention number three raises the question of what qround motion can be

expected at the Diablo site. The Intervenors relied principally on USGS

Circular 672, Table 2 in drawinq their conclusion that the qround motion

should be 1.15g rather than .75g used by the Applicant and Staff. The

arguments of the Intervenors in this regard were not convincing. Indeed,

members of the USGS principally responsible for assignment of the magni-

tude for the Hosgri made" it clear on the record that the figures in Table

2 were not to be taken as absolute design requirements. To the contrary,

the explanation accompanying Table 2 in Circular 672 envisions the type of

design approach used by the Staff in its analysis. Considering all

testimony given on this issue, the Board finds that the assignment of

.75g acceleration to the safe shutdown earthquake is an appropriate value

for the maximum vibratory acceleration that could occur at the site.
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Contention number. four raises the question of whether an operating basis

earthquake that is not one-half of the maximum vibratory acceleration of

the safe shutdown earthquake meets the requirements of the Commission's

regulations. The Intervenors seem to take the oosition that when one

assigns a 7.5N as a maximum credible earthquake with a maximum vibratory ac-

celeration of .75g, the Commission's regulations require that the OBE be

established at precisely one-half the acceleration figure, in this case .375g.

The Applicant and Staff take the position that assignment of .2g for the

operating basis earthquake is actually more conservative and, therefore,

provides a greater protection of public health and safety and that in any

event the return period for an OBE is so remote that a figure of less

than one-half of the SSE may be used. The Board finds that the use of .2g

for the operating basis earthquake is actually more conservative and,

therefore, provides a greater protection of public health and safety and

that in any event the return period for an OBE is so remote that a figure

of less than one-half of the SSE may be used. The Board finds that the

use of .2g for the operating basis earthquake is reasonable and would

not adversely affect the public health and safety.

Contentions 5, 6 and 7 raise the question of how plant structures,
E

components, and equipment will respond to the vibratory ground motion one

might reasonably expect from a Hosgri event. Intervenors did not present

any reliable or probative evidence of their own on this point nor did

their cross-examination of Staff and Applicant witnesses tend to prove
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their case. Applicant and Staff on the other hand introduced a consider-

able amount of evidence through highly qualified witnesses. Those presen-

tations convince the Board that the plant structures, components and

equipment will withstand the vibratory. ground motion one might reasonably

expect from a maximum credible earthquake on the Hosgri and that the

public health and safety would in no way be jeopardized.

I II.
Findin s of Fact-

A. Geologic Setting Of The Site

Contention (I):
The Applicant has failed to conduct investigations of
the Hosgri fault system to determine adequately (1) the
length of the fault; (ii) the relationship of the fault
to regional tectonic structures; and (iii) the nature,
amount, and geologic history of displacements alonq the

1/ Eva uatson of t e seismic design and seismic response of the Diablo
Canyon facility is a fully integrated process involving principally
the fields of geology, seismology, geophysics, structural engineering,
mechanical engineering, and electrical engineering. Operation of the
facility is based on an amalgamation of these disciplines into one
whole. The scientific and engineering fields are considered to be
separate disciplines although there is some overlap. (Tr. 5954-5956).

For example, after a certain amount of experience the structural
engineer develops the ability to judge whether for a particular
area of the world ground motion values recommended by a seismologist
for design of a structure are reasonable. Similarly, the seismologist
can judge whether the earthquake magnitude recommended by the geologist
is sound. Generally, the seismologist and the geologist use physical
data when trying to predict earthquakes and their magnitudes. Some
of the physical data they use is the same, i.e., fault length and
type of fault; hence, the overlaps. Generally, however, they are
using different data since the geologist and seismologist are
approaching the problem from a somewhat different perspective,
although they work closely together.

We have gone into all this to explain that treatment of these
matters in either the hearings or our findings all at once is
difficult. The subtopics must be separated out for evaluation and
then put back together. As a consequence, as with the scientific
and engineering fields we deal with there will be overlaps in
our findings from one general subject area to the next. The
places where this occurs will be obvious.
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fault, including particularly the estimated amount
of the maximum guarternary dtsplacement related to
any one earthquake along the fault.

The significance of this contention lies in the fact that the length,

nature and geologic history of a fault are used by geoscientists in

arriving at a figure representing the maximum credible earthquake which

might occur on that fault. Although all the parties provided a consider-

able amount of evidence on this point, it appears through the submission

of findings that all parties agree to the assignment of a 7.5N. Therefore,

there is no longer a need to consider the validity of contention number

1. However, a discussion of the nature of the fault and its geologic

history helps provide better overall understanding of the case and the

degree of conservatism reflected in the assignment of 7.5H as a maximum

credible event on the Hosgri Fault.

Since issuance of the construction permits in 1968 and 1970, studies of the

geologic structure offshore from the site have been published. — These

studies revealed significant geologic structure offshore from the Diablo

Canyon site. The Applicant conducted extensive high resolution geophysical

investigations along that reach of the structure. Profiles obtained by the

Applicant were made available to the USGS and those obtained early in the in-

vestigations were included in the independent interpretation of the offshore

structure by Wagner (1974). The Applicant's interpretation together with

a summary of the results presented by Hoskins and Griffiths (1971) and

Hosksns and Gr~ffiths, 1971; 'llagner, 1974; Testimony of Dr. Carl J.
Stepp ("Stepp Testimony) following Tr. 8484, at 2-3.
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Wagner (1974) are included in the FSAR for the Diablo Canyon site, The

Hoskins and Griffiths (1971) paper gives the results of an interpretation

of extensive deep penetration seismic reflection surveys along the

California Coast. The surveys revealed a structural basin offshore of

the Southern Coast Ranges which is called the Santa Maria basin. It is

described as being a shallow, synclinorium about 140 miles long and 25 to

30 miles wide. Structural grain within the basin trends northwest parallel

to the trend of the basin. Major faults bound the basin on both the east

and west. The eastern border fault, which is now known as the Hosgri Fault

(after Hoskins and Griffiths), as. identified by Hoskins and Griffiths,

passes within about 5 miles of the Diablo Canyon site. It is about 90

miles in total length.+

The Hosgri fault zone is present in the area offshore from the coast of

south-central California, where-it extends for a distance of about 90

miles (145 kilometers) between end points near Purisima Point on the

south and near Cape San Martin on the north.+ It may be part of the San

Gregorio-San Simeon-Hosgri fault system. — The fault zone is part of the

Coastal Boundary zone, which is a boundary feature between the uplift of

the Southern Coast ranges and the structural depression of the adjacent

offshore Santa Maria and Sur Basins. — The Hosgri "ault underlies the

1/ Stepp Testimony at 2-3.
2/ Testimony of Douglas H. Hamilton, Dr. Richard H. Jahns, Dr. C. Richard

Millingham following Tr. 4457 ("Applicant's Testimony" ) at 106, Tr,
4418, 4859.

3/ Tr. 4645.
4/ Applicant's Testimony at 107.
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sea floor at water depths ranging from 150 to 500 feet. The generally

featureless character of the sea floor along the Hosgri fault'race

precludes the possibility of either large-scale or recurrent surface

offsets along it during the last 10,000 to 17,000 years% The principal

sense of movement along this fault is strike-slip, although it has a

2/ ~ ~

dip-slip component, and both probably are significant.— The Hosgrs ss

not the kind of fault upon which one would expect a great earthquake.—3/

It is too small and does not indicate a past occurrence of major cumula-

tive slip, at least during the last five million years. —
. The Hosgri is4/

not a major feature in its current ro7e in the regional tectonic situa-

tion. The differential drift between the two principal plates involved in

the area (Pacific and North American) is about six centimeters a year,

most of which can be accounted for by

Rinconada Faults, leaving very little
movement along the San Andreas and

for other faults.—

l/ Applicant's Testimony at 108; Tr. 5333, 5353.

2/ Tr: 5315.

3/ "Great" earthquakes are defined as 8.0M or greater on the Richter
magnitude scale.

4/ Tr. 5315.

Q5 Tr. 5315, 5316.



't
ql



-13-

The Hosgri Fault has dimensions that equal those of some second-order

faults; however, no record of its behavior during early and middle

Pleistocene time (10,000 to 2-1/2 Mil1ion Years~Before Present (MYBP))

remains owing to successive episodes of marine planation of the rocks within

which it is developed. Consequently, it has not been possible to deter-

mine whether it should be regarded as a small second-order or a large

third-order fault, although it is clearly not a first-order fault.—1/

However, there is enough evidence of late-Pleistocene (the last 500,000

years) to consider the Hosgri to be a capable fault within the meaning of

10 C. F. R. Part 100, Appendix A of the Nuclear Regulatory Commission's

'egulatio'ns. — The amount of movement which has occurred on the Hosgri

during this period is very small, measured in feet rather than tens or
3/hundreds of feet. — Evidence of recency of movement on the Hosgri fault

zone is found in offsets of the sea floor together with offsets of the

1 / Applicant's Testimony at 20, 21; Tr. 4422, 4423, 4646.

2/ Tr. 4437.

3/ Tr. 4438.
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Post-Misconsinan sediments. Wagner .(1974) found those offsets on three

of his profile crossings of the zone. On other high resolution seismic

profiles, offsets of the base of the Post-Misconsinan sediments are

observed but with no offset of the sea floor. Still other profiles show

no offset of the Post-Wisconsinan sediments. This pattern of offset is

largely supported by the Applicant's investigations.

The Hosgri Fault zone must, therefore, be considered capable within the

meaning of 10 C.F.R. Part 100 Appendix A, Section III (1).+ Although

current movement on 'the Hosgri 'fault appears to be limited to local fault

segments, the Staff assumed for the purpose of establishing the safe .

shutdown earthquake (SSE), that the Hosgri fault is continuous over its

90-mile length. — The Hosgri Fault does not have a high capability for

generating a large (magnitude 6.5 or greater) earthquake based on the

recent behavior of the Hosgri in the geological time sense coupled with

its general position in the tectonic framework.—

The USGS concluded that the Hosgri Fault and the Santa Lucia Bank zone

~(the fault zone that bounds the western side of the Santa Maria Basin)

"should be considered inextricably involved with the strike-slip fault

mechanics of plate boundary motions that are currently concentrated along

the San Andreas fault. " According to the USGS, earthquakes along the

Hosgri Fault should not be expected to be as large as those expected

Ql Stepp, at 5.

g2 Stepp, at 6.

Q3 Tr. 4441, 4442.
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along the San Andreas, but that, gased on the limited information on the

Santa Lucia Bank fault, "the occurrence of an earthquake as large as
l

events characteristic of subparallel strike slip faults, which bound

basins, such as the Santa Maria..." could not be precluded.— The USGS

further concluded on January 28, 1975 that "with the limit of'he present

information as to the interpretation, of the relationship of the East

Boundary fault to the Santa Lucia Bank fault, an earthquake similar to

the November 4, 1927 event, but occurring along the East Boundary Zone or

the Santa Lucia Bank fault zone represents the maximum earthquake that is

likely to occur near to the site."+

After reviewing Amendments 31, 32, 34, 37 and 40 to the FSAR, on April

29, 1976, the USGS reaffirmed its previous conclusion transmitted on

January 28, 1975. In addition to reaffirming that conclusion, the USGS

recommended that a magnitude of 7.5 on the Hosgri fault be used for the

design basis earthquake. The NRC Staff accepted the USGS recommendations.—3/

The U.S. Geological Survey (USGS) concluded that the Hosgri Fault

probably is seismically capable. The USGS further concluded that the 7.3

magnitude Lompoc or Pt. Arguello earthquake of 1927 could have been

1/ Stepp Testimony, at 6; SER Supplement No. 1, Appendix D.

2/ The East Boundary Zone is equivalent to the Hosgri Fault Zone.
Stepp Testimony at 6-7, 23-22 '

3/ Stepp Testimony at 7, 23-22; SER Supplement No. 1, Appendix D.l;
SER, Supplement No. 4, Appendix C.
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ll
originated along the southerly part of the Hosgri Fault. This conclu-

sion was the principal factor in the survey's postulation of a 7.5 maqni-

tude earthquake on the Hosgri Fault as the basis for the design of the

Plant.— Other work leads to the conclusion that the 1927 earthquake

may not have occurred on the Hosgri Fault but instead probably

originated on a currently active fault'ocated somewhere southwest

g3of the Hosgri in association with the Transverse Ranges structure.

The amount of possible lateral slip along the Hosgri Fault is limited.

Both on its north end and on its south end, the Hosgri Fault is not

through-going in the sense of connecting irith other faults in a way that

would permit transmission of tens of kilometers of lateral offset. The

stratigraphic section penetrated by an oil well, known as the Oceano

Ilell, located west of the fault is similar to the stratigraphic section

of the adjacent region east of the fault. Further, the stratigraphy is

unlike the section with which it should correlate if many tens of kilo-

meters of right slip had occurred along the Hosgri Fault. The similarity

of sections between the offshore well and the adjacent onshore region

appears to limit possible lateral slip to a maximum of about 20 kilo-

meters, although it actually could have been much less. The existence of

a wider, more complex pattern of faulting in the Hosgri zone directly

Stepp Testimony, at 23-31.

Q2 Applicant's Testimony at '109.

3/ Hamilton, Applicant's Testimony at 110; Smith, (Testimony of Dr. Stewart
Smith following Tr. 5490) Applicant's Testimony at 22-26; Hofmann,Staff's Testimony at 2, 3; Joint Intervenors'J. I.) Ex. 47; PG and E
Ex. 45; Tr. 5483, 5959, 8313, 8314; Stepp Testimony at 23, 28, 31.
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opposite the Point San Luis structural high on the Hosgri's northern

section adjacent to the plant site, but not opposite Estero Bay further

north along the strike. supports our finding that lateral slip in that

region has not exceeded a few kilometers, at least over the last five-

mi1 1 ion years.+

Exploration of the Hosgri Fault has been accomplished chiefly through use

of various geophysical techniques since the Hosgri Fault lies under water

for its entire length. Methods employed include several types of seismic

or acoustic reflection profiling systems, as well as mapping of the

earth's gravity and magnetic fields in the region traversed by the fault;

The seismic data is of three basic kinds: shallow sub-bottom profiling,

which affords the highest resolution; standard single channel sparker

data; and common depth point data, which prov'ides the deep penetration.—3/

Approximately 9',000 miles of lines of profiles in the offshore area of

the Hosgri Fault Zone were reviewed in tne analysis of the Hosgri Fault.~4/

The main or central reach of the Hosgri Fault extends over a distance of

about 60 miles, between the approximate latitudes -of Point Sal on the

south and Cambria on the north. Beyond this reach, the Hosgri extends

Ql Applicant's Testimony at 118, 119; Tr. 4930-4936, 4946, 4947, 4952-4954,
4957-4959.

Q2 Maps showing some of the regional and local geophysical survey
track lines are in evidence as is a description of the various
techniques that have been applied in exploration of the fault.

.'Applicant's Testimony at 111.

Q3 Tr. 4578-4593, 4599-4602, 4605-4618.

J4 Tr. 544
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about ten miles farther south and.about 20 miles farther north to give a

total length of about 90 miles. Movement along the fault has involved

right-oblique slip (i.e., slip having components of vertical and right-

lateral strike-slip movement). The existence of an undisturbed sea-floor

across the fault at most points near Estero Bay on the northern reach of

the Hosgri precludes any possible Holocene (up to 10,000 years ago)

rupture along the north-central reach of the fault from exceeding a few

thousand feet in length.+

On the north, the Hosgri Fault zone can be traced for about 30 miles

north of Estero Bay where it lies en echelon with the San Simeon fault.—2/

The Hosgri Fault and the San Simeon Fault are not connected. Seismic

reflection lines that cross the Hosgri Fault between Point Estero and

Point San Simeon do not show any major branches of the Hosgri extending

toward the projected southerly extension of the San Simeon Fault. These

reflection lines show that the contact between late Tertiary (2.5 million

to 16 million years ago) rocks and basement rocks that approximately

parallels the shore line between Point Estero and Point San Simeon is not

displaced as it should be if offset by major vertical or lateral faulting.

A shale that lies along the southwest side of the San Simeon fault at San

Simeon Point can be traced'o the southeast indicating the San Simeon

fault does not veer toward the Hosgri in that reach. The splay faults

1/ Applicant s Testimony a+ 115-120.

2/ Stepp Testimony, at 16-19, Tr. 4871-4873.
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The Hosgri Fault dies out north of the Point Piedras Blancas. It does

not veer toward the San Simeon fault but instead gradually dies out

along a trend that is subparallel to that of the San Simeon fault.

Additional evidence precluding the possibility of a link between the

Hosgri Fault and the San Simeon is provided by the aeromagnetic map of

the Point Estero-San Simeon region. This map indicates that a block of

basement rocks extends unbroken between the Hosgri and the San Simeon

faults in the area that would contain any linking break that could pe@nit

through-going transfer of slip from one fault to the other. The magnetic

anomaly pattern indicates that no such break exists, and therefore, we

conclude that the Hosgri and San Simeon faults are distinct, unconnected

breaks'he

Hosgri and San Gregorio are not linked to form one fault. The San

Simeon and Hosgri faults form the eastern boundary of the Santa tlaria

Basin. Hoskins and Griffiths (1971) map the northern boundary of the

Santa Maria Basin as being the west-northwest trending Point Sur antiform

and the Pfeiffer fault. The San Simeon Fault either veers to the west-

northwest or continues as the Point Sur Fault. The Point Sur Fault is

1/ Applicant's Testimony at 120-123; Tr. 4422, 4923-4926.
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mapped as a thrust fault while the San Simeon displays predominantly
1/

normal movement.

The U. S. Geological Survey concluded that offshore faults north of Point

Piedro Blancas (an area of possible linkage between the San Simeon and

San Gr egorio Faults) do not form a single continuous fault. The USGS

states that the San Simeon fault if projected northwest immediately

offshore is truncated by the Sur Nacimiento Fault zone, (USGS 1976). The

2/Hosgri Fault terminates in folding in this region or trends more westerly.—

The Hosgri and San Simeon Fault zones belong to the same coastal zone of

deformation. The style of tectonism within the coastal deformation zone

is one of anastomosing and en echelon faults, which is typical of other

fault systems within the Coast Range that are subsidiary to the San

Andreas. The Hosgri Fault and the San Simeon Fault approach as close

to each other as 2-1/2 miles north of Estero Bay. However, substantial

geologic data leads us to conclude that they are not directly linked.—

Thus from the preponderance of avil able geologic evidence, we conclude

that the relationship between the Hosgri, San Simeon, and San Gregorio

Fault zones is one of an echelon or anastomosing series of faults, which

is typical of fault systems in the Coast Ranges, and not a continuous

plate margin master break, like the San Andreas.—

1/ Stepp Testimony, pp. 19-20.

2/ Ibid.

3/ Stepp Testimony, at 17-19.

4/ Ibid., at 19-20, 22.
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On the Hosgri Fault to the south from. about the latitude of Point Sal

southward, the Hosgri Fault progressiveli loses definition as a separate

major break and dies out within a zone of complex folding and faulting

that generally characterizes this region. This interpretation is supported

by the original Shell Oil Company map of the fault published by

Hoskins and Griffiths and the mos'f recent USGS map.—1/

The Hosgri Fault either terminates or passes into the Transverse

Ranges structure. This interpretation is consistent with mapped Coast

Ranges structures in the region where they intersect Transverse Range

structures.—2/

The Hosgri Fault forms the southerly part of the Coastal:Boundary zone

of features and faults that lie between the uplift of the Southern

Coast Ranges and the structural depression of the offshore basins.

Because of its location at the south end of the Coast Ranges, the

southernmost end of the Hosgri Fault extends into the region of

transition ("Transition Zone" ) from the Southern Coast Ranges region in-

to the Transverse Ranges structure. The Transverse Ranges, including

the region of transition is one of active compression and is the area

in the vicinity of which large earthquakes are more likely to occur

1/ Applicant s Testimony at 123-125; PGandE Ex. 45, p. 14; Tr. 4874,
4875.

2/ Stepp Testimony at 16, 12-16, 21.
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than in the Coast Ranges region. — In other words, the Hosgri Fault Zone1/

is to be contrasted, in terms of tectonic setting, in earthquake capabil-

ities with the Transverse Ranges and the Applicant's Transi'tion

Zone.—

The overall structural relationships of the Hosgri can be generalized

into three regions, each characterized by a particular set of relation-

ships. These include first the northerly region where strain is trans-

ferred across the Pi edras Blancas antiform between the Hosgri Fault and

the next major member of the Coastal Boundary zone to the north, the San

Simeon Fault.= The second region is the central region where west-

northwesterly trending folds and faults in the uplifted ground east of

the Hosgri are detached across it from north-northwesterly folds in the

downdropped basin on its west side. Lastly, is the southerly region

where the Hosgri enters and dies within the region of merging between the

Southern Coast Ranges and the Western Transverse Ranges.—

The entire length of the Hosgri Fault zone has been surveyed by inter-

mediate and high-resolution systems. The results of this exploration

show that both the sea-floor and the wave-cut rock surface beneath the

post-Misconsinan (17,000 years ago and younger) surficial deposits are

unbroken along most survey lines south of San Luis Obispo Bay. A .recent

Ql Tr. 4660, 4661, 4666, 4736.

2/ Tr. 4419.

Q3

Applicant�'s

Testimony at 125-128.
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survey commissioned by and conducted for the USGS by Fugro Inc.— shows

offset of the base of the post-llisconsinan deposits along a short reach

of the Hosgri Fault south of Pt. Sal. That survey concludes, however,

that the Hosgri Fault probably terminates about the latitude of Purisima

Point.—

Geological evidence was presented by Intervenors concerning the length of

an assumed continuous San Gregorio-San Simeon-Hosgri Fault, the amount of

right lateral slip which occurred on the hypothetical continuous fault,
and the maximum size of the earthquake to be expected on such a feature.—

According to Dr. Graham, in theory, between five and fifteen million years

ago the Hosgri-San Gregorio Fault system was a continuous feature, a key

element of the plate boundary between the Pacific and North American

plates, along which right lateral strike-slip movement of about 115

kilometers occurred. — Or. Graham's theory, however, was based upon an

limited amount of field work,— and depends upon the matching of seven pairs

of geological features on the eastern and western sides of the three faults

(viz',. the San Gregorio, the San Simeon, and the Hosgri). These geological

features consist of the following: rocks and structure at Fort Ross relative to

/ GandE Ex. 45.
2/ Applicant's Testimony at 128-131; Tr. 4688, 4689-4693, 4809-4810,

4816-4818, 4822-4832, 4836-4837, 4839; Tr. 8264-8265.
3/ Joint-Intervenors ("J. I.") Exhibits 48 (Graham) and 49 (Silver);

Admitted Tr. 6148.
4/ Tr. 6196-6198, 6364.
5/ Tr. 6233.
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those near Pilarcitos; rocks at Pt. Reyes relative to rocks at Ben Lomond

Mt.; Pigeon Point formation at Ano Neuvo relative to Critaneous rocks

in the Santa Lucie Mountains; structure at Pigeon Pt. relative to Santa

Lucia, based on gravity data (Eli Silver datum); Point Su-Miocene sandstone

relative to Franciscan source terrain; Big Sur rocks relative to Cambria

rocks; and Pt. Sal stratigraphy relative to that at San Simeon (Clarence

Hall datum). — Material evidence in the record demonstrates, based on

geologic field work at all but one of the above locations,

that the seven 'matching pairs of features or offsettinq points

developed by Dr. Graham do not match. — Furthermore, the evidence based2/

on stratigraphic and also geomorphic data~ shows that slip on the Hosgri

Fault over the last 20 million years is limited to a maximum of about

twenty kilometers. Slip on San Gregorio Fault is limited to about ten

kilometers. — Dr. Graham expressed no opinion as to the present continuity4/

of the San Gregorio or Hosgri Fault Systems, the current rate of slip

of any of the faults in that system, the activity or movement on those

faults in the past 17,000 years to five million years, or the capability

of the Hosgri Fault today.~5/

The Board concludes that the amount of slip that has occurred on the San

Gregorio or Hosgri Fault systems is on the order of ten to twenty kilometers

during the last sixteen million years.

1/ Tr. 6172-6196.
7/ Tr. 5166-5197.
Q3 Tr. 4981, 5046.
4/ Tr. 4978, 4980.

Tr. 6363, 6364.
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The available geologic information indicates that some strike-slip motion

has taken place on the Hosgri Fault. The current mode of movement is

predominantly strike slip. However, the available data support the

conclusion that no more than a few kilometers of strike-slip movement

has occurred since the Miocene (20 MYBP).— The available data includes

the fact that the Hosgri, San Simeon, and San Gregorio fault zones

are en-echelon or anastomosing series of faults, typical of fault systems

in the Coast Ranges, and not a continuous plate margin master break

like the San Andreas.—

A large earthquake similar to the 1927 event (the so-called Lompoc earth-

quake) should show a substantial area of vertical movement if the fault

generating the earthquake had a significant component of vertical movement.

Hence, the movement had to. be strike slip if the 1927 earthquake did occur

on the Hosgri Fault since no significant vertical movement has been found

on the Hosgri Fault. Moreover, an earthquake similar to the 1927 event

would not be expected to occur as an isolated event in the area which

otherwise shows little or no evidence of tectonic activity in the recent

qeoloqic past.—3/

We specifically find Dr. Graham's theory (which is supported only by

limited geological field work) that 5-15 million years before present the

San Gregorio, San Simeon, and the Hosgri Faults was a continuous feature or a

Stepp Testimony, at 21-23.
2/ Ibid., at 22.
3/ Stepp Testimony, at 29.
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key element of the plate boundary between the Pacific and t/orth American

plates along which right lateral strike-slip movement of approximately 115

kilometers occurred is not persuasive on the issue of the amount of

strike-slip movement on the Hosgri Fault.

Joint Intervenors presented as a rebuttal witness Dr. Clarence A. Hall,

Jr., whose theory as to the amount of strike-slip movement on the Hosgri

Fault was discussed by PGandE witnesses. — The Board considered Hall s1/ I

theory that there has been about 80 kilometers of strike-slip motion

along the Hosgri-San Simeon Fault system over approximately the past

nine-million years. This theory is based largely on what he considers

to be matching pairs of rocks found at San Simeon and at Point Sal—2/

and on dissimilarities in rocks on opposite sides of the Hosgri Fault

at those locations.—

Dr. Hall testified that the Hosgri and San Simeon Faults join at depth-.

He postulates a continuous fault beginning at the juncture of the San

Gregorio and San Andreas faults north of San Francisco continuing through

the San Simeon, down through the Hosgri fault, which extends on land to

the Lompoc-Solvang Fault to the Santa Ynez fault and finally to the San

Gabriel fault near San Bernandino,~ thence to an unknown termination.—6/

Dr. Hall located this landfall of the Hosgri Fault to be somewhere between

1/ Hall Testimony Tr. 9466-9696; Applicant's Testimony at 109.
2/ Tr. 9482.
3/ Tr. 9511 A.
4/ Tr. 9530.

Tr. 9538-9539, 9639-9641.
6/ Tr. 9669.
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Purisima Point and Point Arguel lo .on the basis of an abstract of the

Fugro Report.+ However, the ful.l Fugro Report clearly indicates that

the Hosgri most likely terminates at a point offshore of Pt. Purisima.~2/

Upper post-~isconsinan beds are. continuous south
of line 29, suggesting that the Hosgri Fault
terminates in this area or is too deep to be picked
up by the SOHIA system. Based on onshore geological
field data and both deep and shallow geophysical
data offshore, we conclude that the fault probably
terminates at about the latitude of Purisima Point
and that the regional stress is probably absorbed
by folds or smaller faults with western Transverse
Range orientations. The termination of the
Hosgri Fault in this manner is in accord with the
general mergi'ng of structural trends of the offsho~y
area with trends of the western Transverse Ranges.~

With respect to the amount of strike-slip movement on the Hosgri Fault,

Dr. Hall for the Intervenors contended that all significant strike-slip

movement on the Hosgri Fault occurred after the formation of the Santa

tiaria pull-apart basin.+ Dr. Hall testified that the relevance of his

pull-apart theory to his theory as to the amount of strike-slip movement

on the Hosgri was only historical in nature.+ Also, Dr. Hall testified

that he had no opinion as to the rate of movement on the Hosgri Fault

over the last 17,000 years and no opinion regardi ng the earthquake capability

of the Hosgri Fault. — In any event, the USGS has taken Hall's theory of

movement into account in recommending a maximum 7. 5 magnitude earthquake

on the Hosgri Fault and the Staff adopted the USGS's advice and required that

the plant be analyzed and designed to that level.

1/ PGand E Ex. 45; Tr. 9534.
7/ Tr. 9681-9686.
3/ Tr. 9683.
4/ Tr. 9619.

g5 Tr. 9693, 9694.
Q6 Tr. 9695, 9696.
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Dr. Hall's theory, therefore, would not, alter the USGS judgment,

as to the earthquake potential of the region affecting the site whether

or not his theory on the continuity of the Hosgri Fault on its southern

end and his theory that there has been 80 kilometers of strike-slip

motion along the Hosgri-San Simeon Fault system is later proved to

be correct.—1/

We find Dr. Hall's Theory that there has been 80 kilometers of movement

on the Hosgri fault, based on his "pull-apart basin" theory is not

physically and geologically probable. Dr. Hall testified that the pull-

apart basin in the general area of the curved breaks at the north end of

the Transverse Ranges was created nearly thirteen million years ago, and

that all the postulated movement on the Hosgri Fault occurred within the

last five million years. However, there simply is no way to accommodate

the 80 kilometers of movement on the Hosgri Fault . in the tectonic

framework of the region due to constraints at both the north and sound

ends. Thus, we find that Dr. Hall's theory is not supported. — In2/

addition, there exists today a pie-shaped piece of land between the

Lompoc-Solvang fault and the Hosgri fault (immediately above X'n
PGandE's Ex. 43) that, according to Dr. Hall- came from an area east of3/

Buellton, California during the past 5 million years. Such a movement

would require that land to have moved in geologic time across the Hosgri

Fault. This would be a "geologic and physical impossibility.—4/

1/ SER Supp. 4, Appendix C., pp. C-7, C-8; Tr. 9795. Earlier, Dr. Jahns
and Messrs. Hamilton and Willingham expressed essentially the same
opinion that even if the Hall theory turned out to be correct it
would not make any difference. Tr. 5388, 5389.

2/ Tr. 10,031-10,079; Stepp Testimony, at 21.
3/ Tr. 9668.
4/ Tr. 10,037, 10,038.
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Or. Steven A. Graham presented in rebuttal by Intervenors- took issue1/

with Applicant's evidence, i.e., Hamilton's correlations showing lack of

strike-slip movement on the San Gregorio 'Fault, and with Applicant's

criticism of Or. Graham's seven matching pairs of features.—2/

We affirm our finding set out previously in these findings that there are

constraints to a large amount of movement on the San Gregorio Fault.—3/

The seven pairs of features relied upon by Or. Graham to support his

theory of movement are not uniquely correlative. — Further evidence in

conflict with Ors. Graham's and Hall's theories was contained in the report

prepared by USGS geologist Victor tI. Seiders which was introduced as

Joint Intervenor's Ex. 110. — Although our finding is that the Hosgri

1/ Tr. 9722-9792.

2/ Tr. 9726-9750, 9751-9764.

3/ Tr. 9958-9988; PGandE Exs. 46-50.

4/ Tr. 9989-10,003, 10,020-10,030; PGandE Exs. 51-58.

5/ Tr. 9580.
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may have experienced strike-slip movement up to a few kilometers-1/

and at most 20 kilometers over the last 20 million years, Mr. Seiders

concludes that at most the evidence supports a maximum of about 35

kilometers of offset on the Hosgri Fault.—

With respect to Dr. Silver's argument that the Hosgri and San Gregorio

Faults are connected, in addition to extensive other evidence in

the record showing that the Hosgri and San Gregorio Faults are not

connected, — certain aeromagnetic studies of the area generally thought3/

to be the location of any possible connection between the two faults

showed that in fact the two faults are separated by an intact mass

of Franciscan bedrock that has several kilometers'idth.—

1/ Stepp Testimony, at 11.

2/'r. 10,005.

3/ Stepp Testimony, at ll, 17-20, 22.

4/ Tr. 10,017-10,020.
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After considering all of the evidence, the Board concludes that PGandE

has conducted an adequate investigation of the Hosgri Fault. — It has

provided a reasonable and conservative interpretation as to the length

of the Hosgri Fault zone, its relationship to other regional tectonic

structures, and the nature, amounts, and geologic history of displacements

on the fault. The Hosgri is a feature about 90 miles (145 kilometers)

in length ending in the north about thirty miles north of Estero Bay

near Pt. Piedras-Blancas, where it lies, en echelon or in an anastomosing

pattern but not connected with the San Simeon Fault. In the south,

it terminates southward of Point Sal near Purisima Point within a zone

of complex folding where it merges into the Transverse Ranges structures.

Me find that the Hosgri fault has experienced right lateral strike-slip

motion of at most, and this is a conservative estimate, 20 kilometers

over the last 20 million years. It has not experienced strike-slip

movement on the order of 80-115 kilometers.~ Feom this very conservative2l

perspective, we find that both the Staff and the Applicant conducted

thorough 'investigations of the seismic nature of the Hosgri Fault system.

1/ Tr. 9668.

2/ Tr. 10,037, 10,038.
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B. The Hos ri Fault Earth uake Potential

Contention (2)

A 7.5 magnitude earthquake is not an appropriate value for
the safe shutdown earthquake.

The significance of contention 2 is that the magnitude of the maximum

credible earthquake which might occur on the Hosgri Fault bears a

direct relationship to the vibratory ground motion one might expect at the

site. Extensive evidence was introduced during the course of the

hearing on this subject. However, through the submission of proposed findings,

all parties appear to be in agreement that the assignment of a 7.5 magnitude

is acceptably conservative for the safe shutdown earthquake. Hence,

there is no longer a need to consider the validity of contention 2.

However, a discussion of the evidence adduced at the hearing will help

to place the assignment of this magnitude in the proper perspective.

More specifically, the evidence demonstrated that the assignment

of 7.5M is a very conservative figure.

The figure of 7.5M was originally assigned as a potential magnitude

for the Hosgri by USGS consultants to the Staff. — Although the USGS

did not state specifically that a 7.5M earthquake was likely to occur

on the Hosgri in their report of April 1976, they set out reasons why

1 SER Supplement No. 4, Appencix C, May 1976.
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they believed such an .event could not be precluded. Those reasons were:

1. The Hosgri Fault zone is more than 90 miles long and may even

be tectonically coupled to the San Simeon fault as they are within 2.5

miles of each other and both form parts of the eastern boundary of the

Santa Maria basin.

2. Marked changes in thickness and signature of acoustical units

across the Hosgri Fault zone in several profiles indicates evidence of

lateral slip. This was noted in the Survey's review of January 28, 1975,

but such changes are even more abundant in the profiles of Amendment 31

to the FSAR. Right lateral movement is reported for the San Simeon Fault.

These data suggest that displacements on the Hosgri Fault are related to

the highly active San Andreas plate-boundary system.

3. The length of the Lompoc fault proposed by the Applicant as the

most likely location of the 1927 event appears imcompatible with the

magnitude of the 1927 earthquake.

4. The Hosgri fault is closer to the center of the estimates of

error of both Engdahl and Gawthrop than any other fault. It is therefore

a possible source of the 1927 earthquake.

5. guestionable evidence relating to vertical displacement on the

Hosgri Fault in the epicentral area of the 1927 earthquakes does not

eliminate it as a source. Surface rupture is generally discontinuous,
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and if lateral slip occurred, it probably would not be detected. Offset

of the base of post-Wisconsinan sediments and probable faulting of

them is evidence of post-Pleistocene movement.

At the hearing, Intervenors introduced testimony by Drs. Silver, Graham,

and Hall in an attempt to demonstrate that the Hosgri Fault was connected

to the San Simeon and San Gregorio faults. This testimony was heavily

contested by the Applicant, both through cross-examination and rebuttal

testimony. Although Drs Graham, Silver and Hall made very interesting

presentations, the Board was left with the impression that their theories

are very tenuous at best and do not hold up under cross-examination

and rebuttal attack. In the final analysis, however, the validity of those

theories has little consequence since the USGS conservative approach took

into consideration the fact that the Hosgri may be connected to the San

Simeon and San Gregorio fault system in arriving at their conclusion

that 7.5H should be used as the design basis earthquake. — Moreover,1/

the Intervenors at paragraph 42 of their proposed findings of fact and
I

conclusions of law suggest that 7.5 magnitude is the maximum credible

earthquake that can reasonably be expected to occur on the Hosgri Fault.—2/

Since the evidence on the length, nature and geologic history of the

Hosgri is only relevant to the assignment of magnitude and since all

1/ Supplement 4, pages C-ll through C-14.

2/ Para. 42, Joint Intervenors'roposed Findings of Fact and Conclusions
of Law.
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parties appear to be in agreement that 7.5M is appropriate and there

is no probative evidence of record to the contrary, the validity of

considering contention 2 disappears.

However, there are a number of factors which tend to show the conservatism

of 7.5M. Some of those factors are:

1. Slippage on the fault over the past 17,000 years tends to show

a low level of seismicity and that 6.5M is likely to represent the

1/
maximum earthquake that has occurred on the Hosgri.—

2. The amount of slippage required by a 7.5 earthquake is generally

inconsistent with the record of seafloor disturbances along the Hosgri.—2/

3. The slip rate of two centimeters per year is inconsistent with

requirements for greater slippage rates from 3.7 to 6.0 centimeters

per year slip along faults..where great earthquakes occur.—3/

4. There is some evidence contrary to the USGS assumption that

the 1927 earthquake of 7.3M could have occurred on the Hosgri. That

evidence tends to show that the 1927 earthquake

rather than the Hosgri fault. —
,

4/

Ql Tr. 5801
2/ Applicant's testimony 18-20; Tr. 5520, 5521,

5560.
3/ Applicant's testimony 20-22; Tr. 5756, 5769,
4/ Applicant's testimony 22-25; Tr. 5319, 5483,

also the Fugro Report prepared for the USGS;

occurred on the Lompoc

5533-5546, 5548, 5549,

5770.
5484, 5635-5645; See
PGandE Exh. 45.
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5. There were also opinions by expert Staff witnesses, Stepp-

and Hofmann, — that a 6.5M earthquake or less might be reasonably2/

expected on the Hosgri. Intervenor witness and ACRS consultant Or.

Trifunac also agreed that 6.5M was a more reasonable assessment.—

Indeed, USGS witnesses Devine and McKeown who arrived at the 7.5M

figure in the USGS report conceded that it was a conservative figure,—

arrived at principally on the basis that the 1927 event could have occurred,

on the Hosgri Fault, not that the 1927 event was actually located on the

'osgriFault.

In light of all the evidence, the Board finds that 7.5M is a very

conservative figure for assignment of a design basis earthquake. We

also find that the Staff imposed requirement that a 7.5 magnitude

earthquake be used by the Applicant in its seismic analysis was

reasonable and meets regulatory requirements. The Staff's review of

the DCNGS seismic design based on the assumption of a 7.5 magnitude

earthquake on the Hosgri was thorough. Accordingly, we conclude

that the facility, as analyzed, redesigned, and backfitted, based on

the additional requirements imposed by the assumption of a 7.5 magnitude

earthquake, meets the requirements of 10 CFR Part 100, Appendix A. We

expressly find, therefore, that operation of the facility in the prooosed

manner will not be inimical to the public health and safety with resoect

to earthquakes.

1/ Stepp Testimony at 31.
2/ Hofmann Testimony (Testimony of Renner B. Hoffman on Contention 3following Tr. 8522) at 5-7.

~ j

3/ Tr. 8971.
4/ Tr. 8349.
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C. Peak Instrumental and Effective Acceleration

Contention (3)

A 0.75g acceleration assigned to the safe shutdown
earthquake is not an appropriate value for the maximum
vibratory acceleration that could occur at the site.

The central controversy here is whether the proper acceleration value

for anchoring (or scaling) response spectra should be 0.75g or 1.15'.

The 0.75g value was used by the Staff as a conservative, value for scaling the

response spectra which described the Hosgri ground motion for seismic

design at the site. Intervenor's chief witness and ACRS consultant Or.

Luco took the position that the spectra should be anchored at 1.15g

which corresponds to the highest peak acceleration for magnitude 7.5 as

described in Table 2 of the Geological Survey Circular 672 "Ground

Motion Yalues for Use in the Seismic Design of the Transalaska Pipeline

System . — We believe that the Staff was correct in using the '0.75qii 1/

value.

Intervenors other wstness on this contention was Dr. James N. Brune.
According to Dr. Brune because the data base is so small, uncertainties
exist, and accelerations and velocities could be a factor of two
greater than those postulated in USGS Circular 672 (Tr. 7963)
these greater accelerations could also arise from such phenomena as
focusing (directly) (Tr. 7936, 7937) or high stress drops. (J. I. Ex.

66, pp. 3-2, 3-3; Tr. 7938, 7939) "Focusing" is not a new phenomenon.
(Tr. 7953, 7956, 7957) Dr. Brune cautioned that these higher numbers
are based on extrapolation of very limited data and thus of low
confidence. (J. I. Ex. 66, pp. 3-9) He presented specific arquments

"

which might be cited against the possibility of these higher numbers.
(J. I. Ex. 66, pp. 3-16 - 3-18) He concluded that because of the limited
data base the higher values were at least theoretically possible. (Tr.
8056-8058) Dr. Brune, however, could not assign a level of probability
to his higher values, (Tr. 8143) except to describe them as being "low"
for any given earthquake. (Tr. 8144) No such higher values thought
theoretically possible by Or. Brune had ever been recorded, and

only two values over 1.15g had ever been recorded. One was from the

,continued on next Page)
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In analyzing a plant structure an assumed time history of the ground

motion at the base of the structure was utilized as the input motion

to the structure. This time history contains various acceleration

pulses at various frequencies.

The acceptability or severity of an assumed time history of ground

motion is judged by calculating the responses that it would induce in

oscillators of various natural frequencies with various levels of damping.

The results are displayed in the form of response spectra (in this

instance a ground response spectra) which graphically. depict the calculated

responses of the oscillators. The ground response spectra for the

assumed ground motions are then compared with the ground response

spectra that are imposed as a regulatory requirement (for example a

0.75g Newmark spectrum) to'determine whether or not the assumed qround

motions are adequately severe.

1/ Continued from page 37

Russian Gazli earthquake, for which a vertical acceleration of 1.3g
was recorded (Applicant's testimony at 3-4) and one from the Pacoima Dam

record (1.2g) (Tr. 5846, 7977) . In each case there was more than one

possible explanation for the point raised in Dr. Brune's testimony.
(Tr. 8059-8080). It turns out that the Pacoima Dam record has a

response spectrum that approximates the 0.75g Staff spectrum and

this comparison is one of the primary justifications for the
Staff's value of 0.75g. Considering all of the evidence, the Board
is of the opinion that the speculated higher values postulated by
Dr. Brune are not of design or analytical significance for the Diablo
Canyon Plant.
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As frequency increases to the neighborhood of 20 hertz and above, the

ground response spectra under discussion here asymptotically approach,

from above, a constant acceleration level which is called the anchor

point or high frequency asymptote. When approving a ground response

spectrum for regulatory purposes, the Staff employs a given shape for

the spectrum and specifies the anchor point.

The question then, in this contention, is whether or not the anchor point

of 0.75g specified by the Staff for the ground response spectra is adequate

= to represent the safe shutdown earthquake.

Dr. Luco took the position that if one uses a 7.5M as a design basis

earthquake that one must also use 1.15g as an anchor point because that

is the highest peak corresponding to a 7.5M earthquake as it appears

in Table 2 of Circular 672. Dr. Luco apparently based his opinion on

his belief that the 1.15g value is the only acceptable value for a 7.5M

earthquake. Cons'iderable evidence tends to refute this position

Circular 672 is, by reference, an integral part of the USGS recommendation

to the Staff.

Table 2 of Circular 672 also lists the second, fifth and tenth peak

acceleration values as well as other paramters for a magnitude 7.5

earthquake. gualifying language appearing at pages 2 and 3 of Circular

672 describes how the information in Table 2 is to be used and that

description is consistent with the Staff approach in arriving at 0.759

value. Specifically that part of Circular 672 reads as follows:
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There are two common approaches to seismic design
of a structure: One utilizes a complete time history
of ground motion to evaluate dynamic behavior. The
other, adopted for the design of the pipeline system
(Alyeska Pipeline Service Co., 1971) is a quasi-static
method in which seismically induced stresses are
determined from structural response spectra for
specified level of ground motion.

Structural response spectra for the pipeline
system are calculated in a three-step process.
First, ground-motion values appropriate to
design earthquakes are specified. Then, design
values of motion are derived by modifying the
ground-motion values to implicitly allow for
nonlinear, energy-absorbing mechanisms in the
vibratory response of the structure, a step re-
quired by the assumption of purely elastic re-
sponse, although the actual response is usually
inelastic and nonlinear for large ground motions.
Finally, smoothed tripartite logarithmic
response spectra are constructed from the
design seismic motions by the general procedure
of Newmark and Hall (1969), outlined in
Appendix B.

The initial step'n the design process discussed
herein characterizes ground motion appropriate
to the design earthquakes. 'This step is based
solely on seismological data and principles and
does not incorporate factors dependent on soil-
structure interactions, deformational processes
within structures, or the importance of the
structures to be designed. It involves scientific
data and interpretation, whereas the subsequent
steps involve engineering, economic and social
judgments relating to the nature and value of
the structures.

The choice of parameters with which to specify
ground motion was guided by the design approach
adopted for the pipeline project. A useful set
for the derivation of tripartite structural
response spectra includes acceleration, velocity,
displacement, and duration of shaking.
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In addition, the USGS report of April 1976 specifically states with

regard to the values in Circular 672:

."7. Me repeat our opinion that, for sites within 10 kq of the
surface expression of a fault, the description of maximum earth-
quake ground motion by means of a single acceleration value may
not be an appropriate representation.

Consequently, we feel that an appropriate earthquake for this
site should be described in terms of near-fault horizontal ground
motion. A technique for such a description is presented in the
Geological Survey Circular 672 entitled 'Ground Hotiqn Values for
Use in the Seismic Design of the Trans-Alaska Pipeline

System'Ref.

4). It is our intention that the ground motion values are
exemplified by Table 2 'Hear-fault horizontal ground motion'f
Ref. (4) 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 Diablo Canyon site
subject to the conditions placed on these values in Ref. 4. The
earthquake so described should be used in the derivation of an
effective engineering acceleration for input into the process
leading to the seismic design analysis."

From a standpoint of experience it is also important to point out that

Dr. Newmark who arrived at the 0.75g value in this case was primarily

responsible for the design approach in the Trans-Alaska case. — There1/

with the knowledge and approval of USGS, Dr. Hewmark did not utilize
the highest peak acceleration values listed in Table 2 to anchor response

spectra to the specific g values assigned in Table 2.V Rather, he

relied upon the same type of data and interpretation of data as he

relied upon in making his analysis in the Diablo case. Dr. Hewmark also

testified that it was not the intention of USGS in drafting Table 2 to

1/ Tr. 9273
2/ Tr. 9275-76.
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impose absolute specific design requirements upon design engineers.—

He speaks with some authority in this regard since he is Chairman of

the Advisory Committee to the USGS.~ FinaIly, witness Devine of USGS
2l

testified that the Staff approach in arriving at the 0.75g value

was not inconsistent with Circular 672.—

It is also of some consequence that Dr. Newmark's analysis of the

Diablo Canyon Nuclear Plants response spectra uses the Pacoima Dam

record which registered a 1.15g acceleration. — Using the response

spectrum from that record as a guide, the 0.75g response spectra for
Diablo Canyon appear adequate.—

1/ Tr. 8676-85, 8687-88, 9288-89.

2/ Tr. 8687.

3/ Tr. 8328-8333, 8342-43; 8684-85.

Q4 Newmark Testimony, Reference B, p. 1, Tr. 9286.

5/ Ibid., p. 17; Tr. 9304-05, 9308.
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Aside from the views expressed under the central argument of whether

the proper acceleration value for anchoring response spectra should

be 0.75g or 1.15g the Board is convinced by other evidence that the

use of 0.75g is a conservative value for ground motion at the Oiablo

site.

Or. N. M. Newmark, a structural engineer, is one of the world's leading

authorities in seismic design. — His vast experience in the design of

structures to withstand earthquakes eminently qualifies him to judge

what ground motion the OCNGS would "see" from a conservatively postulated

near field earthquake of 7.5 magnitude occurring on the Hosgri Fault.—2/

Both Staff witnesses in seismology, Stepp and Hofmann, as well as the

Applicant's witnesses testified that 0.75g was a conservative value.

Intervenors'itness Trifunac testified that 0.75g was reasonable.

That the ground motion proposed by Or. Newmark is adequately

Newmark Professional gualifications following Tr. 8552, Tr. 8549.

Stepp Testimony, at 32-33. The rational and supporting data forQ2

Or. Newmark's recommendation of 0.75g for anchoring the acceleration
response spectra are contained in Or. Newmark's report, which is
Appendix C to SER Supplement No. 5; see Stepp Testimony, at 33;
Testimony of Nathan M. Newmark following Tr. 8552.
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conservative is based on a number of other considerations as well. Peak

ground acceleration near earthquake sources appears to be only weakly

dependent on magnitude for earthquakes larger than magnitude 4-1/2 and

may be more directly a function of stress conditions at the source.

Available observations support a value of several tens of bars for the

average stress drop earthquakes on strike slip faults of the San Andreas

fault system. Ground motions recorded at Pacoima Dam from the San Fernando

earthquake of 1971 were significantly amplified by topographic effects.

Observed damage to structures near earthquake sources generally is not

commensurate with large accelerations. Large peak accelerations, if
present near the 1906 San Francisco earthquake source, were not effective

in causing damage to many structures. Empirical relationships among peak

acceleration. distance from source and source magnitude suffer from lack

of observational data control at distances closer than about 20 kilometers

to the source and for magnitudes larger than 6.5. Some investigators

have extrapolated limited existing near source data to higher magnitudes.

Others have developed attenuation relationships from distant data which

have been extrapolated to distances near the source by incorporating

consideration of the finite source dimension. There is uncertainty in

these points. Taken together, however, these relationships support 0.75g

as a conservative value for acceleration at the DCNGS for a magnitude

7.5 earthquake on the Hosgri Fault.—1/

Accordingly, the Board concludes that the 0.75g acceleration assigned

to the safe shutdown earthquake is a conservative value for the maximum

vibratory acceleration that could occur at the DGNGS site.

Stepp Testimony, at 33-35.1/
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D. 0 eratin Basis Earth uake

Contention (4)

The maximum vibratory acceleration of .29 for the
operating basis earthquake is not one-half of maximum
vibratory acceleration of the safe shutdown earthquake

Based upon the testimony of Applicant and Staff, and uncontroverted by

any evidence of Intervenor, the use of .2g for the operating basis earth-

quake is appropriate.

Although Appendix A to 10 CFR 100 provides that the operating basis

earthquake (OBE) shall be at least one-half the safe shutdown earthquake

(SSE) (Appendix A, Section V(a)(2)), Section III, "Definitions," pro-

vides that the OBE is that earthquake "... which... could reasonably'e

expected to affect the plant site during the operating life of the plant..."

and Section II, "Scope," permits departures from the criteria specified

in Appendix A with proper justification. The original double design

earthquake, now referred to as the SSE, approved by the AEC during the

construction permit hearings was 0.4g. Accordingly, the design earth-

quake, now known as the OBE, was 0.2g. The NRC has accepted an OBE for

other plants less than one-half the SSE- on the basis of a probabilistic1/

analysis estimating the exceedance probability and return period for such

an earthquake. The principle, as established'by the NRC Staff, is
2/

that an OBE is one which would reasonably be expected to affect the plant

1/ Tr. 7843-7845.

Q2 Hoch Testimony following Tr. 6879:at 9-12'.
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site during the operating life of the p7ant. The Staff has stated that

it considers that an earthquake that exhibits an exceedance probability

of no more than 30$ and a return period of approximately 110 years could

reasonably be expected to affect a plant site and produces a conserva-

tive acceleration level for the OBE. PGandE conducted its own analyses,

taking into account the various factors specified in Appendix A to

10 CFR 100, which produced a range of exceedance probabilities and aver-

age return periods. For a peak instrumental acceleration at the site of

0.20g, the lowest average return period computed by any of the methods

used in the analysis is 275 years, and the corresponding exceedance

probability for a 40-year plant lifetime is approximately 14.5'A. Since

the return period is more than twice the 110 year period specified by the

Staff and the exceedance probability is less than one-half that specified

by the Staff, OBE of 0.2g 'is acceptable and it has, in fact, been accepted

by the Staff&

The NRC project manager for the Oiablo Canyon Plant, affirmed that the

proposed OBE conforms to the requirements of Appendix A to 10 CFR 100.—2/

Staff witness Dr. Newmark stated that in his opinion, and that of many

engineers, the proper value for an OBE is from one-fourth to one-third of

jl' Testimony following Tr. 6879 at 9-12; SER Supp. 7 pp. 2-4, 2-5;
Tr. 6909, 6910.

g2 Tr. 8423-8426, 8471, 8472.
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the SSE.+ Moreover, in testing plant electrical equipment for the

Hosgri event, an OBE equal to or greater than 50K of the SSE was used.—2/

It should also be noted that the safety of plant systems and components

is measured against codes which exceed the lower OBE value. Hence, the

safety of the plant is not controlled by the OBE, but by the various codes.—3/

Testimony on the OBE was offered on behalf of Joint Intervenors by

Richard B. Hubbard.~ After extensive examination on voir dire the4/

bulk of his testimony was stricken as beinq beyond the technical exper-

tise of the wi tness. — No evidence was presented demonstrating that5/

the use of 0.2g for the OBE would- result in any undue risk to the public

health and safety. In fact, the Board concludes that setting the OBE

at 0.2g, rather than a higher level will require PGandE to shut the

plant down for inspection at a lower acceleration than otherwise, thereby

adding a further safety feature.

Accordingly, the Board finds that use of an operating basis earthquake

of 0.2g is reasonable for the Diablo Canyon facility.

1/ Newmark Testimony at 6.

2/ Tr. 7845, 7846

3/ Tr. 8707-8709.

4/ J.I. Ex. 65.

5/ Tr. 7708-7800, 7832-7838, 7861-7869.
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E. Res onse S ectra and Seismic Oesi n

Contention (5)

The Applicant has failed to demonstrate, through the
use of either appropriate dynamic analysis or quali-
fication tests (or equivalent static load method
where appropriate), that Category I structures,
systems, and components will perform as required
during the seismic load of the safe shutdown earth-
quake, including aftershocks and applicable con-
current functional and accident-induced loads, and
that Category I structures, systems and components
will be adequate to assure:

(A) The integrity of the reactor coolant pressure
boundary;

(B) the capability to shut down the reactor and
maintain it in a safe condition; or .

(C) the capability to prevent or mitigate the con-
sequences of accidents which could result in
excessive offsite exposure.

Contention (6)

The Applicant„has failed to demonstrate, through
the use of either appropriate dynamic analyses or
qualification tests (or equivalent static load
methods where appropriate), that 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 will 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.

Contention (7)

The Applicant has failed to demonstrate adequately
that necessary safety functions are maintained during
the safe shutdown earthquake where, in safety-related
structures, systems and components, the design for
strain limits is in excess of the yield strain.

Using .75g acceleration as the value against which to design for the

safe shutdown earthquake (SSE), the Applicant and Staff showed that
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adequate testing and analysis has been performed to demonstrate that

Category I structures, systems and components would perform as required

during the seismic load of the SSE and will remain functional and

within the applicable stress and deformation limits.—1/

Given an acceleration of .75g, response spectra can be developed for

analysis of the structures, components and equipment. PGandE through

Dr. Blume, and the Staff, through Dr. Newmark, devised such spectra.

The use and understanding of the term response spectrum (plural

"spectra") was given by Dr. Blume in his testimony as follows.—2/

The response spectrum is an extremely important concept in the analysis,

and design of nuclear power plants for earthquake motion. If a complete

time history of motion is used as the disturbance input, it is possible

to calculate the maximum response of a simple one-degree-of-freedom

elastic, damped oscillator when subjected to the entire time history

of motion. Such a simple oscillator might be represented by a single

rigid mass on a vertical stick having stiffness but no weight, or a

"lollipop" shape. The results of such a calculation would produce only
\

one point for a response spectrum curve and that point would be for

the natural period of vibration of this particular oscillator with its

particular damping ratio. If a whole series of oscillators of the

- 1/ Knight Testimony at 10-54. Testing and analysis is discussed in
excrutiating detail and was not challenged by Intervenor.

2/ Blume Testimony at 5-8.
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same damping are subjected one at a time to the same ground motion

record, and if each'scillatory has a different natural period, there

would be a whole series of points for a plot of maximum acceleration

versus period. Connecting these points would provide a "response

spectrum" for the particular ground motion record and for the particular

damping of the oscillator. If the same procedure were repeated using

oscillators with other damping values, a whole family of spectral curves

would be obtained for the particular strong motion record. Of course

these extensive calculations are done in computers.

Most acceleration response spectra made from an earthquake record are

rather ragged with many peaks and valleys. It is customary to obtain

smooth curves for use in analysis and design in order to avoid the

problems associated with these peaks and valleys and to avoid sensitivity

in response caused by minor variations in natural period. There are

various ways this "smoothing" can be done. One simple way is to draw the

smooth curve through the jagged one either by averaging the peaks and

valleys or, as is more often done, to almost envelope the peaks. A

better way is to not rely upon one ground motion time history but to use

several appropriate records representing as near as possible the condi-

tions under consideration. This results in a whole series of response

spectra for each damping value which series can then be treated statis-

tically by various methods to obtain an average curve for all the records

used as well as other curves representing any statistical deviation from
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the average that may be desired. This procedure has the advantage of not

only providing a broader base of information but of providing proba-

bilistic distributions at any period value or statistical confidence

level of interest.

Response spectra can also be constructed artificially, or they can be

obtained from standards like NRC Regulatory Guide 1.60, or from ratios of

spectral values to either ground acceleration, velocity or displacement,

depending upon the period or frequency under con'sideration. It so hap-

pens that effective acceleration used to construct spectral curves is the

same as spectral response at any damping value at zero period or infinite

frequency. Effective acceleration is therefore sometimes referred to as

zero period acceleration or anchor point acceleration.

It is often convenient in analysis to use a time history instead of a

response spectrum. However, as discussed previously, time histories

produce spectra with peaks and valleys. To overcome this problem a time

history is'selected to best represent the conditions of the problem and

it is then artifically altered, usually with additions of pulses of

proper sizes and at strategic locations in the time domain to cause

the spectrum made from the modified time history to closely match the
'A

prescribed spectral diagram. This work has to be carefully done and,

of course', with computer aid.
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Dr. Blume reviewed how he developed his basic response spectra, based

upon the 0.75g anchor value and using the damping values

conforming to NRC Regulatory Guide 1.61.— . Development of response

spectra was also undertaken independently by Dr. Newmark, — and both

spectra were used in the analysis with the more conservative in any

particular instance governing. Thus, two complete analyses had to be

made. — Dr. Blume compared the two peak ground acceleration values

(his and Dr. Newmark's) showing that they were consistent.—

In addition to being critical of anchoring the initial response spectrum

to .75g, Drs. Luco and Trifunac were critical of further reducing, in

some instances, response spectra due to factors such as tau and 7X rather

than 5X damping. — However, no testimony critical of the procedures of

developing the basic response spectrum by either Drs. Blume or Newmark

was given. As respects tau and damping, there was a qreat deal of

testimony.

"Tau" was defined as a simplification of a very complex wave motion-

structure action problem. The tau effect is ascribed to the fact that

all points on the foundation of a building do not respond in phase. As

a result, the motion of the foundation is reduced which, in turn, leads

1/ Blume Testimony at 39-47.
2/ Newmark Testimony, Reference "A" at 2.
3/ Blume Testimony at 38-41.
4/ Blume Testimony at 42-43.
5/ Tr. 8895, 8972, 9823-926, 8971-972.
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to a reduction in the motion of the building.— It can be looked upon

as an "engineering equivalent" such as is traditionally used for various

loadings and conditions as, for example, wind forces, rail and truck loadings

on bridges, live loads on building floors, current forces on wharves and

docks, etc. There is ample evidence of the excellent performance of

large building foundations in earthquakes. Tau is a manif0station of

this. The larger the foundation and the shorter the traveling wave

length, the more effective is the so-called tau reduction. The values of

tau determined by Dr. Hewmark and Dr. Blume varied slightly due to dif-

ferent approaches as did the zero-period accelerations associated with

the tau-factor for each structure. However, whichever was more conserva-
;.2/

tive controlled for the analysis.—

"Damping" is related to the energy change during vibration and it varies

for different materials an'd structures. Energy is never lost but it
changes form. The kinetic energy of motion of a vibrating body or system

is reduced by energy converted to heat through friction and the internal

stressing of materials, and by other means. The rate or degree of this

loss is called damping. If there were no damping at all, an oscillating

system would never stop. In earthquake analysis viscous damping is

generally assumed, and it is given as a ratio to or percentage of crit-

ical damping which is that damping value which would prevent oscillation

at all. — Damping values were reconsidered by the NRC in the period

between the original design of Diablo Canyon and the discovery of the

Hosgri. While 5% damping was actually used in the original design of

1/ Tr. 9333.
g2 Blume Testimony at 42-43.
Q3 Blume Testimony, 3-4. See also Newmark rebuttal at Tr. 9298-9300.
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structures, Regulatory Guide 1.61 permitted the use of 7X at the time of

the Hosgri analysis, and that figure was used.—

Dr. Luco alleged that Applicant's soil structure interaction analysis-

showed that there was no tau effect at Diablo.— Applicant stated that3/

its study showed nothing about tau at all as it was not designed to

show tau effects (or the lack thereof). — While various experts'ethods

of applying tau may be different,— tau effects result primarily from5/

the fact that the wave motions are not all perfectly vertical as they

approach a foundation slab and they are also due to nonhomogeneity of

the soil or rock formations on which the foundation is constructed.—6/

In rebuttal to Dr. Luco, Dr. Seed showed how the tau effect for Diablo

can be derived by waves arriving at less than perfectly vertical- and by

nonhomogeneity of the rock structure upon which the foundation rests.—

Dr. Newmark's rebuttal also pointed out the deficiency in Dr. Luco's

analysis on tau effect stating that Dr. Luco improperly assumed coherence

of high frequency motions that affect the reactor.—

In conclusion, Dr. Seed testified .that the tau reduction used by Drs.-

Blume and Newmark was both justified and scientifically defensible.—10/

1/ Blume Testimony 14-15.
2/ J.I. Exh. 58.
3/ Tr. 8923-926.
4/ Tr. 10,151.
5/ Tr. 6807.
6/ Tr, 10,151.
7/ PGandE Exhibit 64, Tr. 10,152-160.
8/ PGandE's Exhibit 65, Tr. 10,162-10, 166,
9/ Tr. 9278.

10/ Tr. 10,167.
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Dr. Newmark testified that the variation in acceleration over an area

is the tau effect. It has to do with the ground which is ihomogenous

and scattering takes place. There would be differences in phasing,

resulting in differential values over the area, no matter whether the

wave approaches from the bottom, from the side, from the middle or

other direction. The tau effect is only a way of trying to account

for this in some systematic and reasonable fashion%

The Hoard finds that the reductions for tau fot various response spectra

from the .75g zero period of the basic response spectrum are justifiable

and adequately conservative.

Dr. Blume discussed the damping values prescribed, in NRC Regulatory

Guide 1.61 (7X for structures) and the additional data developed because

these values had been questioned. Two facts were particularly important:

elements with friction between parts, such as bolted steel joints or

concrete with minor cracks, have considerably greater damping at a given

strain level than where such friction is not possible, as for example in

welded joints or in uncracked concrete; damping increases with strain or

deformation. Another consideration is that a structure not only receives

.energy from the moving ground but returns some of it to the ground,

which is often termed radiation damping. No credit for this type of

damping was taken for the Diablo units. Another point is that it is not

necessary to develop high strain levels throughout an entire structure

to develop high damping levels; local high strain levels can be quite

ewmar Testimony, Reference 8 at 11-12 and Figures 1-2.
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effective in absorbing the kinetic energy of motion, as shown by test

results presented by Or. Blume. Based upon all of this, Dr. Blume con-

eluded that 7~ of critical damping was conservative for the Diablo Canyon

structures subjected to the hypothetical Hosgri earthquake, and that the

value could be as high as 8% to 105 for the postulated Hosgri event.—1/

Finally, Dr. Blume stated that the response spectra and damping values

were applied to each structure as appropriate to obtain the moments,

shears, axial forces and stresses at various points in the structures.

This was done by others and the results were provided in terms of the

stresses obtained as compared to the stresses allowable under NRC

regulations. In a 'small number of cases "over-stresses" were found
n

and physical alterations are being made to the structures involved so

as to met all the criteria. In addition "floor response spectra"

were developed to represent the amplified motion at upper levels where

piping or equipment is attached or anchored.—

Or. Newmark testified that the design criteria for the Diablo Canyon

Reactor, based on the original concept for design and the retrofit .

proposed, when reviewed in the way that it was reviewed, and looked

at by a number of people on the staff and in various consulting firms

employed to make the review, results in a design which is more ade-

quate than that of most of the other reactors that have not undergone

1/ Blume Testimony at 47-49.

g2 Blume Testimony at 49-50.
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this intensive audit. He testified that major conservative assumptions

were made and that the state-of-the-art of nuclear reactor design as

reflected in current practices gives an adequately conservative design.—1/

Dr. Newmark rebutted Drs. Luco and Trifunac, stating that what the

knowledgeable design engineer seeks in designing structures for dynamic

loads is adequate strength combined with ductility and energy absorbing

capacity rather than excessive strength and its concomitant brittleness.

Dr. Newmark took into. account all of the written and orally expressed

opinions of Drs. Luco and Trifunac and did not have any reservations

about the adequacy of the seismic design for the Diablo Canyon nuclear

power plant.+ Dr. Newmark would have no hesitancy today in recommending

. that the Diablo Canyon Plant be built at the site where it is located.—3/

Finally, Dr. Trifunac, called by Intervenors, testified that the structures

within th'e complex of the plant (Diablo Canyon) are reasonably designed

to withstand a reasonable earthquake on the Hosgri fault, 'reasonable

earthquake being a spectrum of possible events which are physically

capable of happening there%

1/
g2

3/
J4

Newmark Testimony, Reference B, p. 17.

Tr. 9304-05.

Tr. 9308.

Tr. 9198-199.
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The Board concludes that the response spectra used for the Hosgri

seismic evaluation were appropriate and conservative. The use of these

spectra in the reevaluation of the plant for the postulated Hosgri

event reasonably assures the preservation of the health a4 safety of
I

the. pub 1 ic.

The seismic input, once defined, is used in a mathematical process to

determine how the structure would vibrate in response to the seismic

shaking. In order to perform this operation, the structures are charac-

terized in a mathematical model by means of the mass of the major parts

(floors, walls, domes, etc.) and the stiffness of the connections between

these parts. The stiffness is usually characterized as a spring, and

we therefore commonly speak of a spring-mass model.—1/

Through the use of proven and common principles of applied mechanics and

mathematics, the response of each of the major portions of the structure,

as well as the response of. the structure at the mounting location of

safety-related systems and components, can be defined for design purposes.—2/

Throughout this process, the characterization of very complex structures

by fundamental characteristics, such as mass and stiffness, requires

idealization of the various structural parts. Because of this, a principal

part of the engineering practices involved is the use of techniques which

1/ Knight Testimony at 2.
2/ Ibid.
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yield a conservative estimation of the various physical quantities being

represented. In the analytical process these physical quantities interact

in complex ways. In order to achieve over811 conservatism, it is standard

engineering practice to establish a conservative quantity at each stage in

the analytical process. The results obtained are therefore recognized as

very conservative, but prudent,.until such time as a more comPete under-

standing of the interaction between the various quantities is obtained.—

The design of the various structural parts is then based upon the results

of the design analyses. There is a common misconception that the design

of the structural elements is such that the capacity of those elements

just meets the requirements called for by the analyses. In fact, much of

the structural design is controlled by the size of standard structural

members such as reinforcing rods and beams, and construction requirements

such as access to make large concrete pours. In addition, engineering

codes specify "code minimum strength" for materials. Ttese code minimum

strengths are in turn specified by the applicant when the materials are

ordered; any material found to be under that strength i rejected. The

result is that the material supplier, in order to assure that he stands no

risk of having costly material returned, provides material of considerably

higher strength. These higher strengths are born out ly the mill test

reports for steel and concrete cylinder tests. There is rormally no

motivation to go back and assess the true strength of various structures,

systems and components, because of the costs of reanalysis and time lost
g2

swamps any reduction in size or equipment capabilities that may be gained.

Ql Knight Testimony at 3.
J2 Ibid. ' *
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In the design of structures and equipment, it is convenient in typical

engineering analyses to assure that all elements of the structure or

equipment remain elastic or nearly so, i.e., stresses below the yield

point of the material so that any permanent deformation is very smally

One of the principal reasons for this is that the maintenance of elasticity

negates the need for complex interaction analyses to determine margin to

failure. From the standPoint of function, major structures and components

in nuclear plants, as well as in other commercial applications, can tolerate

much ine]astic deformation and typically loss of numerous structural

members. This deformation and loss of structural members can be sustained

because of redundancy, i.e., more than one path .available to carry loads

and load sharing or redistribution, i.e , the load formally carried by a

failed member is redistributed to other members.—1/

The end result of the conservatisms employed in the analyses followed by

the conservatisms resulting from standard design practices is a structure

with a seismic capability well in excess of the established design goal.

This is the .reason that the record is replete with cases where well-

engineered structures, even those for which no specific seismic design

standard was invoked, have withstood major earthquakes while remaining

fully functional. 2/

1/ Knight Testimony at 4.

2/ Ibid.
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The testimony above spoke of the numerous conservatisms accruing as a

result of the use of standard structures, shapes, sizes ard materials. A

very analogous phenomena occurs in the testing of the equipment and compo-

nents.. In order to assure fully representative testing with respect to

both direction and characterization of vibratory input, a gven piece of

equipment is subjected to a large numer of individual tats, any one of

which often equals or exceeds the most likely vibration to be seen by the

equipment in any actual earthquake. The number of tests typically range

from 10 to 50 before a program for an individual piece of equipment is

completed. In this way the question of aftershock or marginal performance

of prototype equipment that may not be fully characteristic of installed

equipment is adequately addressed. Clearly, the history of vibratory

loading established during the test program exceeds even the most pessi-

mistic view of possible effects of aftershock loading. Any concern that

some fatal flaw that may hinge on a subtlety in fabrication or installation

may not be discerned by a single shaking has to be put aside. In addition

to the number of tests employed, the magnitude of teCs, once again, due

to the practicalities of designing tests equipment to meet myriad test

requirements, always exceeds that required (already conservatively defined

by virtue of the structural analyses).—1/

1/ Knight Testimony at 5.
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The Hosgri seismic evaluation considered and has established the caoa-

bility of all Diablo Canyon structures, systems, and components

designated as Design Class I, which corresponds directly to "Category I"

as originally used in Safety Guide 29. Safety Guide 29 was subsequently

reissued as Regulatory Guide 1.29, which, in turn, was subsequently

revised twice. The Diablo Canyon classification system also meets the

intent of the latest revision of this regulatory guide. In some instances,

since Diablo Canyon structures, systems, and components were assigned

seismic design classification prior to the issuance of definitive

guidance by the Regulatory Staff, some systems and components were

classified as Design Class I which would not be required to be designated

Category I by current regulatory practice. Certain structures, such

as the turbine building, which were not designated as Design Class I

but whose failure could affect the functioning of Design Class I

structures, systems, and components have been treated as Design Class I

for the purposes of the Hosgri seismic evaluation. Set forth in greater

detail in witness Hoch's testimony are the structures, systems,

and components considered in the Hosgri seismic evaluation, the

criteria and methodology employed, the tests and analyses made,
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I

the tests and analyses made, and the manner in which concurrent func-

tional operational and accident-induced loads were taken into account.—1/

Concerning Contention 7, for Diablo Canyon structures the acceptance

criteria employed in the Hosgri seismic evaluation allowed stresses'r

strains beyond yield only in very limited situations and under conditions

where such yielding could not affect the performance of necessary safety

functions. Only in a very few locations in Diablo Canyon structures did

the results of the Hosgri seismic evaluation indicate stresses beyond

the yield point of the material. These included the curtain wall of

the intake structure, localized end bents of the turbine building if a

crane is parked at either end of the building, and certain piers beneath

the main turbine generators. .The associated deformations were evaluated

to assure that all necessary safety functions are maintained.—

For those components qualified by test for the postulated Hosgri event,

functionality. was demonstrated during the test as well as after the test

if such functionality was required in order for the component to perform

its intended safety function. For equipment qualified by analysis which

must move, open or close, pump fluids, or otherwise perform an active

safety function when subject to seismic loadings, special cri,teria were

developed and applied to assure that deformations as a result of 'seismic

Hoc Testimony at 15-21.

2/ Hoch Testimony at 21, 22; Tr. 6917.
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loadings would not prevent performance of the active safety function.+

For certain Diablo Canyon components, such as'piping systems, the

acceptance criteria for stresses employed in the Hosgri evaluation were .

in accordance with accepted industry codes and standards. For loading

combinations associated with a Safe Shutdown Earthquake, these acceptance

criteria do, indeed, allow calculated stresses (or strains) beyond the

yield point of the material. These codes and standards, and the stresses

allowed, are drawn from extensive experience with the piping systems

and materials involved and are specifically formulated to assure that when

stresses calculated by code approved methods are at or below allowable,

the necessary integrity of the piping system will be maintaiired./

Wherever the Hosgri seismic evaluation showed that stresses or strains

beyond the yield point would be calculated for loading combinations

related to the postulated Hosgri event, all necessary safety functions

will be maintained and the plant complies with all applicable NRC Rules

and Regulations, including that portion of Section (VI)(a)(l) of

Appendix A to 10 CFR Part 100 related to Intervenors'ontentions /

Evidence was presented to support the conclusion that the structures,

systems and components will perform as required during the postulated

earthquakes, i.e., they will remain functional and within applicable

stress and deformation limits when subjected to the effects of the

1/ Tr. 6919-6921.
2/ Hoch Testimony at 22, 23.
3/ Hoch Testimony at 23.
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vibratory motion of the postulated Hosgri event, including appropriate

concurrent loads. The Design Class I structures include the containment

structure, the auxiliary building, and the outdoor storage tanks. The

Design Class II structures containing Design Class I components include

the turbine building and intake structure.—1/

Mitness Ghio reviewed the procedures followed in establishing the original

seismic design of the plant using postulated earthquakes and criteria

approved by the Atomic Energy Commission with the issuance of construction

permits for the units. Mr. Ghio then'summarized the seismic evaluation

of the plant for the postulated 7.5M Hosgri earthquake and various

intermediate postulated earthquakes and the criteria developed to effect

this. Documentation for this evaluation was set forth in the Hosgri

Report. In April 1976 th'e NRC Staff issued Supplement No. 5 to the
SER,'hich

included response spectra independently derived by Dr. N.M. Newmark,

the rationale for thier development as well as the'arameters to be used

in the foundation filtering calculations for each major structure.

Supplement 5 prescribed that either the spectra developed by Blume or

Newmark would be acceptable with the following conditions:

with the following conditions:

(i) In the case of the Newmark spectra, no reduction for non-
linear effects would be taken except in certain specific
areas on an individual case basis;

(ii) In the case of the Blume spectra, a reduction for non-
linear behavior using a conservative factor may be
employed;

gl Ghio Testimony following Tr. 6941 at 1-3, 8-10.
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(iii) The results determined by use of the Blume spectra would
be adjusted so as not to fall below the results>determined
by use of the Newmark spectra at any

frequency.-'r.

Ghio explained that the basic approach used in the Hosgri evaluation

of structures adopted the same analytical procedures and criteria which

were employed for the original seismic analysis, with the following

specific changes:

(1) Use of the new 7.5 M on Hosgri inputs,

(2) Use of Regulatory Guide 1.61 damping

(3) Use of actual material Properties (excluding allowance for concrete
gain in strength with age).

(4) Allowance for ductility in certain cases

(5) Use of fixed base mathematical models,

(6) Vertical response dynamic analysis or oquiva]ent

(7) Use of accidental torsion or equivalent in addition to geometric
torsion.

(8) Modified procedure for smoothing floor spectra

(9) Combination of horizontal and vertical responses on 3-compon~gt
square-.root of the sum of the squares b~sis (or equivalent

The containment structure has been qualified, with minor modifications

which have been implemented, for the postulated Hosgri earthquake. Likewise,

the auxiliary building, with modifications to improve the seismic shear

1/ Ghio Testimony at 10-14.

2/ Ghio Testimony at 14, Tr. 6945; 6946.
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distribution in the fuel handling area, qualifies the structure for the

Hosgri event. The Design Class I outdoor water storage tanks required

significant modifications to permit them to resist the Hosgri earthquake.

Similarly, the turbine building required substantial structural modi-

fications to resist. the Hosgri event. The intake structure has been

found capable of resisting the Hosgri earthquake without sustaining any

damage .that would impair the functioning of the auxiliary saltwater

pumps. — Subsequent panels presented detailed informatson concerning1/

the modifications of these various structures: containment- auxiliary2/

building;— turbine,building;— intake structure; — outdoor water storage3/ . . . 4/ . 5/

tanks;~ and buried tanks and piping systems..6/ 7/

Similar evidence was presented concerning the integrity of plant mechanical

and electrical systems in the event of a Hosgri earthquake 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 condition, and (iii) the capability to prevent or
mitigate the consequences of accidents which could result
in potential offsite exposures comparable to the guideline
exposures of 10 CFR.

Ql Ghio Testimony at 3-8; Tr. 6943, 6944.

Q2 Ghio-Malik Testimony at 1-8; Tr. 6994-7031, 7040-7125.

3/ Ghio-Malik Testimony following Tr. 7130 at 1-6; Tr. 7131-7174.

Q4 Ghio-Lang Testimony following Tr. 7181 at 1-6; Tr. 7182-7219.

5/ Ghio-Lang Testimony following Tr. 7224 at 1-4; Tr. 7225-7269.

Q6 Ghio-Jhaveri Testimony following Tr. 7285 at 1-4; Tr. 7287-7309,
7404-7419.

Q7 McLaughlin-Lawson Testimony following Tr. 7324 at 1-4; Tr. 7325-7352.
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The following general classes of components were included in the Hosgri

requalification: reactor coolant system; auxiliary mechanical equipment;

piping systems other than the reactor coolant piping; and electrical

equipment. The process that was used for the requalification of the

mechanical and electrical equipment for the Hosgri earthquake was broken

down into seven basic steps:

(1) Identification of systems requiring evaluation.

(2) Definition of the functional requirements of the equipment
within'the required system.

(3) Determination of the seismic input to the required system.

(4) Establishment of the criteria for evaluation.

(5) Establishment of the methodology of the evaluation.

(6) Perform the evaluation, determine the need for modification.

(7) Make modifications where required.

Each of these steps in the requalification process will be described

in more detail below.~1/

As discussed in Mr. Ghio's testimony, seismic response spectra for all

relevant locations in those structures significant to the plant were

developed by URS/John A. Blume & Associates. These spectra are contained

in Chapter 4 of the Hosgri Report and provided in the seismic input for

the qualification of the equipment of concern. To determine the systems

requiring evaluation, those required for plant shutdown were identified

Ql Gormly Testimony following Tr. 7449 at 1-3; Tr. 7450, 7451.
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first. Next, the systems and procedures required to achieve and main-

tain hot shutdown and long-term cold shutdown conditions after the postu-

lated seismic event were evaluated. This evaluation was consistent with

Regulatory Guide 1.29 and was done assuming that:

(1) only systems qualified for the event would be available;

(2) the single failure criterion would be satisfied;

(3) off-site power may be lost for an extended period of time.

A tabulation was then made of the equipment and components comprising

those systems and the functions that the equipment was required to per-

form. This included a determination of whether components were passive or .

were required to mechanically function during or following the postulated

seismic event. Also, piping systems which were required to retain their

struc'tural integrity were identified. Equipment not required for shut-

down but which would be categorized Category I by current regulations

was further identified. Stress criteria were developed for various com-

ponents. For components which were required to perform a mechanical

function in addition to retaining their structural integrity, additional

criteria were developed. The appropriate criteria were established in

conformity with the applicable industry codes and standards as required

by 10 CFR 50.55a. The criteria for mechanical equipment and piping were

taken primarily from the ASME Soiler and Pressure Yessel Code and the

cr iteria for electrical equipment were taken from IEEE standards. After
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the equipment and systems of concern were identified and specific cri-

teria were fixed for such equipment and systems, the specific evaluation

commenced. The evaluation was accomplished by either detailed seismic

analyses, seismic testing (shaking), or a combination of analyses and

testing. The details of the analyses or tests performed for this equip-

ment can be fo'und in Chapters 5 through 10 of the Hosgri Report. The

results of the'analyses and/or tests were then compared to the criteria
r

developed for acceptability. For instance, the results of a seismic

analysis would define the stresses developed in the component from the

postulated seismic event. These seismic stresses were then combined

with other stresses which would be caused by normal operation or, where

appropriate, stresses that would be c'aused by design basis events. .The

total stress was then compared to the stress criteria. Where the

stresses exceeded the stress criteria, an evaluation was made as to the

action required to satisfy the stress criteria, such as equipment modi-

fication or replacement.—1/

In general, the major area where significant plant modifications were

required by the requalification was in the piping systems. As a result

of stress analyses, modifications have been made to at least 900 of

the approximately 5,000 pipe supports, the remaining 4,100 not requiring

modification.+ These modifications range from a minor stiffening of

Ql Gormly Testimony at 2-5; Tr. 7452-7467.

Q2 Tr. 7679.
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the support to complete replacement. In no instance was it necessary to

modify or replace the piping itself. In addition to the piping system

modifications, some modifications were required for apprnimately 50

percent of the above-mentioned tanks and heat exchangers. These

modifications were generally minor and were related to increasing the

support capacity. Other modifications were made in various electrical

,components in the plant./ Detailed evidence concerning the analyses.

and modifications, if necessary, of various systems and components was

offered covering plant systems; — the reactor and reactor coolant system;—3/

auxiliary mechanical equipment; — other piping systems; — and electrical4/ . . .5/

equipment and instrumentationP

Mith regard to the reacto~ and reactor coolant system, the analysis

demonstrated the ability of the reactor and reactor coolant system to

withstand the postulated Hosgri event coupled with a simultaneously

occurring postulated pipe break in the main reactor coolant piping.

'Ql

+2

Q3

Q4

5/

J6'ormly

Testimony at 6.

Gangloff Testimony following Tr. 7471 at 1-8; Tr. 7472-7484.

Esselman Testimony following Tr. 7548 at. 1-8; Tr. 7549-7586.

Esselman-Antiochos, Testimony following Tr. 7589 at 1-6; Tr. 7590-
7657.

Bacher-Esselman Testimony following Tr. 7660 at 1-7; Tr. 7661-7679.

Esselman and Young Testimony following Tr. 7686 at 1-8; Tr. 7687-
7692.
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The iRRC Staff required that the stresses or loads resulting from the

postulated seismic event be combined with the stresses or loads resulting

from the postulated pipe rupture. The results of the combination of the

stresses and the overall stress summary are presented in Appendix F of

the Hosgri Report. This appendix demonstrates the acceptability of the

reactor coolant system. It is important to note that the allowabl.e

stresses used are determined by various Codes and Standards groups to

assure the structural integrity of the structure or component. Thus,

as long as the stresses are determined to be equal or less than allowable,

there is ample margin in the design of the system. The acceptance criteria

used provide substantial additional margin to failure.—1/

The reactor fuel for Diablo Canyon, described in Chapter 4 of the FSAR,

could conceivably be affected by the postulated seismic event combined

with the loss of coolant accident; As a result of a seismic event, the

motion input to the fuel would cause impact loads on the fuel grids. The

fuel grids are spacer elements which maintain the spacing of the fuel

rods to permit adequate cooling. Dynamic testing was performed on the

grids to determine the load at which they would first experience perma-

nent deformation. Loads from the seismic event and the worst post-

ulated loss of coolant accident individually and combined, are below

the allowable grid strength. This provides assurance that the fuel

'rids will not deform and that the geometry for adequate cooling will

l/ Esselman Testimony at 4-5.
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be maintained following the postulated Hosgri event and a concurrent loss

of coolant accident. The NRC Staff did, however, request that fuel grid

deformation be postulated. Assuming fuel grid deformation, the resultant

modification geometry of the grid was used in an ECCS analysis. It was

demonstrated that with the postulated maximum credible deformation of the

grid, the core would remain eoolable. The fuel was, in short, shown to

be acceptable by two different methods:

(i) The calculated loads indicated that deformation of the fuel
grid would not occur; and

(ii) even if the postulated maximum credible deformation
occu'rred, that the core would remain in a eoolable
geometry.

Accordingly, the entire reactor coolant system has been shown to be fully

acceptable for the postulated seismic event and the unlikely simultaneous

occurrence of a postulated pipe break event. Thus the integrity of the

reactor coolant pressure boundary is assured.—1/

~ At'arious stages in the presentation on mechanical systems and compo-

nents, questions were asked of PGand E and Staff witnesses concerning

simulated aging. It developed that the updating to current criteria

required by the NRC Staff did not include simulated aging and other gen-

eral environmental qualification recommendations reflected in the Staff's

current position for new plants. — It was pointed out that aging need2/

not be considered for the reactor coolant system and auxiliary mechanical

!

1/ Esselman Testimony at 5-7; Tr. 7571-7576, 7582, 7583.

Q2 Tr. 7461, 7463, 7648, 7845, SER Supp. 7 pp. 3-72.
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equipment because those materials do not age% It was also pointed out

that aging of such equipment is taken care of automatically through such

measures as designing against corrosion or other degradation. — Finally,
I

most of the remaining power plant components in question are not unique

to nuclear power plants and a lengthy record of preventive maintenance to

offset the effects of aging for the life of the plant has been developed

through the years at fossil-fueled stations%

Intervenors offered testimony on Contentions 5, 6 and 7 through their

witness Richard B. Hubbard.~ As with his testimony on the operating
4/

basis earthquake, much of his testimony was struck as being beyond the

expertise of the witness.~ Of the testimony remaining, there were
5/

I

allegations that there is no record that the effects of aging have been

considered in the seismic qualification of electrical equipment and that

using a shaker table may have introduced common failure modes not readily

detectable.~ However, on cross-,examination, Mr. Hubbard admitted that
6/

the IEEE standard which refers to aging was not issued until 1974 and

that the prior version of the IEEE standard, issued in 1971, did not have

a requirement for simulated aging. — He also admitted that the effects7/

gl Tr. 75 8-7580, 7583, 7584, 7641-7646, 7648.

Q2 Tr. 7646, 7647.

Q3 Tr. 8790.

Q4 J. I. Ex. 65.

Q5 Tr. 7888-7893.

Q6 J. I. Ex. 65, pp. 5, 6, 7-8.

Q7 Tr. 7895, 7896.
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of aging could be determined through periodic testing and inspection. ]/.
As far as the use of the shaker tables is concerned, Hr. Hubbard admitted

that the absence of such testing of the plant components would give rise

to uncertainties, different uncertainties, than if the components were so

tested. — An NRC Staff witness testified that equipment must be qualified2/

both during and after the simulated event and that, accordingly, PGandE

was required to inspect and test the equipment to demonstrate functional

operability after the test. In addition, the Staff took one more step

than ordinarily required by requesting PGandE to install strain gauges on

some of the equipment to measure stress incurred during the test arid

possible fatigue. The data indicate that the structural integrity of the

equipment will not be affected by possible fatigue due to the shaker

- table testing and therefore it is acceptable to return the equipment to

the plant. — Another NRC Staff witness pointed out that in all cases

Q4only one of a redundant set of equipment was so tested.

NRC Staff review of the structures, systems, and components of the Diablo

Canyon Plant was described in the SER Supplements 7 and 8 and in testimony

by a panel led by Mr. James P. Knight.—

r. 7 99, 90 .

J2 Tr. 7913-7916.

J3 Tr. 8711, 8713; 8813-8816.

Q4 Rosa Testimony p. 8.
Q5 Testimony following Tr. 8697.
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Hr. Knight explained the methods and procedures followed by the Staff in

reviewing the facility for the Hosgri event, and he described the major

modifications made to the existing plant facilities to qualify them for

the Hosgri event. He concluded as follows:

The staff review of the seismic design of the OCNGS has
been the most extensive we have ever undertaken. This
review has extended from the basic input criteria employed
through the details of myriad analyses to the implementa-
tion in final design. Our goal throughout the review has
been to assure that demonstrably conservative practices
were followed at each level of design. We believe that
this goal has been fulfilled in all aspects of the DCNGS

reevaluation, including confirmatory analyses and tests,
design of modifications, and the establishment of oper-
ating restrictions where necessary. It is our conclusion,
therefore, that the structures, systems and components
necessary at the DCNGS to assure the health and safety of
the public will remain functional under the loading that
would result from any seismic event, of severity up to and
including that specified for the Hosgri event.

Testimony as to the seismic qualification of the Class I electric equip-

1/
ment was presented by NRC Staff Witness Faust Rosa. — He also testifsed

concerning aging, noting there previously had been no such requirement

but that did not make nuclear plants unsafe because there are other

things going on continuously that would reveal the effects of age, such

as seismic testing and normal maintenance. — The Staff, nevertheless, is

conducting research programs and a systematic evaluation of older operating

reactors to better determine the significance of aging in qualification

testing. This subject will be reassessed by the Staff before natural aging

could have any significant effect on the seismic qualification of equipment

1/ Testimony following Tr. 8748.
Q2 Tr. 8785, 8786.
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installed at Diablo Canyon.— It was also pointed out that there is

nothing unique about most of the equipment in a nuclear power plant

and that a wealth of experience exists with this equipment in facilities

around the world which have bhen in existence the pat ten, twenty or

more years.—2/

The Staff review of the seismic design of the Diablo Canyon plant was

the most extensive ever undertaken by the Staff of the NRC. — The3/

Applicant's review was also extraordinarly thorough.

The Hoard finds that the applicant has demonstrated through appropriate

analysis and tests that Category I structure, systems and components

will perform as required during the seismic load of the safe shutdown

earthquake.

The Board finds that the Category I structures, systems and components

will be adequate to assure (a) the integrity of the reactor coolant
C

pressure boundary, and (b) the capability to shut down the reactor and

.maintain it in a safe condition.

osa estimony at 6-7.

2/ Tr. 8790.

3/ Knight Testimony at 54.
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The Board finds that the evidence demonstrates that all structures, sys-

tems and components of the Diablo plant necessary for continued opera-

tion without undue risk to the health and safety of the public will

remain functional and within applicable stress and deformation limits

when subjected to the effects of the operating basis earthquake in

combination with normal operating loads.

The Board finds that the necessary safety functions will be maintained

during the safe shutdown earthquake where, in safety-related structures,

systems and components, the design for strain limits is in excess of

the yield strain.

F. ~Securi t
Intervenors, San Luis Obispo Mothers for Peace, through other counsel

also advanced a contention covering various ways in which PGandE's

security plan allegedly fails to conform to NRC regulations. Oue

to the inability to produce a qualified expert as mandated by the

Appeal Board in ALAB-410, Intervenors in a letter dated January 19,

1979, withdrew from the proceeding, and .the Board accepted the letter

as a vu1untary defau1t under 10 CFR 2.707.— At a specia1 in camera1/

session before the Board on Monday, February 12, 1979, Staff and

Applicant presented evidence that PGandE's security plan in fact

complies with all applicable NRC Regulations. On the same date, the

Board members together with Applicant and Staff counsel and witnesses

also toured the Diablo Canyon plant to view the security system and

components. Based upon the evidence presented the Board finds that

the PGandE security plan complies with all applicable NRC regulations.

Because of the sensitive nature of this evidence, it, will not be fur-

ther reviewed in this decision.

1/ Tr. 9367-9368.
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IV.
Other Matters - Findin s of Fact

A. Generic Matters

In Gulf States Utilit Com an ,+ the Appeal Board described the Commis-

sion's procedure for the review of safety questions bearing upon a con-

struction permit application@ and instructed licensing boards that their

review of safety matters must "....entail an inquiry into whether the

Staff review satisfactorily has come to grips with any unresolved generic

safety problems which might have an impact upon operation of the nuclear

facility under consideration."+

A working description of generic safety items as they pertain to our

evaluation of generic issues in this proceeding is evident from the

following:

Information related to the safety of nuclear power plants
comes from a variety of sources. Obvious sources of such
information are experience from operating reactors, research
results, NRC Staff and ACRS safety reviews and vendor,
architect/engineer and utility design reviews. Each time a
new concern or safety issue is identified from one or more
of these sources, the need for immediate action to assure
safe plant operation is assessed. This assessment includes
consideration of the generic implications of the issue.

1/ River Bend Station Units 1 and 2, ALAB-444, 6 NRC 760 (1977).

g2 Id., at 764-768.

3/ Id., at 774-75. Vi inia Electric and Power Com an (North Anna
Nuclear Power Station, Units 1 and 2 , ALAB-491, 7 NRC 245 (1978).



~ ~ ~ 's



In some cases, immediate action is taken to assure safety,
e.g., the derating of boiling water reactors as a resul t
of the channel box wear problem in 1975. In other cases,
interim measures, such as modifications to operating pro-
cedures may be sufficient to allow further study of the
issue prior to making licensing decisions. In most cases,
however, the initial assessment indicates that immediate
licensing actions or changes in licensing criteria is not
necessary. In all of these cases, further study may be
deemed appropriate to make judgments as to whether existing
NRC Staff requirements should be modified to address the
issue for new plants or if backfitting is appropriate for
the long-term operation of plants already under construction
or in operation.

These issues are sometimes called "generic safety issues"
because they are related to a particular class or type of
nuclear facility rather than a specific plant. These issues
also are referred to as "unresolved safety issues." However,
as discussed above, such issues are included in the NRC

program only after the Staff has made an initial assessment
for individual plants and has made a determination that the
safety significance of the issue does not prohibit continued
operation or licensj~g actions while the longer term generic
review i s underway.—

These generic items may appear in the form of problems which have been

previously identified in a Technical Safety Activities Report (TSAR),

Task Action Plan, an ACRS report or elsewhere.—

In sum, we understand River Bend to require that for an Applicant to

carry its burden, the public record, with respect to the unresolved

generic safety problems, must contain (1) a description of the problem

and its relationship to the plant under study, (2) an explanation of the

program for the solution of the problem, and (3) a rational basis for the

licensing or continued operation of the reactor despite the problem. In

1/ Staff Exhibit 15, Appendix B (NUREG-0410), pp. vii-viii.
Q2 River Bend at 775.
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the context of an operating license proceeding, the appeal board

restated these standards, emphasizing the third requirement.

In North Anna, the Appeal Board further stated:

***the role of NRC adjudicatory boards in operating license
proceedings —as distinguished from those involving construc-
tion permits -- is qui te limited insofar as uncontested
matters are concerned. The Commission's regulations tell both
the licensing boards and us that, while we may give "appro-
priate consideration" to a "serious safety, environmental or
common defense and security matter ...that has not been raised
by the parties," we are to exercise that authority "sparingly

nd only in extraordinary circumstances." 10 CFR 32.760a,
2.785(b)(2). To be sure, there is no doubt that the absence

of an appeal does not deprive us of the -right to review an
issue that was contested before a licensing board. But we
must be more judicious about tj~ing up new matters not
previously put in controversy.

g2

***Ofcourse, these '!unresolved" issues cannot be disregarded
in individual licensing proceedings simply because they also
have generic applicability; rather, for an applicant to
succeed, there must be some explanation why construction or
operation can ppceed even though an overall solution has
not been found.~

eeewhere ~ceration of a facility is involved, similar analysis
is necessary; but, as to certain issues, the justification for
giving an applicant the green light can obviously be more
difficult to come by. For example, the reason often given for
allowing construction activity is that there is still time to
find a solution and build it into the plant's design. At the
operating license stage, that reason is not available. But
there may be one or more other justifications for permitting
the plant to operate. The most common are that a solution
satisfactory for the particular facility has been implemented;
a restriction on the level or nature of operation adequate to
eliminate the problem has been imposed; or the safety isle
does not arise until the later years of plant operation.—

North Anna, supra, at 247.

Ibid, at 248.

North Anna, ~su ra, at 248.
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On February 13, 1979, shortly before the record was closed on the seismic

issue, the Board received a submittal from the NRC Staff on generic

safety issues. Staff Exhibits 13 (Aycock Professional gualifications),

Staff Exhibit 14 (Crocker Professional qualifications) and Staff Exhibit

15 (Affidavit of Aycock, Crocker and Allison Relating to the Status-of

NRC Staff Activities Regarding Generic Safety Issues) were marked for

identification.+

The Board deferred its consideration of the documentation until after the

record was closed and it was no longer involved in an intense evidentiary

hearing.

The Staff has provided a thorough description of its extensive program

for dealing with generic issues in Staff Exhibits 13-16. From them, we

learn that, as unresolved safety issues are identified, a high-level Staff

group determines whether immediate action is necessary to assure con-

tinuing safety or whether the safety significance of the issue is such

that operations and licensing actions may continue while a longer term

generic review is underway. To date, an extensive list of such generic

issues have been identified from various sources such as the ACRS, Staff

members, operating experience, and research results. The Staff has

screened all of these generic issues and placed them into one of four
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categories, A, B, C, or D, according to their potential safety signifi-

cance and urgency.

While many of the generic issues identified and categorized have to do

with nuclear plant safety, others relate to environmental matters, to

means of improving the regulatory process, and to the advisability of

relaxing certain regulatory requirements which may be unnecessarily

conservative. t1oreover, not all of the generic issues which relate to

plant safety are applicable to any one particular plant.

Staff Exhibit 15 (and its Appendix A), Staff Exhibit 16, the SER, and SER

supplements fully discuss Category A tasks perceived by the Staff to be

of some applicability to Diablo Canyon. In its discussion of each of the

Category A tasks applicable to Diablo Canyon in Staff Exhibits 15 and 16

and Appendix A to Staff Exhibit 15, the Staff submits a detailed descrip-

tion of each issue, details of the plan for resolving the particular

issue, or an indication that the issue is resolved, or a discussion of

why it believes that licensing may proceed pending resolution of any

issue. We conclude that the Staff has set forth these problems, pro-

grams, and bases 'clearly and rationally and the public record of the

proceeding now reflects the Staff's views and perception of these

elements.

1/ Category A is defined as follows:
Category A:
Those generic technical activities judged by the Staff to warrant
priori ty attention in terms of manpower and/or funds to attain early
resolution. These matters include those the resolution of which could
(1) provide a significant increase in„assurance of the health and
safety of the public, or (2) have a significant impact upon the
reactor licensing process. Staff Exhibit 15, Table 1, p. 3-3.
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In each instance, the Staff has concluded that one or more of the fol-

lowing bases for continued licensing applies: (1) the problem has been

resolved for the reactor under study,'2) a resolution can reasonably be

expected before operation, (3) there will be no safety implications until

after years of operation and alternative means will exist to avoid undue

risk to the public, (4) current standards are adequate but confirmatory

studies are desirable while licensing continues, (5) a problem is so

unlikely to occur as to be an incredible event, (6) the task is for the

purpose of resolving unclear, conflicting, or impractical requi rements of

the regulations, or, (7) presently adequate criteria can be improved.

The Hoard has determined that the documentation furnished by the Staff

with respect to Category A generic safety issues has satisfied the Hoard's

concern on all issues. Staff Exhibi ts 13, 14, and 15, respectively,

(marked for identification) are admitted into evidence as Staff Exhibits

13, 14, 15, respectively%

1/ Staff's Exhibit 16 relative to Anticipated Transients Without
Scram (ATWS) in the form of an affidavit of Dennis P. Allison
and Ashok C. Thadani dated March 1, 1979 and NUREG-0460,
Volume 3, were admitted into evidence by the Board's Order of
March 12, 1979 ("NRC Staff Testimony Relative To Anticipated
Transients Without Scram (ATWS) and Radon-222." (March 12,
1979')).
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Category A problems are those of highest priority. Remaining to be con-

sidered are Category 8, C; and D generic safety matters. 01

The Staff did not deal with the 8, C, and D Category problems in Staff

Exhibit 15 (other than those that were elevated to the Category A

level@ responding to River Bend explaining that:

"Of those remaining Category 8, C, and 0 tasks that are related
to plant safety and that are applicable to the Diablo Canyon
facilities, we have identified none that could not be resolved
either by system alterations using available techniques and
equipment or by operational modificatioqs in the event that

1/ Category 8, C, and D are defined as follows:
Category 8:
Those generic technical activities judged by the Staff to be impor-
tant in assuring the continued health and safety of the public but
for which early resolution is not required or for which the Staff
perceives a lesser safety, safeguards or environmental significance
than Category A matters.
Category C:
Those generic technical activities judged by the Staff to have little
direct or immediate safety, safeguards or environmental significance,
but which could lead to improved Staff understanding of particular
technical issues or refinements in the licensing -process.

Category D:
Those proposed generic technical activities judged by the Staff not
to warrant the expenditure of manpower or funds because little or
no importance to the safety, environmental or safeguards aspects
of nuclear reactors or to improving the licensing process can be
attributed to the activity.
Staff Exh. 15, Table 1.

2/ Staff Exhibit 15, Table 2, pp. 3-8. 3-10, 6-3, 7-30 through 7-34.
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the staff's review of the issue revealed that current criteria
required upgrading during operation. On this basis and the
Steering Committee's judgment that the remaining Category B, C
and D issues are of lesser safety significance than Category A
issues and that not even all of the Category A issues qualify
as "Unresolved Safety Issues," detailed information on the
remaining Category B, C and D tasks is not, in our judgment,
necessary and we have not included any su~4 information for
the remaining Category B, C and D tasks."-'

The Staff defines Category B tasks as those tasks not having the "poten-

tially significant public safety implication(s)" referred to in River Bend.

Me accept the Staff's conclusion because it is also a working conclusion

which must be made by the Staff in the discharge of its responsibilities.

It is within the Staff's discretion to determine in the first instance

which tasks require resolution before others and whether licensing may

safely proceed without a program for resolution of the tasks.

The Board concludes that the Staff's evidence on generic safety problems

is not inconsistent with River Bend. The evidentiary record demonstrates

that Category B tasks can be resolved, if necessary, by system alterations

using available techniques or operational modifications.— The record

also demostrates that no Category B task requires resolution to remedy

significant defects in facility design& The Staff has thoroughly

explained its program for the review of the generic tasks to determine

whether a plan is requi red. And most important, the Staff has explained

why licensing can safely proceed in the face of the problem.

Ql Staff Exhibit 15, pp. 6-30 and 6-4.

2/ Staff Exhibi t 15.

J3 Staff Exhibit 15, pp. 6-3 and 6-4.
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With these elements, the Staff has met the substantive requirements of

River Hend. We have undertaken to ascertain whether the Staff dealt

appropriately with the "unresolved" issues in this operating license

proceeding. We have looked to see whether the generic safety issues have

been taken into account in a manner that is reasonable from a regulatory

point of view and would be adequate to justify operation. We have searched

the entire record to see if there are adequate explanations on all the

issues pertinent to the Diablo Canyon facility, and have found that there

is a basis for the Staff's decision to allow operation to go forward.

Accordingly, there is nothing with respect to the generic safety problems

in either Category A or H which prevents this Board from finding under 10

CFR 550.35a that the proposed Diablo Canyon facility can be operated

without undue risk to the health and safety of the public as, we have

concluded in this Initial Decision.
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B. Radon 222 (Table S-3).

In a letter dated December 23, 1977, the NRC Staff informed this Licensing

Board about the concerns of Dr. Walter Jordan, an Atomic Safety and

Licensing Board member, who noted that the environmental impacts of the

uranium fuel cycle reflected in the NRC's generic evaluation (10 C.F.R.

(51.20(3) (Table S-3)) were underestimated because of the omission of

certain values for radon releases. That letter also stated that the NRC

Staff was in the process of reevaluating the extent and effect of the

emitted radon values for mining and milling. Copies of Dr. Jordan'

comments had previously been furnished to the Applicant and Intervenors

by Staff at the hearings held at Avila Beach, California on October 18,

1977.—

On April ll, 1978, the Commission issued an amendment to 10 C.F.R. 351.20

eliminating the values for radon-222 releases in the S-3 Table (43 Fed.

~Re . 15613, April 14, 1978). The Commission also directed that in

proceedings pending before Licensing Boards the records be reopened for

the limited purpose of receiving new evidence on the amount of radon

releases and the health effects resulting from these releases. Accordingly,

at the direction of the Commission, on Hay 2, 1978, the NRC Staff moved

the Licensing Board to receive into evidence the affidavits of Homer

1/ n a etter dated February 23, 1978, Staff, Counsel furnished copies
of the Staff reevaluation to the parties and Board consisting of
sworn affidavits by Dr. Reginald Gotchy and others. These affidavits
showed that if the Staff's radon values were applied to the pre-
viously revised S-3 Table, there would be no change. in the original
cost-benefit analysis favoring operation of the facility.
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Lowenberg dated January 20, 1978;, Jack E. Rothfleisch dated January 18,

1978; Reginald L. Gotchy dated March 28, 1<)78; R. M. Wilde dated March 28,

1978; and Paul J. Magno dated January 16, 1978/

In its Partial Initial Decision (Operating License) (Environmental Issues),

7 NRC 989, at 1024, n 14, (June 12, 1978), the Licensing Board held the

record open specifically for receipt of the new S-3 generic tables on the

environmental impact of the fuel cycle when the Commission's interim rule

is in place (Tr. 1581, 1603-12). The Commission directed that in pro-

ceedings pending before Licensing Boards, the record be reopened for the

limited purpose of receiving new evidence on radon releases and on health

effects resulting from radon releases.

On March 5, 1979, the Staff submitted the so-called P .rkins record on

Radon-222 in the S-3 Table on the environmental effects of the nuclear

fuel cycle. The significance of this is that we have elected to follow

in substance, if not in exact form, the procedure described by the Appeal

Board in Philadel hia Electric Co. et al., (Peach Bottom Atomic Power

Ql
"NRC Staff Motion for Leave to Admit Radon Testimony," May 2, 1978.
The Lowenberg, Rothfleisch and Magno affidavits were furnished the
parties in the Staff's February 23, 1978 letter. The affidavits of
Reginald L. Gotchy and R. M. Wilde, each dated March 28, 1978, and
submitted to the Board by "NRC Staff Motion for Leave to Admit
Radon Testimony" of May 2, 1978 were corrected versions of their
affidavits previously submitted in the same February 23, 1978 letter.
There is a typographical error on the page entitled "Homer Lowenberg
Biographical "1974-1967" to "1947-1967".
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Station, Units 2 and 3), ALAB-480, 7'4RC 796, 805 (1978).~ The thrust]/

of the Appeal Board's decision is that the Perkins record on what is

essentially a generic issue can be used in an individual licensing pro-

ceeding as a basis for decision with respect to radon-222 effects as they

affect the environmental analysis.—

The Intervenors are on record that they would not participate in the

radon-222 matter (Tr. 9934-35). During the recent evidentiary hearing on

the seismic issue, the Applicant urged the Board to accept the Perkins

record into evidence in this proceeding. (Tr. 9937).

The Board has examined the Staff's submittal and has determined that it
is the complete Perkins record on radon-222. The Board admits the Perkins

record into evidence as Staff's Exhibit No. 17. — The Perkins record3/

admitted by us as Staff Exhibit No. 17 includes among other material the

Perkins Board's Partial Initial Decision, Environmental Consequences of

2/
3/

1/ By its terms, the procedure outlined in Philadel hia Electric Co.,
et al. (Peach Bottom Atomic Power Station, Units 2 and 3, ALAB-480,
7 RRC 70-96 iaay 30, 1970) was limited to the 17 proceedings pending
before it. However, the Appeal Board indicated that Licensing
Boards, at their discretion, might adopt a similar procedure. This
was the procedure followed by the Licensing Board in the Yellow
Creek construction permit proceeding. However, the procedure adopted
by the Appeal Board in the 17 cases was not intended to be exclu-
sive. "Lon Island Li htin Com an (Jamesport Nuclear Power Station,
Units 1 and 2, ALAB-481, 7 NRC 807, 809 (1978).
Ibid., at 805.
"NRC Staff Testimony Relative to Anticipated Transients Without
Scram (ATWS) and Radon-222, Board Order dated March 12, 1979.
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the Uranium Fuel Cycle,+ and the five Staff affidavits proffered in this

proceeding by the Staff's motion of Hay 2., 1978.—2/

On November 6, 1978, the Commission, by its memorandum and Order of

November 6, 1978 in Consumers Power Com an (Midland Plant, Units 1 and

2) authorized the licensing board in that proceeding to consider the

radon issue either by accepting the Perkins Board's generic findings or

by its own analysis of the record.

The Perkins Partial Initial Decision is, in our view, complete and well

reasoned, and its conclusion is well supported by the Perkins

evidentiary record which we have thoroughly reviewed. Me agree with

the analysis of the Perkins Board and adopt their findings and

conclusions set forth in the Perkins Partial Initial Decision ("Perkins

PID") as applicable to this proceeding.

The Diablo Canyon facility will consist of two units of net electrical

outputs of 1084 and 1106 electrical megawatts for Units 1 and 2,

respectively.+ Thus, the radon releases resulting from preparation of

2/
3/

Duke Power Com an (Perkins Nuclear Station, Units 1, 2 and 3),
LBP-78-25, 8 NRC 87 (1978).
"NRC Staff Motion for Leave to Admit Radon Testimony," Hay 2, 1978.

SER, at 1-1.
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fuel for Diablo Canyon will be approxipately 2.2 times greater than those

determined for the reference 1000 NWe reactor. Assuming that the Diablo

Canyon facility will operate for 30 years, the plant will require about

63 AFR's during its lifetime. This is compared to 120 AFR —for the1/

Perkins facility of 3840 Nge consisting of 3 reactor units, each sized

at 1280 (me per unit. On a proportional basis, releases of radon assigned

to Diablo for stabilization of the tailings piles, and the mining and milling

of fuel for Diablo Canyon will be significantly less than attributable to

Perkins. This radon will be released over a period of time that will

depend on the precise mining and milling operations carried out. The

period may range from about one to about five -decades. The cost that we

must consider is a function of the amount released rather than of the

release rate. To determine the total amount released during the phase

after stabilization of the tailings pile and the consequent health effects

is based on how long into the future we can reasonably predict the impact

potential of these radon releases and how far into the future we should

attempt to predict the effects of present actions for the purposes of

NEPA.

Radon-222 is a natural product of the radioactive decay of uranium-238,

which has a half-life of 4. 5 billion years. Other long-lived isotopes

in the decay chain leading to radon are thorium-230, with a half-life

of 80,000 years, and radium-226, with a half-life of 1,600 years. Radon

in tailings is produced in secular equilibrium with these long-lived

1/ Perkins PID at 8.
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precursors, principally Th-230. Thus, the emission of radon from mill

tailings will continue for many millenia.

The Perkins. record shows that radon emissions from mining and milling of

uranium. would contribute an extremely small increment to the natural

background radiation. Dr. Gotchy provided estimates of the comparative

population exposures from radon emanating from the nuclear fuel cycle as

compared to naturally occurring exposures for periods out to 10,000

years. — Applicant (Duke Power Company) witness H. I. Goldman compared

background dose commitments as a function of housing accommodations,

energy conservation practices, and the mining and use of phosphate

fertilizer.~ Dr. Hamilton estimated the increase in dose to the
2/

bronchial epithelium that would result from the operation of his hypo-

thetical 1,000 t<We reactor.- The Perkins Board concluded that the
. 3/

increase in exposure from radon resulting from the fuel cycle for the

Perkins plant would be so small in relation to background that its impact

cannot be significant.—We have carefully reviewed the Perkins record4/

and believe that it. fully supports this finding. Therefore, we agree with it.

1/ Gotchy at 12, 14-18, following P. Tr. 2369.

Q2 Testimony of Goldman at 8-12, following P. Tr. 2266.

3/ Hamilton at 2-3, following P. Tr. 2266.

4/ Perkins PID at 29.
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The Perkins Board gave careful attention to the health effects of such

low level exposures to. radiation.+ It considered the evidence which

supports the hypothesis that health effects are linearly related to dose,

versus the hypothesis that repair mechanisms may result in there being a

threshold dose below which damage is less than would be predicted by

linearity.— The Board concluded, "We are of the opinion that the

linear hypothesis provides a conservative estimate of potential deaths

due to small doses of radiation to large populations."- We believe that„3/

the Perkins record supports this finding.— We agree that the linear

hypothesis provides a reasonable basis for calculating potential deaths

caused by small radiation doses.

Both Dr. Gotchy and Dr. Kepford offered calculations of cancer deaths

based on the linear hypothesis.~ Dr. Kepford calculated health effects5/

out to 10 —years. Projections that far into the future are meaningless.

We also reject Dr. Kepford's short-term estimates of radon emissions from

tailings piles because he assumed that the piles would not be stabilized.—7/

Therefore, we must also reject his estimates of cancer deaths.

1/ Perkins PID at 17-21.

2/ Id., at 19-21.

3/ Id., at 21.

4/ See P. Tr. at 2270-71; also Lewis Testimony at 3-4, following P.
Tr. 2266; in addition see Gotchy at 7 and Table 4, following P.
Tr. 2396, and Kepford at 3, following P. Tr. 2820.

5/ Gotchy at 7, following P. Tr. 2396; Kepford, Table 4, followi~~
P. Tr. 2820. Dr. Kepford calculated health effects out to 10 years.

6/ Perkins PID at 8, 23-24.

7/ Perkins PID at 23.
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We found Dr. Gotchy's estimates of cancer deaths out to 1,000 years to

be reasonable. If Dr. Gotchy's assumptions about the period beyond

100 years hold, the nuclear fuel cycle would result in 0. 11 deaths in

100 years and 1.2 deaths in 1,000 years per AFR.— In terms of the1/

Diablo Canyon facility, which we have found will require about 63 AFR's

during its operational life, there will be less deaths in 100 years and

less deaths in 1,000 years attributable to radon released from mining

and milling of uranium than set forth with respect to Perkins.

The Perkins record, which includes the five Staff affidavits of Gotchy,

Lowenberg, Rothfleisch, Hagno, and Wilde, indicate that the value for

radon-222 contained in the revised S-3 Table did not include releases

for mining or mill tailings after the active life of the mill. However,

we find based on our analysis of the Perkins record, the difference

between the projected health effects of the uranium fuel cycle would

not be significantly affected by the addition of the incremental effects

from those aspects of urani'um mining or milling not previously included

in the S-3 Table.+ The impact from radon releases is "insignificant

compared to those due'to radon contamination in natural background",

and the authors of MASH-1248 were correct in their belief that "popula-

tion doses from this source cannot be distinguished from background".—

1/

g2

3/

Gotchy at 19, following P. Tr. 2396.

Gotchy affidavit of t1arch 28, 1978, at 11-12.

Affidavit of R. L. Gotchy, dated March 28, 1978 at 16.
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The Perkins Board made three findings with regard to assessing future

impacts of radon. First, it concluded that it was obligated to assess

the effects of today's action on future generations. Second, it decided

that any known effects on immediate successors should be considered as

important as effects on 'those now living. Third, adverse impacts on

descendants who may follow a million years from now should not weigh as

heavily as benefits to the present population. — We believe that theI/

Perkins Hoard has correctly seen its obligations to the present and future

public, and we concur, but with one reservation. We do not believe it
is possible to assess the impacts of radon from the fuel cycle for Diablo

Canyon on descendants who may follow us a million years hence.

We are led to the same conclusion reached by the Perkins Board:

(T)he best mechanism available to characterize the significance
of the radon releases associated with the mining and milling of
the nuclear fuel for the Perkins facility is to compare such
releases with those associated with natural background. The
increase in background associated with Perkins is so small in
comparison with the fluctuations in background, as to be com-
pletely undetectable. )ader such a circumstance, the impact
cannot be significant.~

While we believe that the morbidity figures used in Perkins are inflated,

we shall nevertheless use them as a conservative basis for reassessing

the cost/benefit balance for the Diablo Canyon facility.

1/ Perkins PID at 28.

2/ Perkins PID at 29.
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In respons'e to the Commission's directives contained in the statement

of consideration issued in connection with the clarifying amendment to

Table S-3 of 10 CFR Part 51, published in the Federal Re ister on

April 14m 1978, (43 F.R. 15613), the Board has carefully considered

available information concerning the releases of radon-222 (and Carbon 14)

associated with the uranium fuel cycle and health effects that can rea-

sonably be deemed associated therewith. We conclude that such releases

and impacts are insignificant in striking the- cost-benefit balance for
the Diablo Canyon Nuclear Power Plant% .

We conclude that our previous finding remains correct, i.e., the final

environmental balance weighs in favor of the licensing of Diablo Canyon

Nuclear Power Plant, Units 1 and 2.

1/ On July 14, 1978, in its Partial Initial Decision, Environmental
Consequences of the Uranium Fuel Cycle, the Perkins Licensing Board
found that releases of radon-222 associated with the uranium fuel
cycle and health effects that can be reasonably associated with
those releases are insignificant in striking the cost-benefit bal-
ance for the Perkins Nuciear Power Station. Perkins ~su ra.
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C. Safet Evaluation Re ort Items

A number of matters not in controversy and not taken up in this operating

Licensing Proceeding have been reviewed and analyzed by the Staff in

the Safety Evaluation Report and Supplements to the Safety Evaluation

Reports put into evidence in this proceeding. The Staff has made the

findings necessary to issuance of operating licenses subject to any

necessary completion of construction and verification of compliance with

certain specified requirements as set forth in the Safety Evaluation

Report, Supplement 8, Section 22.

V.

Conclusions of Law

We have thoroughly reviewed and evaluated the evidence submitted by all

parties with respect to the contentions raised by the Joint Intervenors.

The Board has evaluated the Staff's final environmental statement and

the Applicant's environmental report, the written testimony of Staff,

Applicant, and Joint-Intervenor witnesses, as well as the answers elicited

from these witnesses in response to questions of the Licensing Board and

the parties. The Board has examined the other evidence presented by

the parties in the form of exhibits.

With respect to environmental matters litigated in this case, we adopt

the Findings of Fact and Conclusions of law, including the license

conditions of our Partial Initial Decision (Operating License) (Environmental
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Issues), LBP-78-19, 7 NRC 989 (1978). He hereby delete conditions 2, 3, 5,

dg 1 11 1 11 111 11 1 high«~ggg
(Yellow Creek Nuclear Plant, Units 1 and 2), ALAB-515, 3~i~0. (December

27, 1978.

In addition to the conditions set forth in our Partial Initial Decision

of June 12, 1978 (except as modified above) the operating licenses shall

be issued subject to the following condition:

Any discharge resulting from the construction of this facility
will comply with the conditions contained in the National
Pollutant Discharge Elimination System permit issued fo. the
facility as presently approved or as later modified or renewed,
except for those conditions relating to the discharge of the
radiological effluents. Those conditions shall be modified to
regulate only radioactive effluents other than byproduct
material, source material, and special nuclear materal as they
are defined in 10 CFR Parts 30, 40 and 70.

Changes in circumstances since issuance of the construction permits do

not tip the cost-benefit balance against issuance of the operating licenses

our assessment of the FES, of the Applicant's compliance with 10 CFR

Part 50, Appendix I, of the evaluation of the health effects of coal

generation facilities versus nuclear generation facilities, and of the

Commission's final interim uranium fuel cycle rule, 10 CFR Part 51.10(e),

Table S-3) as it applies to the Diablo Canyon facility.
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The Board finds, based on considerations of the record in support of our

findings of fact and conclusions of law against the Joint-Intervenors on all

seismic contentions, that the Final Environmental Statement adequately

assesses all adverse environmental impacts that could occur from possible

earthquake-caused accidents, including, but not limited to, Class 9

accidents, given the seismicity of the Diablo Canyon site and the curret

design and construction of the Diablo Canyon Nuclear Plant which we have

found meets Commission requirements specified in the regulations (10 CFR

Part 100, Appendix A) with respect to seismic design.—1/

With regard to the safety issues, the Board concludes that the application

for operating licenses and the record of the proceeding contain sufficient

information, and that the review of the application by the Staff has been

adequate to support the following conclusions:

In accordance with the provisions of 10 CFR 550.57:

(1) On the matters dealt with in this Initial Decision, there

is reasonable assurance that construction of the facility

will be substantially completed, on a timely basis, in

conformity with the construction permit and the application

as amended, the provisions of the Act, and the rules and

regulations of the Commission;

(2) There is reasonable assurance that the facility will operate

in conformity with the appIication as amended, the provisions

of the Act, and the rules and regulations of the Commission;
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(3) There is reasonable assurance (i) that the activities

authorized by the operating licenses can be conducted without

endangering the health and safety of the public, and (ii) that

such activities will be conducted in compliance with the

Commission's regulations;

- (4) The Applicant is technically and financially qualified to

engage in the activities to be authorized by the operating

licenses in accordance with the Commission's regulations;

(5) The applicable provisions of 10 CFR Part 140 have been satisfied;

and

(6) The issuance of the licenses will not be inimical to the

common defense and security or to the health and safety of

the public.

The Licensing Board decides all contentions placed into issue against

the Joint-Intervenors. Having considered and decided all matters in

controversy among the parties related to operation, the Board determines

that the Director of Nuclear Reactor Regulation, in accordance with 10

CFR 550.57, should be authorized to make such additional findings on

uncontested matters as may be necessary to issuance of full-term
operating licenses for the Diablo Canyon Nuclear Power Plant, Units 1

and 2, subject to the conditions referenced above.
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ORDER

WHEREFORE IT IS ORDERED this day of , 1979, that the Director,

Office of. Nuclear Reactor Regulation, is authorized upon his making of the

requisite findings in accordance with 'the Commission's regulations, with

respect to matters not embraced in this Initial Decision to issue to the

Applicant,.operating licenses for a term of not more than forty. (40)

years, which authorize operation of the Diablo Canyon Nuclear Power Plant,

Units 1 and 2, at steady state power levels not to exceed 3338 MWt

(1084 MWe) and 3411 HWt (1006 t)We), respectively. Such licenses may be

in such form and content as is appropriate in light of the findings of

this Licensing Board in this Initial Decision, - provided . that such

licenses are consistent with the conclusions of the Board herein; and

IT IS FURTHER ORDERED, in accordance with Sections 2.760, 2.762, and

2.764 of the Commission's Rules of Practice, 10 CFR Part 2, that this

Initial Decision with respect to the Diablo Canyon Nuclear Power Plant,

Units 1 and 2, shall be effective immediately subject to the specifi-

cations of this Order and shall constitute, with respect to the matters

covered therein, the final action of the Commission forty-five (45)

days after the issuance hereof, subject to any review pursuant to

the Commission's Rules of Practice. Exceptions to this Initial Decision

may be filed by any party within ten (10) days after service of this

Initial Decision. A brief in support of the exceptions shall be filed
within thirty (30) days thereafter, forty (40) days in the case of



e



-103-

the Regulatory Staff. Within thirty ('30) days after service of the

brief of appellant (forty (40) days in the case of the Regulatory Staff)

any other party may file a brief in support of, or in opposition to,

the exceptions.

FOR THE ATOMIC SAFETY AND LICENSING BOARD

szabeth S. Bowers, Chairman

Glenn 0. Bright, Member

Dr. william E. Martin, Member

Respectfully submitted,

James R. Tourtellotte
Assistant Chief Hearing Counsel

R. Siaenberg
Counsel for NRC Staff

Edward G. Ketchen
Counsel for NRC Staff

Dated at Bethesda, Maryland
this 10th day of April, 1979
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Tr. 4286-8 amd 4355

Anderson-Trifunac Report "Uniform
Risk Absolute Acceleration Spectra
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I

Yeber and Lajoie Figure re Slip on
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"Earthquakes, A Primer" by Bruce Bolt

Article "Rational Determination of the
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its impact on Overall Safety and
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D. Stevenson, Sept. 1975
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5000

50ll

5026
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5046
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5046

5046

5046

29 Detailed View of Harble and Schist
Fragments (slide) 5046
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31 Abstract, 1977 Presentation by

Weber and Lajoie

In
Evidence

5046

32
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5236'4
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36

37
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40
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45
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1
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(slide)
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USGS Bulletin 672

USGS Open File Report 509 re Ground
Notion Parameters
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5613
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8680
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)
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Docket Nos. 50-275-OL
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INITIALDECISION

(Operating License)

(Non-Environmental Issues)

INTRODUCTION

A. Prior Proceedin s; Notice And Parties

1. ,Information concerning various notices pub-

lished in this proceeding and identification of the parties
is set forth in the Partial Initial Decision dated June 12,

1978, (7 NRC 989), which covers the environmental issues.

That decision and this decision constitute the Initial
Decision of this Board covering the operating license phase

of this proceeding.

2. On October 18 and 19, 1977, a public hearing

was held at the San Luis Bay Inn, Avila Beach, California,
to consider the remaining non-seismic issues other than the

security plan. Following this hearing Pacific Gas and
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Electric Company (PGandE) filed its proposed findings of

fact and conclusions of law on Novemb'er ll, 1977, and that

pleading is incorporated herein by reference. In an order

dated January 11, 1978, the Board ordered'ke other parties

to file similar pleadings. Joint Intervenors'roposed
4

findings were filed February 28, 1978, supplemented by an

eirata sheet dated March 9, 1978. PGandE filed its reply to

Joint Intervenors'roposed findings March 14, 1978. The

Staff's proposed findings were filed March -17, 1978.

B. Contentions Schedule And Discover

3. On May 25, 1977, the Board issued an order

denying Joint Intervenors'otion to add certain contentions

concerning backfitting and other matters.

4. In a letter to the Board dated April 24,

1978, counsel for the NRC Staff set forth the
contentions'he

parties agreed to accept and reject, and stated the

parties had stipulated that the ACRS letter, the Staff
Safety Evaluation Report (SER) and supplements, and the

Final Safety Analysis Report (FSAR) and supplements be

admitted into evidence. Because there was some confusion as

to the status of Amendments 50 et seg to PGandE's application
for an operating license application, which are generally

known as the Hosgri Report, it was stipulated on the record

that they too be admitted into evidence with the FSAR and

other supporting documents as Applicant's Exhibit A

(Tr. 6924-6926).
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5. The contentions agreed to by the parties are

as follows:

(a) The seismic design for the Category I structures,

systems and components of the Diablo Canyon Nuclear

Power Plant (Unit 1) fails to provide the margin

of safety required by 10 CFR Part 50 and 10 CFR

Part 100 in that:
(1) The Applicant has failed to conduct investi-

gations of the Hosgri fault system to determine

adequately (i) the length of the fault; (ii)
the relationship of the fault to regional
tectonic structures; and (iii) the nature,

amount, and geologic history of displacements

along the fault, including particularly the

,estimated amount of the maximum Quaternary

displacement related to any one earthquake

along the fault.
(2) A 7.5 magnitude earthquake is not an appro-

priate value for the safe shutdown earthquake.

(3) A .75g acceleration assigned to the safe

shutdown earthquake is not an appropriate

value for the maximum vibratory acceleration

that could occur at the site.
(4) The maximum vibratory acceleration of .2g for

the operating basis earthquake is not'one-half
///



i~



. 2

4

9

10

12

13

15
h. the capability to shut down the reactor

and maintain"it 'in a safe condition, or

of the maximum vibratory acceleration of the

safe shutdown earthquake.

~ (5) The Applicant has fai'led to demonstrate,

through the use of either appropriate dynamic

analyses or qualification tests (or equivalent

static load method where appropriate), that
Category I structures, systems, and components

will perform as required during the seismic

load of the safe shutdown earthquake, including
aftershocks and applicable concurrent functional

and accident-induced loads, and that Category I
structures, systems and components will be

adequate to assure:

a. the integrity of the reactor coolant
pressure boundary,

17

18

c ~ the capability to prevent or mitigate
the consequences of accidents which
could result in excessive offsite
exposure.

20

21

22

23

24

25

26

(6) The Applicant has failed to demonstrate,

through the use of either appropriate dynamic

analyses or qualification tests (or equivalent
static load methods where appropriate), that
all structures, systems and components of the

nuclear power plant necessary for continued

operation without undue risk to the health
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and safety of the public will remain functional

and within applicable stress and deformation
I"

limits when subjected to the=-effects of the

vibratory motion of'he operating basis

earthquake in combination with normal

operating loads.

(7) The Applicant has failed to demonstrate

adequately, that necessary safety functions

are maintained during the safe shutdown

earthquake where, in safety-related structures,

systems and components, the design for strain
limits is in excess of 'the yield strain.

6. Intervenors San Zuis Obispo Mothers for Peace

through other counsel also advanced a contention covering

various ways in which PGandE's security plan allegedly fails
to conform to NRC regulations. Due to the inability to

I

produce a qualified expert as mandated by the Appeal Board

in ALAB 410, Entervenors in a letter dated January 19, 1979,

withdrew from the proceeding, and Me Board accepted the

letter as a voluntary default under 10 CFR 2.707 (Tr. 9367,

9368)." At a special in camera session before the Board on

Monday, February 12, 1979, Staff and Applicant presented

evidence, indicating conclusively, and the Board so finds,
that PGandE's security plan in fact complies with all
applicable NRC regulations. Because of the, sensitive nature

l//
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13
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of'this evidence, it will not be further reviewed in this
decision..

7. On July 5, 1978, Joint Intervenors filed a

motion for reconsideration of the Board's order of May 25,

1977, which sought to add additional contentions. On July 17,

1978, Joint Intervenors filed a motion to establish *a hearing

schedule, and on July 19, 1978, the Board issued an order

setting up a conference of counsel for July 27, 1978. The

'. conference was duly held (Tr. 3662-3757) during which the

Board ruled on various pending discovery matters (later
confirming the rulings in an order dated August, 3, 1978) and

established a schedule for discovery. Counsel for Joint
Intervenors was given two weeks to submit a contention on

radon as part of the uranium fuel cycle (Tr. 3682). In a

letter dated August 7, 1978, counsel for Joint Intervenors
indicated that they would not submit such a contention.

8. In another order dated August 3, 1978, the

Board denied Joint Intervenors'otion for reconsideration.
In an order dated August 7, 1978, the Board confirmed the

discovery schedule adopted at the meeting of counsel, set
December 4, 1978, as the commencement date for the hearings,
and reserved December 4, and 5 for limited appearances.

This .was later confirmed in an order dated November 7, 1978.

9. On September 1, 1978, Joint Intervenors filed
a request that the Board issue subpoenas to thirteen named

individuals to appear as Board witnesses. This request was
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denied in an order dated October 10, 1978, was renewed at

the hearings as to two of the original thirteen named

individuals, Drs. Mihailo D. Trifunac and J. Enrique Luco

(Tr. 4273), and again denied on the ground there was no

showing of "exceptional circumstances" as required by the

"Interpietative Statement" of the NRC's Acting General

Counsel dated November 29, 1978, and,l0 CFR 2.720 (Tr.

4684). On December 31, 1978, Joint Intervenors filed a

motion for directed certification with the Appeal Board

which, in a decision dated January 23, 1979, directed that

the subpoenas issue (ALAB-519). Testimony from these

witnesses was received on February 7, 8 and 9, 1979, and

will be reviewed later in this decision.

10. On September 18, 1978, the Board issued an

order calling the parties'ttention to the Appeal Board's

decision on generic safety issues in the River Bend and

North Anna proceedings. These were covered by the Staff at

the hearings in the form of an affidavit and related documents

identified as Staff exhibits 13, 14, and 15 (Tr. 10176) In

addition, the Staff agreed to furnish the Perkins record to

cover the Table S-3 issues (Tr. 10180). ,On February 26, 1979,

the Board issued an order providing that the Board was
I

satisfied with the documentation furnished on all issues

except ATWS. This was made the subject of a separate

affidavit which was mailed to the Board March 5, 1979.

26
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5

7

11. Through the years, the 'ACRS and its sub-

committee for Diablo Canyon considered the Diablo Canyon

application. The final ACRS letter was issued July 14,

1978.

C. Evidentiar Hearin

12. The. evidentiary hearing was held in Avila
Beach December 4-23, 1978, January 3-16, 1979, and

February 7-15, 1979. As previously stipulated by the Board,

9 limited appearances were permitted only the first two days

10 of the proceedings, and a total of approximately 146 was

received. Responses by PGandE, Joint Intervenors, and the

Staff are on transcript pages 4253 to 4273. The following

13

15

16

17

18

19

20

21

22

23

numbered exhibits were identified and, where indicated,
received into evidence during the hearings:

///
///
///
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Trifunac/Luco documents identified on
Tr. 4286-8 and 4355

Anderson-Trifunac Report "Uniform
Risk Absolute Acceleration Spectra
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Weber and Lajoie Figure re Slip on
San Gregorio Fault

"Earthguakes, A Primer" by Bruce Bolt
Article "Rational Determination of the

Operational Basis Earthquake andits impact on Overall Safety and
Cost of Nuclear Facilities" by
J.D. Stevenson, Sept. 1975

IN EVIDENCE

4622

9012

9012

18

19

20

21

22

23

24

25
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PGandE EXHIBITS

PGandE Witness'echnical Qualification

Slide: Gualal'a Basin to Eagle Rest, Peak

Photographs of San Francisco Buildings

IN EVIDENCE

4388

4417

6084

30 Geological Society of America Abstract
{Silver) 6301

10

12

13

15

16

17

18

19

20

21

22

23

32

33

34

35

36

37

38

39

40

43

Interpretation of Preliminary Gravity Map

Blowup of Box-end on Ex. 31

Open File Report 75-121,

USGS Bathymetric Profile
Frazier - Q Attenuation

Operating License
Application and All Amendments
and Supporting Material

I

Brune Drawing

California Division of Mines and
.Geology Map (same as J.I. 35)

Report by T.W. Pickel to ACRS 5/31/78

Report by G.A. Thompson to ACRS 11/21/77

Page Memo to Siess

Thompson Letter to McKinley 7/22/77

Hall diagram of faults
J.I. 107 modified

J.I. 107 with hatch marks

Fugro Report

6301

6301

6301

6301

6855

6926

8114

8114

9.698

9698

'9698

9698

25

26
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PGandE Exhibits continued

5

9

10

46-60

61

62

63

64

65

Slides - Geology Panel Rebuttal

Peak acceleration as a function
of M (slide)

Near Field Strong Motion Records'ot Including Hanks and
Johnson'ata(slide)

Records of Naghan, Pacoima, Koyna
and Gazli - Earthquakes (slide)

Seed drawing of waves (slide)
Seed drawings showing earth

heterogeneities

10,100

10,161

10,161

10,161

10,161

10, 172

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26
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2

7

10

13

14

16

17

18

19

20

21

22

23

26

15

16

17

18

19

20

21

22

23

25

26

27

28

29

'INTERVENOR EXHIBITS

Jahns sketch - en echelon-
anastomosing faulting

Jahns sketch - strike-slip and
normal faulting

Location of Transition Zone with ten
mile boundaries approximated

Map from Fugro Report - Plate 1

Hoskins-Griffith Map of Santa Cruz
and Bodega Basins (slide)

Stratigraphic Columns - Pt. Reyes
and Santa Cruz Regions (slide)

Bathymetric Map — Monterey Submarine
Canyon (slide)

Map - Basement Contours in Monterey
Bay Region (slide)

Regional Geology Along San Gregorio
Fault Area (slide)

Graham-Dickenson Map of Faults at.
South End of San Gregorio Fault
Zone (slide)

Complete Bouguer Anomaly Map (slide)
Map of Coast, from Pfeiffer Point

and Saboranes Pt. (slide)
View Northwest from Hurricane

Point (slide)
View of Santa Margarita Formation at

Hurricane Point (slide)
View Down from Hurricane Pt. to

Seacliff (slide)
Detailed View of Marble and Schist

Fragments (slide)

-12-

IN EVIDENCE

4621

4621

4813

5000

5011

5026

5026

5046

5046

5046

5046

5046

5046

5046

5046





Intervenor Exhibits Continued

10

12

13

14

16

17

18

19

20

21

22

23

25

26

30

31

32

33

34

35

36

37

38

39

40

41

45

View of Sheared Sur Series Schist (slide)
.Abstract, 1977 Presentation by

Weber and Lajoie

Weber and Lajoie Fi'gure re Slip on
San Gregorio (formerly Board Ex. 3)

Graham and Dickenson Science Article
Map of Magnetic Intensity - Pigeon,

Point and Pt. Arena (slide)
Map from CDMG Report by Hall-

Location of San Simeon-Hosgri
Fault Zone (slide)

Hall Article from Science Magazine
re San Simeon-Hosgri Fault System

Hall Article CDM Bulletin re Lompoc-
Santa Maria Pull-apart

Complaint in U.S. District Court ™

D.C. Cir.
Smith Diagram - Illustrations of

Seismograms (slide)
Smith equation (slide)
Bolt - Focal Mechanism of

Earthquakes (slide)
Bolt - Sample Fault Plane Solut'ions

(slide)
Bolt - Sample Epicentral Locations

(slide)
Pages from FSAR 2.5(e)

USGS Bulletin 672

USGS Open File Report 509 re Ground
Motion Parameters

5046

5236

5236

5236

9595

9595

5613

5613

5613

5613

5635

8680
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Intervenor Exhibits continued

10

12

13

15

16

17

18

19

20

22

23

25

26

47

50

51

52

53

55

56

57-

58

59

60

61

62

63

64

65

. Hanks and Johnson Paper. "Geophysical
Assessment of Peak Accelerations"

Graham Testimony

Silver Testimony

Map from Bolt's Book

USGS Map MF-910, sheet 1

USGS Map MF-910, sheet 2

Example of Determination, of
Acceleration Response Spectrum

'II

Determination of Normalized
Acceleration Response Spectrum

Frazier - Response Spectrum Equation

Malik Letter to Hoch 7/20/78 w/att.
Gangloff Letter to Kelly 5/30/78 w/att.
"Analysis of Soil Structure Inte'raction

Effects During Earthquake of Diablo
Canyon Nuclear Power Plant"
by Seed and Lysmer

Malik Letter to Hoch 5/16/78

Blume draft "Effect of Prior Loading
of Reinforced Concrete on its
Damping Value"

Drill Hole Log

Slide: Containment Shell Diagonal
Reinforcing Stress

Table: Containment: Shell Diagonal
Reinforcing Stresses

Memo: Document PD 608

Hubbard Testimony and Qualifications

5944

6148

6148

6153

6227

6227

6693

6693

6693

6836

6836

6836

7052

7052

7895
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Intervenor Exhibits continued

66 Brune Testimony and Qualifications

67 Note: De Young to Giambusso 2/20/75

7940

10

12

13

15

16

17

20

68

70

GandH

'71,

72

73-106

107

108

109

110

Memo: Program to Establish Basi to
License Diablo Canyon 1/12/76

Note: De Young to Giambusso 2/ll/75
Memo: Fraley to Rusche 12/20/76

Previously Board Exhibits 2G and 2H

Draft Report "Response Spectra of
Combined Translation and Torsion For
a Traveling Seismic Wave"
by Newmark, et al.

Clarence Hall Bibliography

Set of Slides by Clarence Hall

Generalized Fault Map, West
Central California

Map from California Division of Mines
and Geology Special Report 137, Fig. 1

Abstract of Fugro Report from Trans-
actions, American Geophysical Union

USGS Open File Report 79-385 "San
Gregorio-Hosgri Fault Zone, A
Reduced Estimate of Maximum
Displacement" by V. Seiders,
January 1979

8403

9470

9700

9596

9596

9698
T

22

23

25

26
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STAFF EXHIBITS

10

5 12

7 13

Equation Nine, NB-3652

NUREG - 0371, Task Action Plans
for Generic Activities

NUREG — 0471, Generic Task Problem
Descriptions, Categories B, C
and D Tasks

Technical Qualifications-
Michael B. Aycock

Technical Qualifications-
Lawrence'P. Crocker

10 15 Affidavit of Aycock, Crocker and
Allison re Generic Safety Issues

13

15

16

17

18

19

20

21

22

23

25

26
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PRINARY ISSUES

10

12

13

15

16

17

13. In general terms the issues raised by the

contentions all relate back to the ability-of the Diablo

Canyon Nuclear Power Plant to withstand any earthquake that

„can reasonably be expected to occur on the Hosgri fault,
which is located approximately three miles from the site.

14. Thus the primary issues can be classified for
\

simplicity as follows:

(1) What is the maximum credible earthquake that
can reasonably be expected to.occur on the

Hosgri fault at its nearest point to the
U

plant?

(2) What vibratory ground motion will that
reproduce

at the plant?

(3) What criteria for evaluation of the plant
for the postulated Hosgri event are proper?

18

19

20

(4) How will the plant structures, components and

equipment respond to that vibratory ground

motion?

22.

23

///
///

24

25

26
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CONSIDERATIONS BY THE BOARD

A. Geolo ic Settin Of The Site

10

Contention

(1) The Applicant has failed to conduct
investigations of the Hosgri fault
system to determine adequately (i)
the length of the fault; (ii) the
relationship of the fault to re-
gional tectonic structures; and(iii) the nature, amount, and
geologic history of displacements
along the fault, including partic-
ularly the estimated amount. of the
maximum Quaternary displacement
related to any one earthquake along
the fault.

12

13

14

15. PGandE witnesses Douglas Hamilton, Dr. Richard H.

Jahns, and C. Richard Willingham presented detailed testimony

concerning the geologic and seismologic setting of the

15 Diablo Canyon Power Plant (Testimony following Tr. 4457).

16

17

18

19

20

21

22

23

24

25

26

In their testimony they pointed out that the Diablo Canyon

site is located along the southwest-facing coast of the

mountainous peninsula that lies between San Luis Obispo Bay

and Estero Bay, within the Souther'n Coast. Ranges structural
province of California. The terrace at the site is underlain

by sedimentary rocks, 'chiefly sandstone and siltstone,
approximately 16 million years old. Prior to project con-

struction, these rocks were overlain by an unfaulted sequence

of sand, clayey sand, gravel, and rubble, all of the

Pleistocene age and probably between 80 and 120 thousand

years old. (Testimony at 1).

-18-





16. During the approximately 200 years of historic
record, -the interior of the Southern 'Coast Ranges province

has exhibited a moderate level of seismic activity, with
scattered earthquakes ranging up to a maxi'"'m of magnitude 6.

In geologic terms the period of historical record is brief,
but evidence that surface displacements along major faults
in the province have been minor or non-existent indicates

that this pattern of small to moderate earthquakes has

9 characterized most of the province during the past 1 00, 000

10

13

15

16

20

21

'22

23

25

years or more (Testimony at 2,3).
17. The principal structural feature in California

is the San Andreas fault, which extends about 800 miles from

Cape Mendocino to the Gulf of California. It is the boundary

between two major plates of the earth's crust, the North

American Plate and the Pacific Plate, and the cumulative

slip along this break over the past twenty-two million years

amounts to about 190 miles (Testimony at 3,5). The great,

bulk of interplate movement between these plates has occurred

along the San Andreas Fault (Tr. 4876). Movement along this
fault over the past twenty-two million years has been pre-
dominately strike-slip or horizontal (Testimony at 6).

18. Tectonic activity in the area is predominantly
concentrated along the San Andreas Fault. In the

main'outhern

part of the Coast Ranges province, no other faults
show evidence of more than minor seismic activity during
Holocene time (the last 10,000 years). The same is generally

-19-
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true of the adjacent offshore region where both the sea

floor and. the unconformity at the base of the Post-Wisconsinan
I

sea floor deposits provide useful datum surfaces for gauging

Holocene deformation down to about 350 feet of depth

(Testimony at 18).

19. The Southern Coast Ranges tectonic province

is characterized by faults with northwesterly trends and

typically right.-lateral or high-angle senses of movement.

The larger faults, which may be regarded as second-order

features relative to the San Andreas, are 50 to 100 miles

long. Most; of the larger faults have records of historic
seismicity with a range from small shocks up to earthguakes

of about 6.0 magnitude, but expressions of Holocene surface

displacements are characteristically lacking.

20. The geologic relationships at the Diablo

Canyon site have been studied extensively in terms of both

local and regional stratigraphy and structure, with an

emphasis on relationships that could aid in dating the

youngest tectonic activity in the area. Geologic conditions

that could affect the design, construction, and performance

of various components of the plant installation also were

identified and evaluated. The investigation included

extensive mapping and trenching (Testimony at 90-95).

21. An excellent brief description of geological
and seismological investigation, the discovery of the Hosgri

fault, and the additional seismic design criteria established

-20-





10

13

15

16

by the NRC Staff for the Hosgri reanalysis is set forth in

the-testimony of Richard V. Bettinger, applicant's Chiei

Civil Engineer (Testimony 1-16 following Tr. 6454).

(i) The hos ri Fault

22. The Hosgri fault zone is present. in the area

offshore from the coast of south-central California, where

it;.extends for a distance of about, 90 miles (145 kilometers)

between end points near Purisima Point on the south and near

Cape San Nartin on the north (Testimony at 106; Tr. 4418,

4859). It is a part, of the San Gregorio-San Simeon-Hosgri

fault system (Tr. 4645). The fault zone is part of the

Coastal Boundary zone, which is a boundary feature betwe<'n

the uplift of the Southern Coast ranges and the structural

depression of the adjacent offshore Santa Naria and Sur

Basins (Testimony at 107). The Hosgri fault'underlies the

sea floor at, water depths ranging from 150 to 500 feet. The

17

20

22

23

25

26

generally featureless character of the sea floor along the

Hosgri fault trace precludes the possibility of either

large-scale or recurrent surface offsets along it. during the

last 10,000 to 17,000 years (Testimony at 108; Tr. 5333,

5335). The principal sense of movement. along this fauli is
strike-slip, although it has a dip-slip component, and both

probably are significant (Tr. '5315). It is not the'ind of

fault upon which one would expect a great earthquake, because

it is too small and what can be observed of it does not

indicate a past occurrence of major cumulative slip, at

-21-
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least during the last five million years (Tr. 5315). Perhaps

most important, its current role in the regional tectonic

situation is such that i't is not a major feature. The

differential drift between the two principal- plates involved

in the area (Pacific and North American) is about six centi-

meters a year, most of which can be accounted for by movement

along the San Andreas and Rinconada Faults, leaving very

little for other faults (Tr. 5315, 5316).

23. The Hosgri Fault has dimensions that equal

those of some second-order faults; however, no record of its
behavior during early and middle Pleistocene time (10,000 to

2-1/2 million years before present) remains owing to succes-

sive episodes of marine planation of the rocks within which

it is developed. Consequently, it has not been possible to,
determine whether it should be regarded as a small second-

order or a large third-order fault (Testimony at 20,21;

Tr. 4422, 4423, 4646). However, there is enough evidence of
late-Pleistocene (the last 500,000 years) movement to conclude

it is prudent to consider the Hosgri to be a capable fault
(Tr. 4437). The amount of movement which has occurred on

P

the Hosgri during this period is very small, measured in
feet rather than tens or hundreds of feet (Tr. 4438). The

geologically recent behavior of the Hosgri coupled with its
general position in the tectonic framework is such that Dr.

Jahns would not attach to the fault a high capability for
///

~22





generating a large (magnitude 6.5 or greater) earthquake

(Tr. 4441, 4442).
C.

24. The U.S. Geological Survey (USGS) concluded

in 1973 that the Hv~gri fault probably is seismically capabl'e.

The USGS further concluded that the"7.3 magnitude Lompoc or

Pt. Arguello earthquake of 1927 could have originated along

the southerly part of the Hosgri fault. This conclusion

was the principal factor in the Survey's postulation

of a 7.5 magnitude earthquake on the Hosgri fault as the

10 basis for the design of the plant (Testimony at 109). Other

work (see Findings 51 and 57 following) has lead to the

conclusion that the .1927 earthquake did not occur on the

] 3 Hosgri fault but instead probably originated on a currently

14

15

16

18

20

21

22

23

25

26

active fault southwest of the Hosgri (Hamilton Testimony

at 110; Smith Testimony at 22-26; Hofmann Testimony at 2, 3;

Joint Intervenors'J.I.) Ex. 47; PGandE Ex. 45; Tr. 5483,

5959 8313 8314).

25. Considerations that appear to limit the

amount of possible lateral slip along the Hosgri fault
include the following:

(a) The fault is not through-going, in the sense of
connecting with other faults in a way that would

permit transmission of tens of kilometers of
lateral offset.

(b) The stratigraphic section penetrated by an oil
well, known as the Oceano Well, located west of

-23-
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the fault is similar to the stratigraphic section

of the adjacent region east of the fault. Further,

it is unlike the section with which it should

correlate if many tens of kilomeLers of right slip
had occurred along the Hosgri fault. The similarity
of sections between the offshore well and the

adjacent onshore region appears to limit possible

lateral slip to a maximum of about 20 kilometers,

although it actually could have been much less.

(c) The existence of a wider, more complex pattern of

faulting in the Hosgri zone directly opposite the

Point San Kuis structural high but not opposite

Estero Bay further north along the strike strongly

suggests that lateral slip in that region has not

exceeded a few kilometers, at least over the last .

five million years (Testimony at 118, 119;

Tr. 4930-4936, 4946, 4947, 4952-4954, 4957-4959).

26. Since the Hosgri fault lies under water for
its entire length, exploration of this fault has been accom-

plished chiefly through use of various geophysical techniques.

Methods that have been employed include several types of
seismic or acoustic reflection profiling systems, as well as

mapping of the earth's gravity and'agnetic fields in the

region traversed by the fault. Maps showing some of the

regional and local geophysical survey track lines were

included in the Hamilton-Jahns testimony as was a





3

10

12

13

15

16

17

18

19

20

* 21

22

23

description of the various techniques that, have been applied

in exploration of the fault (Testimony at ill). Briefly,
the seismic data is of three basic ki:nds: shallow sub-bottom

profiling, which affords the highest resolution; standard

single channel sparker data; and common depth point data,

which provides the deep penetration (Tr. 4578-4593, 4599-4602,

4605-4618). PGandE's consultants reviewed some 9,000 miles

of lines of profiles in the offshore area of the Hosgri

fault zone (Tr. 544).

27. The main or central reach of the Hosgri fault
extends over a distance of about 60 miles, between the

approximate latitudes of Point Sal on the south and Cambria

on the north. Beyond this reach the fault extends about ten

miles farther south and about 20 miles farther north to give

a total length'of about 90 miles. The evidence indicates

that movement along the fault has involved right-oblique

slip (i.e., slip having components of vertical and right-
lateral strike-slip movement). The existence of an

undisturbed sea-floor across the fault at most points near

Estero Bay precludes any possible Holocene (up to 10,000

years ago) rupture along the north-central reach of the

fault from exceeding a few thousand feet in length (Testimony

at 115-120).

24

25

26
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28. The Hosgri fault zone can be traced for about

30 miles north of Estero Bay where it lies en echelon with

the San Simeon fault (Tr. 4871-4873). The following evidence

indicates that the two faults are not connected:

(a) Seismic reflection lines that cross the Hosgri

fault between Point Estero and Point San Simeon do

not show any major branches of the Hosgri extending

toward the projected southerly extension of the

San Simeon fault.

10

13

15

16

(b) These reflection lines show that the contact

between late Tertiary (2.5 million to 16 million

years ago) rocks and basement rocks that approxi-

mately parallels the shore line between Point

Estero and Point San Simeon is not displaced as .it.

should be if offset by major vertical or lateral
faulting.

17

18

(c) A shale that lies along the southwest side of the

San Simeon fault at San Simeon Point can be traced

20

21

22

23

24

25

to the southeast indicating the San Simeon fault
does not veer toward the Hosgri in that reach.

(d) The splay faults that branch westward from the San

Simeon fault north of San Simeon Point form a

distinctive structural pattern. These faults may

very well extend to the northernmost part of the

Hosgri fault but their orientation precludes

26
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significant transference of strain between the

major parts of the two faults.

(e) The Hosgri fault dies out north of the Point

Piedras "'ncas. It does not veer toward the San

Simeon fault but instead gradually dies out along

a trend that is subparallel to that of the San

Simeon fault.
(f) Additional evidence regarding the possibility of a

link between the two faults is provided by the

aeromagnetic map of the Point Estero-San Simeon

region, which indicates that a block of basement

rocks extends unbroken between the Hosgri and the

San Simeon faults in the area that would contain

any linking break that could permit, through-going

transfer of slip from one fault to the other. The

magnetic anomaly pattern indicates that no such

break exists, and reinforces the conclusion that
the Hosgri and San Simeon faults are distinct,
unconnected breaks (Testimony at 120-123; Tr. 4422,

4923-4926).

29. From about the latitude of Point Sal southward

the Hosgri fault progressively loses definition as a separate

major break and dies out within a zone of complex folding

that generally characterizes this region. This interpretation
is supported by the original Shell Oil Company map of the

fault published by Hoskins and Griffiths and the most recent
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USGS map (Testimony at 123-125; PGandE Ex. 45, p. 14; Tr.

4874, 4875).

30.'s noted earlier the Hosgri fault forms the

southerly part of the Coastal Boundary zone of features and

faults that lie between the uplift of the Southern Coast

Ranges and the structural depression of the offshore basins.
H

Because of its location at the south end of the Coast Ranges,

its southern most end extends into the region of transition
from the Coast Ranges to the Transverse Ranges structure.

This area, referred to as the Transition Zone by witnesses

Hamilton, and Jahns, is one of active compression and is the

area in the vicinity of which large earthquakes are more

likely to occur than in the Coast Ranges region (Tr.,4660,

4661, 4666, 4736). In other words, the Hosgri. Fault Zone is
to be contrasted, in terms of tectonic setting, in earthquake

capabilities with the Transition Zone (Tr. 4419). The

overall structural relationships of the Hosgri can be

generalized into three regions, each characterized by a

particular set of relationships. "these are first the northerly
k

region where strain is transferred-across the Piedras Blancas

antiform between the Hosgri fault and the next major member

of the Coastal Boundary zone to the north, the San Simeon

fault. Second, the. central region where west-northwesterly

trending folds and faults in the uplifted ground east of the

Hosgri are detached across it from north-northwesterly folds

in the downdropped basin on its west side. Tastly, is the

-28-





southerly zone where the Hosgri enters and dies within the

region of merging between the Southern Coast Ranges and the

Western Transverse Ranges (Testimony at 125-128).

31. As stated previously, the entire length of

the Hosgri fault zone has been surveyed by intermediate and

high-resolution systems. The results of this exploration

show that both the sea-floor and the wave-cut rock surface

10
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beneath the post-Wisconsinan (17,000 years ago and younger)

surficial deposits are unbroken along most survey lines

south of San Luis Obispo Bay. A recent survey commissioned

by and conducted for the USGS by Fugro Inc. (PGandE Ex. 45)

shows offset of the base of the post-Wisconsinian deposits

along a short reach of the Hosgri fault south of Pt. Sal,

but concludes that the fault probably terminates 'about the

latitude of Purisima Point. From San Luis Obispo Bay

northward to Estero Bay, the Hosgri extends across an area

of submerged marine terrace steps in the sea-floor. Some of
the steps are cut into unfaulted ground, thus demonstrating

they were formed independently of any faulting. At, some

places, however, the terrace steps are essentially coincident

with well-defined fault breaks'n the underlying rock section.

These locations represent uncertainties as to whether some

vertical fault offset may be involved in addition to the

erosionally developed topographic relief. The fact that no

similar topographic steps exist along the fault at points
north and south of the area of submerged teiraces strongly
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suggests that the teirace steps are wholly erosional in

origin. In the absence of proof to the contrary, however,

it must be considered possible that some late Pleistocene or

Holocene (i.e., up to about 17,000 years ago) vertical
displacements may exist for short distances along some

strands of this reach of the Hosgri zone. Opposite Point

Buchon, a high-resolution profile indicates a step in the

sea-floor over the seaward trace of the Hosgri fault. This

step is considered to have significant probability of being

a young fault scarp. It is between one and two meters in

height, but no such feature can be detected in high-resolution

profiles located at distances of 1,000,feet to the north and

south across the Hosgri trace (Testimony at 128-131; Tr. 4688,

4689-4693, 4809-4810, 4816-4818, 4822-4832, 4836-4837,

4839). The USGS data indicate three such offsets in the

ocean floor (Tr. 8264, 8265).

32. Joint Intervenors presented two witnesses,

Drs. Stephan A. Graham and Eli A. Silver, who offered

'eological testimony concerning tive .length of an assumed

continuous San Gregorio-San Simeon-Hosgri Fault, the amount

of right lateral slip which occurred on the fault, and the

maximum size of the'earthquake to be expected on such a

feature. The testimony was received in evidence as J.I.
Exhibits 48 (Graham) and 49 (Silver).

33. Briefly, Dr. Graham theorizes that between

five and fifteen million years ago the Hosgri-San Gregorio
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Fault syst: em was a continuous feature, a key element of the
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plato boundary between the Pacific and North American plates,

along which right lateral strike-slip movement of about 115

kilometers occurre'Tr. 6196-6198, 6364). This thesis,

which is only a theory based upon limited field work (Tr.

6233), depends upon the matching of seven pairs of geological

features on the easter» and western sides of the fault.
These features include the following: Fort Ross-Pilarcitos;

Pt. Reyes-Ben Lomond Mt.; Pescadero-Ano Neuvo-Santa Lucia;

Pigeon Pt.-Santa Lucia gravity magnetic data (Eli Silver

datum); Big Sur-Miocene Sandstone; Big Sur-Cambria; and Pt.
I

Sal-San Simeon (Clarence Hall datum) (Tr. 6172-6196).

However, Mr. Hamilton effectively challenged each of the

seven sets of points developed or utilized by Dr. Graham,

showing, a's a result of extensive field work, that, the

alleged matching pairs of features in fact simply do not

match (Tr. 5166-5197). Furthermore, Mr. Hamilton presented

convincing testimony limiting slip on the Hosgri Fault over

the last 20 million years to a maximum of twenty kilometers,
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and probably more on the order of one-half that, and on the

San Gregorio Fault to about ten kilometers,(Tr. 4978, 4980).

This evidence consisted of stratigraphic and also geomorphic

evidence (Tr. 4981-5046). On cross-examination, it, was made

clear that Dr. Graham was expressing no opinion as to the

present continuity of the San Gregorio-Hosgri Fault

System, the current. rate of slip of any of those faults,





10

12

13

14

15

16

17

18

19

20

21

22

23

25

26

activity or movement on those faults in the past 17,000

years or five million years, and the capability of the

Hosgri Fault today (Tr. 6363, 6364).

34. Accordingly, the Board concludes that the
I

theory advanced by Dr. Graham has been refuted by the evidence

developed by Mr. Hamilton, and that the amount of slip that
'as occurred on the San Gregorio-Hosgri Fault system is

on'he

order of ten to twenty kilometers during the last sixteen

million years.

35. Joint Intervenors presented as a rebuttal

witness Dr. Clarence A. Hall, Jr., whose theory as to the

amount of strike-slip movement on the Hosgri Fault was

discussed by PGandE witnesses (Hall Testimony Tr. 9466-9696;

Hamilton-Jahns Testimony at 109). Hall repeated his theory

that there has been about 80 kilometers of strike-slip
motion along the Hosgri-San Simeon Fault system over the

past nine million years or so. This theory is based largely
on matching pairs of rocks found at San Simeon and at Point

Sal (Tr. 9482) and on dissimilarities in rocks on opposite

sides of the Hosgri Fault at those locations (Tr. 9511 A).

He testified that the Hosgri and San Simeon Faults join at

depth (Tr. 9530) and, in fact, he postulates a continuous

fault beginning with the San Andreas north of San Francisco

connected to the San Gregorio, San Simeon, down through the

Hosgri and an extension of the Hosgri on land to the Eompoc-

Solvang Fault to the Santa, Ynez and finally to the San
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Gabriel near San Bernardino (Tr. 9538-9539, 9639-9641) to an

unknown termination (Tr. 9669). Hall supported his supposed

landfall of the Hosgri Fault by reference to an abstract of
the Fugro Report (PGandE Ex. 45; Tr. 9534). However, an

examination of the full report indicated the contrary conclu-

sion; the Hosgri. terminates at a point offshore of
Pt. Purisima (Tr. 9681-9686).

36. In developing his theory of the amount of
strike-slip movement on the Hosgri Fault, Dr. Hall contended

that all significant strike-slip movement occurred after the

formation of the Santa Maria pull-apart. basin (Tr. 9619).

In response to a question on cross-examination, Hall stated
h 1

that the relevance of his pull-apart theory to his theory as

to the amount of strike-slip movement on the Hosgri was only

historical in nature (Tr. 9693, 9694). He admitted he had

no opinion as to the rate of movement on the Hosgri Fault

over the last 17,000 years and no opinion regarding the

earthquake capability of the Hosgri Fault (Tr. 9695, 9696).

In any event, it appeared that the USGS had taken Hall'
theory of movement into account in recommending a maximum

7.5'magnitude earthquake on the Hosgri Fault, and whether

Hall is late'r proved to be correct or incorrect would not,

therefore, alter the USGS judgment as to the earthquake

potential of the region affecting the site (SER Supp. 4,

Appendix C., pp. C-7, C-8; Tr. 9795). Earlier, Dr. Jahns

and Messrs. Hamilton and Willingham expressed essentially
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the, same opinion that even if the Hall theory turned out to

be correct it would not make any difference (Tr. 5388,

5389).
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37. Intervenors also presented Dr. Steven A.

Graham as a rebuttal witness (Tr. 9722-9792). He took issue

with Mr. Hamilton's correlations showing lack of strike-slip
movement on the San Gregorio Fault and attempted to rebut

Mr. Hamilton s criticisms of his seven matching pairs of
features (Tr. 9726-9750, 9751-9764). In'rebuttal to

Dr. Graham, Messrs. Hamilton and Willingham convincingly

reaffirmed the existence of the constraints they found to a

large amount of movement on the San Gregorio Fault

(Tr. 9958-9988; PGandE Exs. 46-50) and showed that the seven

pairs of features relied upon by Dr. Graham to support his,

theory were, in fact, not uniquely correlative (Tr. 9989-10,003,

10,020-10,030; PGandE Exs. 51-58). Further evidence in
conflict with Drs. Graham and Hall's .theory was contained in
the report prepared by USGS geologist Victor M. Seiders

which was introduced as Joint Intervenor's Ex. 110 (Tr. 9580).

Mr. Seiders concludes that at most the evidence supports a
I

maximum of about 35 kilometers of offset„on the Hosgri Fault
(Tr. 10,005). The final point addressed by Mr. Hamilton was

II

directed to Dr. Silver's argument that the Hosgri and San

Gregorio Faults are connected. He testified that certain
aeromagnetic studies, of the area generally thought to be the

location of any possible connection between the two faults





'howed that in fact the two faults are separated by an

intact mass of Franciscan bedrock that has several
kilometers'0
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width (Tr. 10,017-10,020).

38. PGandE's concluding rebuttal witness 'on

geology was Dr. Richard H. Jahns. He directed his testimony

to Dr. Hall's theory and showed that his theory was physically

and geologically impossible.'riefly, Dr. Hall testified
that the pull apart basin in the general area of the curved

breaks at the north end of the Transverse Ranges was created

nearly thirteen million years ago, and that all the postulated

movement on the Hosgri Fault occurred within the last five
million years. However, there simply is no way to accommodate

the 80 kilometers of movement on the Hosgri Fault, no way to

account for it, and thus Dr. Hall's theory fails (Tr. 10,031-

10,079). Additionally, there exists today a pie-shaped

piece of land between the Zompoc-Solvang fault and the

Hosgri fault (immediately above X'n PGandE's Ex. 43) that,
according to Dr. Hall (Tr. 9668) came from an area east of
Buellton during the past 5 million years. Dr. Jahn has

stated that such a movement 'would necessitate that land

moving across the Hosgri fault, a geologic and physical

impossibility (Tr. 10,037, 10038).

39. The Staff's witness on this contention was

Dr. J. Carl Stepp. He recited the Staff conclusions at the

construction permit stages, and the extensive amount of new

data developed by PGandE and others at the request of the
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Staff following discovery of the Hosgri Fault. Based upon a

review of this .data, he testified that the Staff concluded

that PGandE had conducted an adequate investigation of the

Hosgri fault. which, when combined with dat~ developed by

others
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provides a basis for making a
reasonable and conservative interpreta-
tion as to the length of the Hosgri
Fault zone, its relationship to other
regional tectonic structures, and the
nature, amounts, and geologic history of
displacements on the fault [Stepp Testi-
mony following Tr. 8484 at l-ll].

He stated that the staff also concluded that the Hosgri

'ault does not appear to be directly linked to the San

Simeon, and that the Hosgri has experienced str'ike-slip
movement of at most only a few kilometers (Testimony

at 11-23).

40. Accordingly, after considering all of the

evidence, the Board concludes that PGandE has conducted an

adequate investigation of the Hosgri Fault, that it is a

feature about 145 kilometers in length ending in the north

about thirty miles north of Estero Bay near Pt. Piedras

~ Blancas, where it lies en echelon but not connected with the

San Simeon Fault, in the south it dies out southward of
Point Sal near Purisima Point within a'zone of complex

folding, and that the fault has experienced right lateral
strike-slip motion of at most 20 kilometers over the last
20 million years.
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B. The Hos ri Fault Earth uake Potential

Contention
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(2) A 7.5 magnitude earthquake is not
an appropriate value for the safe
shutdown earth uake.

41. PGandE's witnesses on seismology were Drs.

Bruce A. Bolt, Gerald Frazier, and Stewart W. Smith. Drs.

Bolt and Frazier adopted the testimony prepared by Dr. Smith

(Tr. 5447, 5448). He testified that the seismic analysis
I

done at the construction permit phase 'of the proceeding

provided a number of conservatisms which could be relaxed in
light of present day knowledge and da'ta, and that „use of a

magnitude 7.5 earthquake on the Hosgri Fault.'n the reanalysis

of the plant is grossly conservative (Testimony following

Tr. 5490 at 1-6; Tr. 5692).

42. Dr. Smith testified that in order to assess

the earthquake potential of a fault one should take into
account amount of slip, type of faulting and proximity of
plate boundaries. Efforts to establish continuity in order

to determine the total length of a fault system are not very

useful if the primary intent is to establish the potential
J

for future earthquakes (Tr. 5676, 5688, 5689). However, the

amount of fault slip that has taken place over recent geologic

time appears to be quite a direct measure of the amount of
earthquake activity that 'has occurred (Tr. 5691). If, for
example, a fault has had kilometers of slip it must have had,
a substantial length during the time that slip accumulated.
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This would be true irrespective of whether the geologic data

is adequate to show continuity of a single fault trace

(Testimony at 6-8).

43. Dr. 'mith stated that it is also important to

consider the time frame within which the fault slip has

taken place. The existence of a fault slip many millions of

years ago may have little or no relevance to the present day

seismic potential of that fault. The last 20,000 and particu-

g larly the last 17,000 years is an appropriately conservative

10

12

interval on which to base an assessment of fault activity
(Testimony at 8-9; Tr. 5549, 5824-5829).

44. Dr. Smith testified one should ask what the

13 tectonic framework can tell about stress conditions on the

14
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fault in question. This is important because stress condi-

tions are more likely to control a ground motion parameter,

such as peak acceleration, than is earthquake magnitude.

Regions undergoing normal faulting, a situation characterized

by horizontal tension, typically produce lower stress earth-

1g quakes than those associated with thrust faulting, in which
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horizontal compression is dominant. Strike-slip faulting is
likely to be intermediate between these two extremes. In

addition to the local style of faulting, the proximity of
the region to major plate boundaries is important in
assessing what the stress conditions are likely to be.

Thus, faults closest to the main break of the San Andreas

appear to have the largest amount of late Quaternary (up to
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two and one-half million years ago) displacement, while

those such as the Hosgri have progressively less displacement

the further removed they are from the San Andreas Fault, the

present. plate boundary (Testimony at 9-11; Tr. 5829, 5830,

5833, 5834, 5839).

45. Applying these principles to the Hosgri fault

provides the following:
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(a)

(b)

Slip history of the Hosgri fault during the late

Quaternary period is only several meters, indi-

cating that during this time it was not operating

as part of a long fault system.

Focal mechanisms and geologic data show that

deformation changes from right lateral shear on

the San Andreas to normal faulting in the offshore

Santa Maria Basin. The local stress conditions

for the Hosgri would thus be expected to be inter-
mediate'etween normal faulting and strike-slip
faulting -- that is, significantly less than those

expected for compressional regimes.
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(c) The Hosgri,. some 80 kilometers from the San Andreas,

is much less affected by the stress field from

this plate boundary than those faults which are

closer to or intersect the San Andreas, and thus

the stress levels and earthguake potential are

correspondingly less on the Hosgri (Testimony

at 11).
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46. The Southern Coast Range Province in which

Diablo Canyon is located is an area of low-to-moderate

seismicity. Major activity is'entered on the San Andreas

fault about 80 kilometers to the east, and in the Transverse

Range Province about the same distance to the south. As

explained by Dr. Smith, his approach has been to assume that
J

all the recognized faults in the Southern Coast Range Province

are seismically capable, and that their potential activity
in the future can be best estimated by examining their

10 geologic record of slip in the past. Available evidence

points toward a gradual transition from the right-lateral

12
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shear environment near the San Andreas fault to a tensional

environment in the offshore on the Santa Lucia Bank fault.
If the offshore region is one of transition to a tensional

rather than a compressional regime, this would significantly
reduce the potentia1 for high-stress, high-peak-acceleration

earthquakes on the Hosgri or other nearby faults (Testimony

at 14-16).

47. As stated earlier, .Dr. Smith examined both

20 the seismic and geologic history of the region and concluded

21

22

~ 23

24

that to assure a very conservative estimate of future'- seismic

potential the emphasis should be placed on the geologi;c

record particularly over the last approximately 17,000 years

(Tr. 5549). However, recent developments in the use of

///
///
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seismic moment +1 make it possible to directly assess the

present day seismicity in terms of slip rates and thus test

3 the idea of whether or not the current rate of earthquake

activity is consistent with the geologic record of fault

slip (Testimony at 16, 17; Tr. 5531, 5547).

10
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13

48. The first approach to relating seismic history

to fault slip through seismic moment was done by examining

the average seismicity during the last half century in the

Southern Coast Range Province excluding both the San Andreas

and the Transverse Ranges. The result shows the usual type

of size distribution for California earthquakes, and dis-

tributing these earthquakes over the four principal northwest

trending fault zones (Hosgri, Rinconada, Nacimiento, and

14 , Santa Lucia Bank) permits one to calculate a return period

15

16

17

for earthquakes of a specified magnitude on each fault zone.

Thereafter, the postulated seismic activity can be converted

into an estimate of fault. slip by means of the seismic

18
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+1 During the past decade seismic moment. has come into
common use in seismology as an effective means to
characterize the size of an earthquake. The type of
dislocation 'aused by an earthquake in an elastic
medium can be representated mathematically in t rms of
its equivalent force system -- that is the pair of
forces that would have to be applied to produce the
same elastic displacements throughout the medium. The
moment of these forces turns out to be simply the prod-
uct of the average slip, the fault area, and the
rigidity of the surrounding rocks. Seismic moment can
also be related empirically to earthquake magnitude,
thus making the link to relate geologically observable
quantities to seismological data (Testimony at 17;
Tr. 5532, 5781, 5782).
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moment. Each'of the four faults woul'd have to be assumed to
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span the entire region sampled, thus making them about

200 kilometers long. A rough calculation shows that one

magnitude 6.5 earthc{uake every 700 year's along a 200 kilometer

fault will lead to a net slip of about 1.5 meter's over the

past 17,000 years (Tr. 5700). Since observations of surface

faulting show the slip locally may exceed two'r three times

the average slip, one would expect to see, locally at least,

slip of several meters from this postulated level of seismic

activity. This is in fact what has been observed in the

seismic profiles across the Hosgri, leading to the conclusion

that this level of seismicity, up to magnitude about 6.5, is
likely to represent the maximum that has occurred here

(Tr. 5801). Similar calculations assuming a magnitude 7

lead to a total average slip during the past 17,000 years of
about three meters. From this one 'could expect to see slip
locally exceeding two or three times this amount. Fault

slip on the Hosgri, if there were to be any, would have

roughly comparable components of vertical and horizontal
motion (Tr. 5550, 5551, 5553-5555, 5559). It is unlikely
that large amounts of horizontal slip could have occurred on

the Hosgri without their having been recognized in the data

available (Tr. 5574, 5575, 5586, 5587). Since fault slip of
this magnitude would have produced a more significant and

pervasive record of sea-floor disturbance along the Hosgri,

even if it were primarily horizontal in direction, it can be
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concluded that earthquakes of this size cannot have been

characteristic of this region during .the last 17,000 years

(Testimony at 18-20; Tr. 5520, 5521, 5533-5546, 5548, 5549,

5560). In other words, there have not, been recurrent earth-

quakes above 6.5 magnitude on the Hosgri in the past 17,000

years (Testimony at 29).

49. In an effort to further test these ideas
and'xamine

the sensitivity of the result to the size of the

region over which seismicity was sampled, the analysis was

extended to include the entire plate boundary region from

Cape Mendocino to Baja California. After apportioning the

seismic activity in the region between the San Andreas and

the various secondary faults which parallel it, about 5% of
the San Andreas activity is found on the Hosgri. Th'is leads

to an average return period for a magnitude 6.5 earthquake

on the section of the Hosgri adjacent to Diablo Canyon of
about 1,000 years, which is consistent with the earlier
result (Testimony at. 20-21; Tr. 5570, 5810, 5811).

50. To further check the consistency of this
approach it can be applied directly to the San Andreas where

~ a good deal more is known about the history of slip. One

commentator (Sich) has estimated recurrence rates of great
earthquakes on the San Andreas from which slip rates may be

inferred of from 3.7 to 6.0 centimeters per year. Using the

last half century of instrumental data on earthquake occur-

rences, predicted earthquakes produce a slip rate of only
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2 centimeters per year.. Thus, the sample of seismicity
during the last 45 years appears to underestimate the plate
boundary motion by a factor of about 2. This type of agree-
ment is considered satisfactory considering that a significant
part of the plate motion may take place as creep, or that
the period of time sampled was not as seismically active as

the average. In either case, the inference drawn regarding
the Hosgri would err on the side of conservatism (Testimony
at 20-22; Tr. 5756; 5769, 5770).

51. Dr. Smith also presented the evidence on

which he bases his belief that the Lompoc or Pt. Arguello
1927 earthquake did not occur on the Hosgri fault. Pre-

liminarily, Dr. Smith listed the most severe effects resulting
from this earthguake arid noted that; even if the earthquake

'ad been on the Hosgri adjacent to the site it would pose no

ground motion problem more severe than those considered in
the original design of the plant. Briefly, the evidence

'IDr. Smith brings to bear concerning the location of the 1927

earthguake is as follows:
20
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(a) The type of data used to locate the event in the
study upon which USGS relied in arriving at its
conclusion that the event may have occurred on the
Hosgri (arrival times of seismic waves at distant
recording stations) was unreliable.

(b) Interval times between shear and compressional
waves for aftershocks provide more reliable data,.
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(c) Intensity data. The pattern of lines of roughly

equivalent earthquake damage would put the earth-

quake directly offshore from Point Arguello.
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(d) Sea-floor topography. There are no sea-floor

offsets along the Hosgri that appear as if they
'I

could have been associated with this earthquake.

When taken together, Smith believes that this evidence

points convincingly toward the Lompoc structure as the

source of the 1927 earthquake (Testimony at 22-25; Tr. 5483,

5484, 5635-5645). Dr. Jahns and Mr. Hamilton also 'believe

that the 1927 earthquake occurred on the Iompoc rather than

the Hosgri Fault (Tr. 5319, 5483, 5484). The Fugro report

done for the USGS-in late 1978~ (PGandE Exh. 45) concludes

th t th 'd d s not fav 1927r speculations that the

-.red on the Hosgri fault.Point Arguello earthquake occu

an effort is made to assess the'physical processes that have

produced existing strong motion records and extrapolate to
the Hosgri fault, or from a statistical approach where raw

peak accelerations are simply averaged, the conclusion is
that a peak instrumental ground acceleration of 1.15g at the

site for a large earthquake'n the Hosgri is a conservative

estimate (Tr. 5845). Dr. Bolt added that he thought the

value was both "very conservative" and "extremely

52. Finally, in tes>;ifying as to the use of a

peak instrumental acceleration» of 1.15g at the site, Dr. Smith

pointed out that from either a deterministic approach, where
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conservative" (Tr. 5846-5840). He testified that he would

use values of 0.6g to 0.8g rather than those in USGS Circular

672 (Tr. 5876-5880). Dr. Smith uses the term "large earth-

quake" because peak inotion in the near field is essentially

independent of magnitude but rather is controlled by local

stresses (Testimony at 26-28; Tr. 5889, 5890, 5895-5897).

53. Joint Intervenors'itness Silver testified
that in his opinion the Hosgri-San Gregorio Fault Syst: em was

a continuous fault zone extending at least 400 kilometers

from near Bolinas to south of Point Sal. Using a formula

developed by Dr. Smith and filed as part of the FSAR, Silver

computed a possible maximum earthquake on the Hosgri Fault

of magnitude 8.25, a much higher number than that produced

by Dr. Smith. This'arose from the use of higher'nput
numbers in the formula, namely the 400 kilometer fault

I

length, a rate of slip of 1.6 centimeters per year and a

time span of only 1000 years. The witness emphasized that
the. result was a maximum, an "outer expected magnitude" (Tr.

6203-6224, 6434, 6435, J.I. Ex. 49). Using a different
method and again assuming the fault broke over-its ent'ire

length of 400 kilometers, he calculated a maximum earthquake

of magnitude 8 (J.I. Ex. 49; Tr. 6203-6224). On cross-

examination, Dr. Silver acknowledged.,that a recent gravity
map introduced some uncertainties in his theory of large

offset along the San Gregorio Fault at a point suggested by

Silver and constituting one of the seven matching points
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relied upon by Graham (Tr. 6250-6259). In addition, substan-

tial errors in plotting offshore data collected by Silver
were uncovered (Tr. 6264-6297). Further, Dr. Silver admitted

that he was not aware of any earthquake fault, zone that had

ever ruptured over its entire length during a single event

and that "generally" this does not occur (Tr. 6354, 6442,

6453). A later USGS witness agreed (Tr. 8335). Mr.. Hamilton

previously testified that it, would be conservative to assume

that one-half of the total length of 'a fault will experience

rupture during an earthquake (Tr. 4877). With regard to

using Dr. Smith's formula, Dr. Silver conceded that several

of the numbers he (Silver) used were arbitrary, that the

amount of slip he used was based on interpretive measurements

taken at one location on the San Gregorio Fault and was not
necessarily applicable to the Hosgri Fault, although he

applied the rate to his full assumed length of the fault,
that a later study of the same area on the San Gregorio

fault showed no slip at, all over a 16-year period, and that
he did not know whether in his formula Dr. Smith used fault

20
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zones or faults. Finally, Dr. Silver was unable to state
within a reasonable degree of geologic certainty that an

earthquake as large as a 6.5 magnitude had or would ever

occur on the Hosgri fault (Tr. 6333, 6344, 6437-6442, 6447-

6453) . Earlier, Dr. Smith testified why he found his formula
too conservative and thus avoided using it for his testimony

26 (Tr. 5776, 5777, 5781-5783).
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54. Dr. Nihailo Trifunac, called by Joint

Intervenors as a witness, does not believe a 7.5 magnitude
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earthquake is appropriate for the Hosgri. He believes a 6.5

magnitude is more appropriate (Tr. 8971).

55. At the'conclusion of his testimony, the Board

asked Dr. Smith and the other panel members how the Board"

could be confident that another Hosgri-type fault was not

''lurking offshore (Tr. 6030). Dr. Smith replied that. there

certainly are other offshore faults in the area but, that
none could be of such significance as to affect the conclu-

sions concerning the safety of the Diablo plant. This

follows from the fact that the original design parameters

established in 1967 were so conservative that the Hosgri or

any similar type structure are not large enough to take the

Diablo plant beyond the envelope of the limits proposed in

those days. It was also pointed out,that the rocks in
California are of a type that can only store up so much

energy and thus there is an upper limit. on the amount. of
~ earthquake energy which can be rel'eased. Also, the

tremendous amount of offshore data which has been gathered

has given a vastly improved general understanding of the
4

structures and location of offshore faults, at least as far
23
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as the distance on shore to the San Andreas. In other

words, there is no unexplored region in the offshore area of
interest, and the information available precludes the existence
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of any fault that could be as large as the Hosgri or as

influential in the plant design (Tr. 6026, 6030-6033).

56. Two representatives from the USGS, Nessrs.

James Devine and Francis NcKeown, appeared on behalf of the

Staff. They testified in support of the report they wrote

which was filed as Appendix C of Supplement 4 to SER. Among .

other things the report concludes that an earthquake similar

to the 1927 f.ompoc earthquake could occur anywhere along the

Hosgri Fault, that the Iiosgri, San Simeon, and San Gregorio

Faults are subsidiary faults within the San Andreas system,

such faults have not been demonstrated to be capable of

magnitude 8+ earthquakes, and USGS Circular 672 should be

used 'to form the basis of a description of an earthquake

postulated to have the potential for occurring on. the Hosgri

Fault (App. C, SER Supp. 4, pp. C-15, C-16). Although the

letter transmitting the report is dated April 29, 1976, the

witnesses testified that the report reflected their present

opinion, and if they were issuing the report today the

content would be essentially the s'arne (Tr. 8194). They also

testified that there was no disagreement, between various

.members of the USGS as to the conclusions in the report (Tr.

beginning at, 8218). In response to Board questions, they

testified th'at they would not expect an earthquake on one of
the faults of the Hosgri-San Simeon-San Gregorio Fault

Syst: em to cause an earthquake to occur on one of the other

faults in the system (Tr. 8334-8335), and they expressed





agreement with the earlier te timony 'of Nr. Hamilton and

others, and the Board agrees, that it is inconceivable that
fi

a fault more significant to the plant site than the Hosgri
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lies offshore waits.ng to be discovered (Tr. 8337, 8338).

57. Dr. Stepp, one of the Staff witnesses on this
contention, testified that the 1927 earthquake could have

occurred on the Hosgri but that, on balance, it probably was

associated with the Transverse Ranges structures and that,
in any event, it was very conservative to assume a 7.5 magni-

tude earthquake on the Hosgri fault. (Testimony at 12, 31,

32). The other Staff witness on this contention, Renner .B.

Hofmann, concluded that the 1927 Lompoc earthquake did not
occur on the Hosgri Fault (Tr. 8533-8535), and that the

assignment of a 7.5 magnitude earthquake to the Hosgri Fault
was extremely or ultra-conservative (Hofmann Testimony on

Contention 2 following Tr. 8522 at 1-5; Tr. 8539).

58. Accordingly, the Board'concludes that: a 7.5

magnitude earthquake is a conservative value for the safe

shutdown earthquake and that on the basis of the most credible
evidence the maximum earthquake to be reasonably expected on

the Hosgri will not. exceed 6.5 magnitude. However, a 7.5 mag-

nitude earthquake was used in the seismic. analysis by PGandE

and the Staff.
24

25

26

-50-





~ w
H

k

C. Peak Instrumental And Effective Acceleration

2

(3)

Contention

A 0.75g acceleration assigned to
the safe shutdown earthquake is not.
an appropriate value foi the maxi-
mum vibratory acceleration that.
could occur at the site.
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59. Assuming a magnitude 7.5 earthquake on the

Hosgri, a determination must be made as to the ground motion

that the facility will "see" or experience if such an earth-

quake should occur nearby the site. "Peak instrumental

acceleration" is the peak acceleration as measured by an

instrument, and the acceleration value that may be used in
developing the criteria for the analysis or design of a

plant is an "effective acceleration" (Blume Testimony at 2).
60. PGandE's primary earthquake structural engineer-

ing consultant was Dr. John A. Blume, who testified about

the criteria used to evaluate the Diablo Canyon plant for
the postulated Hosgri 7.5 magnitude earthquake and how those

criteria, including the response spectra, were developed.

In addition, PGandE called Drs. Bruce Bolt, Allin Cornell,
Gerald Frazier and H.'olton Seed to testify in this complex

but important area. Dr. Blume described the criteria used

at the construction permit stage of'he proceeding and the

revised criteria adopted shortly after the Hosgri fault was

discovered. These portions of his testimony indicated that
the original design of the plant was extremely conservative

(Testimony following Tr. 6100 at 1-15).
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61. The main portion of Dr. Blume's testimony

dealt with the earthquake criteria employed for the Hosgri

reanalysis. Bl'ume stated that the four items that applied
S

to the solution of this engineering problem were (1) theory
and analysis, (2) observation of what has occurred in actual
events and nature, (3) testing, and experimentation, and,

most importantly, (4) engineering judgment (Tr. 6476).

Dr. Nathan M. Newmark, the NRC Staff's chief consultant in
this area, testified that engineering design is an art, a

part of the art is involved in deciding what is important,
\

how important it is, what needs to be taken into account

specifically, what assumptions can be made to design around

uncertainties and, of course, to consider what can be done

economically, whether one should construct anything at all
under'er'tain circumstances, whether over-design really
provides safety or causes differences in other ways one does

not expect (Testimony, Reference B, p. 1).
62. Dr. Blume pointed out that the USGS recom-

mended that the NRC Staff postulate a 7.5 magnitude earthquake
on the Hosgri fault and consider ground motion for near-site
events, as set forth in USGS Circular 672, for derivation of
an effective engineering acceleration. Dr. Newmark proposed
that the peak instrumental acceleration of. 1.15g in Circular
672 for a 7.5 magnitude earthquake be assigned an effective
acceleration 0.75g for the purpose of developing response

spectra, with certain reductions for large foundations.
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63. Drs. Luco and Trifunac, two Intervenor sub-

poened ACRS consultants, both testified that they felt the
L

reduction from a 1.15g USGS Circular 672 peak instrumental

acceleration to an effective acceleration of .75g was not

warranted (Tr. 8877, 8971-72, 9137). However, Dr. Trifunac

stated he was satisfied with the use of .75g, because he

believes that the reasonable earthquake to use for the

Hosgri analysis is 6.5 magnitude (Tr. 8971, 8985, 9238).

Furthermore, Dr. Trifunac said the only thing he disagreed

with in terms of what Dr. Newmark did was the reduction of

17

18

19

20

21

22

23

25

26

.75g for tau (Tr. 9238). The Luco-Trifunac testimony was

contravened by a number. of PGandE and Staff witnesses for a

variety of reasons. Dr. Newmark testified that the authors

of USGS Circular 672 recognized the fact, that one had to
have a range of values on which to use judgment in any

practical design problem. The authors were very competent

seismologists, and intended this to be a very conservative

set of recommendations. It was not intended to bind the

engineer to a consideration only of the peaks. The USGS

stated specifically in the letter regarding the Diablo
~ Ca'nyon site that effective acceleration should be used in
the design, rather than any other value. There would have

been no point in making that kind of statement if they had

intended the peak value to be used, because it was quite
easy to refer to that peak (1.15g). They did not do so. He

further stated he was one of the persons responsible for
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developing the data leading to Reg. Guide 1.60 (Response

Spectrum) and that he had taken the point of view that the

peak recorded acceleration was the number to use in compar-

ing records. However, a correction is needed for earthquakes

that are close in, because it appears from the d'ata available

from earthquakes and high explosives that the effect of
foundation size is of importance, and the effect of wave

travel is also of importance very cl'ose to a source (ir. 8562-63).
I

64. Dr. Blume made clear that he believes that
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the 7.5 magnitude and .75g values are too conservative, and

that a 6.5 magnitude and. 0.5g effective ground acceleration

are more than adequate for the Hosgri .exposure (Testimony at
15-18). Forced to accept the 7.5 magnitude, however, he

feels that the effective acceleration would be .6g, not .75g

(Tr. 6495).

65. Dr. Seed testified that a .75g is conservative

(Tr. 10,103) and that. he would conclude that the actual mean

peak acceleration value for a 7.5 magnitude earthquake would

be about .6g and that a conservative value of the mean value

would be .7g. It is 'the mean value that is normally used in
establishing design criteria for nuclear power plants
(Tr. 10,106).

66. Dr. Frazier pointed out that .75g as a con-

servative value for anchoring the design spectra was arrived
at by many qualified individuals, including himself, by

using different but acceptable methods (Tr. 10,113-117).
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'.67. Finally, Dr.'olt stated that he could not.

accept a peak acceleration of 1.15g at a site close to a

7.5 magnitude earthquake, but would limit the extrapolation

of the peak to 0. 6 to 0. Sg within a range of,6. 5 to 8. 0

magnitudes (Tr. 5876-80).

68. Dr. Blume also discussed the probabilistic
aspects of peak ground acceleration. Based upon a number of

studies and analyses, Dr. Blume concluded that if a 7.5 magni-

tude earthquake is considered possible on the Hosgri fault,
a 1.15g instrumental acceleration would have an average

II

return period of about 100, 000 years. The e ffective acceler-

ation - .75g - associated with the 1.15g instrumental acceler-

ation and has the same average return period -™ roughly

100,000 years (Testimony at 33-37).

69. Intervenors'rimary witness on this contention

was Dr. James N. Brune. Basically, his testimony was that,
because the data base is'o small, uncertainties exist, and.

accelerations and velocities could be a factor of two greater

than those postulated in USGS Circular 672 (Tr. 7963).

These greater accelerations could .also arise from such

phenomena as focusing (directivity) (Tr.. 7936, 7937) or high

stress drops (J.I. Ex. 66, pp. 3-2, 3-3; Tr. 7938, 7939).

Focusing it is not a new phenomenon (Tr., 7953, 7956, 7957).

Dr. Brune cautioned that these higher numbers are based on

extrapolation of very limited data and thus of low confidence

(J.I. Ex. 66, pp. 3-9), and he presented specific arguments
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which might be cited'gainst the, possibility of these higher
numbers (J.I. Ex. 66, pp. 3-16 - 3-18). He concluded,

however that because of the limiied data base the higher
values were at least theoretically possible (Tr. 8056-8058).

The witness could not, assign a level of probability to his
higher values (Tr.'143) except to describe them as being
"low" for any given earthquake (Tr. 8144). There was also
testimony that no such higher values had'ever been recorded,
and that only two values over 1.15g had ever been recorded--
one from the Russ'.an Gazli earthquake, for which a vertical
accele'ration of 1.3g was recorded (Testimony at 3-4), and

one from the Pacoima Dam record (1. 2g), (Tr. 5846, 7977) .

,.It was also developed that 'in every case there was more than
one possible explanation for the points raised in his testi-
mony (Tr. 8059-'8080). Considering all of the evidence, the
Board is of the opinion that the speculated higher values
postulated by Dr. Brune are not. of design or analytical
significance for the Diablo Canyon Plant.

70. Staff witness Dr. Stepp concluded that use of
a .75g acceleration was conservative (Testimony at 12,

32-35). Staff witness Hofmann testified that in his opinion
.75g is "way too high" and he would suggest a maximum accel-
eration of around .Sg (Hofmann Testimony on Contention 3

at 1-9; Tr. 8539, 8540).

25

26

71. Drs. Blume, Cornell, Frazier and Seed all
stated within a reasonable degree of earthquake engineering
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certainty that given the postulated Hosgri event and the
P

other earthquake possibilities that have been considered in

the design of this plant that the anchoring of the response

spectra at a 0.75g is conservative (Tr. 6860).

72. Accordingly, the Board concludes 'that the

0.75g acceleration assigned to the safe shutdown earthquake

is quite a conservative value for the maximum vibratory

acceleration that could occur at the site.9'. Res onse S ectra And Seismic Desi n
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Contentions

(5) The Applicant has failed to demon-
strate, through the use of either
appropriate dynamic analysis or
qualification tests (or equivalent
static load method where appro-
priate), that Category I struc-
tures, systems, and components will
perform as required during the

'seismic load of the 'safe shutdown
earthquake, including aftershocks
and applicable concurrent function-
al and accident-induced loads, and
that Category I structures, systems
and compon'ents will be adequate to
assure:
(A) the integrity of the reactor

coolant pressure boundary;
(B) the capability to shut down

the reactor and maintain it in
a safe condition; or

(C) the capability to prevent, or
mitigate the consequences of
accidents which could result
in excessive offsite exposure.

.(6) The Applicant has failed to demon-
strate, through the use of either
appropriate dynamic analyses or
qualification tests (or equivalent
static load methods where appro-
priate'), that all structures, sys-
tems and components of the nuclear
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power plant necessary for continued
operation without undue risk to the
health and safety of the public
will remain functional and within
applicable stress and deformation
limits when subjected to the ef-
fects of the vibratory motion of
the operating basis earthquake in
combination with normal operate,ng
loads..

(7). The Applicant has failed to demon-
strate adequately that necessary
safety functions are- maintained
during the safe shutdown earthquake
where, in safety-related struc-
tures, systems and components, the
design for strain limits is in
excess of the yield strain.

73. Given an effective acceleration of .75g,

response spectra can be developed for analysis of the struc-

tures, components and equipment. PGandE, through Dr. Blume,

and the Staff, through Dr. Newmark, devised such spectra.

The use and understanding of the term response spectrum

(plural "spectra") is a difficult one but an excellent

definition, albeit necessarily lengthy, was given by

Dr. Blume in his testimony*at 5-8. It is as follows:

The ~res onse ~s ectrum is an extremely important

concept in the analysis and design of nuclear power plants
- for earthquake motion. If a complete time history of motion

is used as the disturbance input, it is possible to calculate

the maximum response of a simple one-degree-of-freedom

elastic, damped oscillator when subjected to the entire time

history of motion. Such a simple oscillator might be repre-

sented by a single rigid mass on a vertical stick having
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stiffness but, no weight, or a "lollipop" shape. The results

of such a calculation would produce only one point for a
I

response spectrum curve and that point would be for the

natural period of vibration of this particular oscillator
with its particular damping ratio. If a whole series of
os'cillators of the same damping are subjected one at a time

to the same ground motion record, and if each oscillator has

a different natural period, there would be a who'le series of

points for a plot of spectral accelerai.ion versus period.

Connecting these points would provide a "response spectrum"

for the particular ground motion record and for the particular
damping of the oscillator. If the same procedure were

repeated using oscillators with other damping values, a

whole family of spectral curves would be obtained for the
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particular strong motion record. Of course these extensive

calculations a'e done in computers.

Most acceleration response spectra made from an

earthquake record are rather jagged with many peaks and

valleys. It is customary to obtain smooth curves for use in
analysis and design in order to avoid the problems associated

with these peaks and valleys and to avoid'ensitivity in.

response caused by minor variations in natural period.
There are various ways this "smoothing" can be done. 'ne
simple way is to draw the smooth curve through the jagged

one either by averaging the peaks and valleys or, as is more

often done, to almost envelope- the peaks. A better way is
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to not rely upon one'ground motion time history but to use

several appropriate records representing as near as possible
't

the conditions under consideration. This results in a whole

10

series of response spectra for each damping value which

series can then be treated statistically by various methods

to obtain an average curve for all the records used as well

as other curves representing any statistical deviation from

the average that may be desired. This procedure has the

advantage of not only providing a broader base of information

but of providing probabilistic distributions at any period

value or statistical confidence level of interest.

13

15

16

'17

19

20

22

23

24

25

26

Response spectra can also be constructed artifi-
cially, or they can be obtained from standards like NRC

Regulatory Guide 1.60, or from ratios of spectral values to

either ground acceleration, velocity or displacement,

depending upon the period or frequency under consideration.

It so happens that effective acceleration used to construct

spectral curves is the same as spectral response at any

damping value at zero period or infinite frequency. Effec-,
tive acceleration is therefore sometimes referred to as zero

pe'riod acceleration or anchor point acceleration.

It is often convenient in analysis to use a time

history instead of a response spectrum. However, as discussed

previously, time histories produce spectra with peaks and

valleys. To overcome this problem a time history is selected

to best represent the condi'tions of the problem and it.is
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then artificially altered, usually with additions of pulses

of proper. sizes and at strategic locations in the time

domain to cause the spectrum made from the modified time

history to closely match the prescribed spectral diagram.

This work has to be 'carefully done and, of course, with
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computer aid.

74. Dr. Blume reviewed how he developed his basic

response spectra, based upon the 0.75g effective giound

acceleration and using the damping values conforming to NRC

Regulatory Guide 1.61 (Testimony at 39-47). Development of

response spectra was also undertaken independently by Dr.

Newmark, and both spectra were used in the analysis with the

more conservative in any particular instance governing.

Thus,'wo complete analyses had to be made (Testimony at 38-41),

Dr. Blume compared the two peak ground acceleration values

(his and Dr. Newmark's) showing that they were consistent

(Testimony at 42-43).

75. In addition to being critical of anchoring

the initial response spectrum to .'75g, Drs. t,uco and Trifunac

were critical of further reducing, in some instances, response

spectra due to factors such as tau and 7% rather than 5%

damping (Tr. 8895, 8972; 8923-926, 8971-972). However, no

testimony critical of the procedures of developing the basic

response spectrum by either Drs. Blume or Newmark was
given.'s

respects tau and damping, there was a great deal of,

testimony.
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76. "Tau'! was defined by Dr. Blume as a simplifi-
.cation of a very complex wave motion-structure action problem..

It can be looked upon as an "engineering equivalent" such as

is traditionally used for various loadings and conditions

as, for example, wind forces, rail and truck loadings on

bridges, live loads on building floors, current forces on

wharves and docks,'tc. There is ample evidence of the

'excellent performance of large building foundations in
earthquakes. Tau is a manifestation of this. The larger
the foundation and the shorter the traveling wave length,

the more effective. is the so-called tau reduction. The

values of tau determined by Dr. Newmark and Dr. Blume varied

slightly due to different approaches as did the zero-period

accelerations associated with the tau™factor for each structure.
However, whichever was more conservative controlled for the

analysis (Testimony at 42-43).

77. As defined by Dr. Blume "damping" is related
to the energy change during vibration and it varies for
different materials and structures. Energy is never lost
but it changes form. The kinetic energy of motion of a

vibrating body or system is reduced by energy converted to
heat through friction and the internal stressing of materials,
and by other means. The rate or degree of this loss is
called damping. If there were no damping at all, an oscil-
lating system would never stop. Although damping is a very
complex subject and has many forms, in earthquake analysis
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viscous damping is generally assumed, and it is given as a

'ratio to or percentage of critical damping which is that

damping val'ue which would prevent oscillation at all
(Testimony, 3-4). Damping values were reevaluated by the

NRC in the period between the original design of Diablo

Canyon and the discovery of the Hosgri. While 5% damping
I

was actually used in the original design of structures,

Regulatory Guide 1.61 permitted the use of 7% at the time of

the Hosgri analysis, and that figure was used. (Testimony

14-15).

78. Dr. Luco alleged that Dr. Seed's soil
tructure'nteraction

analysis (J.I. Exh. 58) showed„that there was no

tau effect at Diablo (Tr. 8923'-926). Dr.; Seed took strong

exception to that and stated that his study, showed nothing

about tau at all as it was not designed to show tau effects
\

(or the lack thereof) (Tr. 10,151). Dr. Seed went on to say

that while his and other experts'ethods of applying'tau
may be different (Tr. 6807), tau effects result prima'rily
from the fact that the wave motions are not all perfectly
vertical as they approach a foundation slab and they are

also due to nonhomogeneity of the soil or rock formations on

which the foundation i's constructed (Tr. 10,151). In rebut-

tal to Dr. Luco, Dr. Seed showed how the tau effect for
Diablo can be derived by waves arriving at less than perfectly
vertical (PGandE Exhibit 64, Tr. 10,152-160) and by nonhomo-

geneity of the rock structure upon which the foundation
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rests (PGandE's Exhibit 65, Tr. 10,162-10, 166). In con-

elusion, Dr. Seed testified that the tau reduction used by

Drs. Blume and Newmark was both justified and scientifically
defensible (Tr. 10,167).

79. Dr. Newmark testified that the variation in
acceleration over an area is the tau effect. It has to .do

with the ground which is inhomogenous and scattering takes

place. There would be differences in phasing, resulting in
differential values over the area. No matter whether the
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wave approaches from the bottom, from the side, from the

middle or how. The tau effect is only a way of trying to

account for this in some systematic and reasonable fashion.

80. The Board finds then, that the reductions for
tau for various response spectra from the .75g zero period

of the basic response spectrum is justifiable and adequately

conservative.

81. Dr. Blume discussed the damping values pre-

scribed in NRC Regulatory Guide 1.61 (7% for structures) and

the addi'tional data developed because these values had been

questioned. He emphasized that two facts were particularly
important: elements with friction between parts, such as

bolted steel joints or concrete with minor cracks, have

considerably greater damping at a given strain level than

where such friction is not possible, as for example in
welded joints or in uncracked concrete; damping increases

I

with strain or deformation. Another important consideration
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is that a structure not only receives energy from the moving

ground but returns some of it to the ground, which is often

termed radiation damping. No credit for this type of damping

was taken for the Diablo units. Another point, often misunder-

stood, he said, is that it is not necessary to develop high

strain levels throughout an entire structure to develop high

, damping levels; local high strain levels can be quite effec-

tive in absorbing the kinetic energy of motion, as shown by

test results presented by Dr. Blume. Based upon all of

this, Dr. Blume concluded that 7% of critical damping was

conservative for the Diablo Canyon structures subjected to

the hypothetical Hosgri earthquake, and that the value could

be as high as 8% to 10% for the postulated Hosgri event

(Testimony at 47-49).

82. 'Finally, Dr. Blume stated that the response

spectra and damping values were applied to each structure as

appropriate to obtain the moments, shears, axial forces and

stresses at..various points in the structures. This was done

by others and the results were provided in terms of the

stresses obtained as compared to the stresses allowable

under NRC regulations. In a small number of cases "over-

stresses" were found and physical alterations are being 'made

to the structures involved so as to meet. all the criteria.
In addition "floor response spectra" were developed to
represent the amplified motion at upper levels where piping
or equipment is attached or anchored (Testimony at 49-50).
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83. Based upon all.of the above, Dr. Blume con-

eluded that the criteria established are very conservative

and that .

there is much more than' reason-
able degree of engineering certainty
that the plant can. be operated without
undue risk to the health and safety of
the public from or induced by earthquake
motion" ITestimony at 50].

84. Dr. Newmark felt very strongly about the fact

9 ~ that the design criteria for the Diablo Canyon Reactor,
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based on the original concept for design and the retrofit
proposed, when reviewed in the way that it was reviewed, and

looked at very carefully by a number of people on the'taff
and in various consulting firms employed to make the review,

results in a design which is more adequate than that, of most

of the other reactors that have not undergone this intensive
" audit. He felt that major conservative assumptions were

made and that the state of the art of nuclear reactor design

as reflected in current practices gives an adequately con-

servative design (Testimony, Reference B, p. 17).

85. Dr. Newmark does not believe that Drs. Luco

arid Trifunac have the background, nor have yet acquired the

judgment and experience, to make design recommendations for
nuclear power plants. He went 'on to say thag a common

misconception of laymen and even professionals with limited
experience is that all risks can be avoided by piling
conservatism upon conservatism in all aspects of a problem.
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What this leads to is the unknowing acceptance of a greater

risk because of the side effects of the overconservatisms.
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.What the knowledgeable design engineer seeks in designing

structures for,dynamic loads is adequate st.rength combined

with ductility and energy absorbing capacity 'rather than

excessive strength and its concomitant brittleness.
Dr. Newmark took into account all of the written and orally
expressed opinions of Drs. Luco and Trifunac and did not

have any reservations about the adequacy of the seismic

design for the Diablo Canyon nuclear power plant (Tr. 9304-05).

Dr. Newmark would have no hestitancy today in recommending

that the Diablo Canyon Plant be built at the site where it
is located (Tr. 9308).

86. Finally, Dr. Trifunac, called by Intervenors,

testified that the structures within the complex of the

plant (Diablo Canyon) are reasonably. designed to withstand a

reasonable earthquake on the Hosgri fault, reasonable earth-

quake being a spectrum of possible events which are physically
'capable of happening there (Tr. 9198-199).

87. The Board concludes that the seismic criteria
~ used for the Hosgri seismic evaluation were appropriate and

conservative. The use of these criteria in the reevaluation

of the plant for the postulated Hosgri event reasonably

assures the preservation of the health and safety of the.

public.

26
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E. 0 eratin Basis Earth
uake'ontention

(4) The maximum vibratory acceleration
of .2g for the operating basis
earthquake is not, one-half of maxi-
mum vibratory acceleration of the
safe shutdown earth uake.
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88. PGandE Diablo Canyon Project Engineer,
John'och,

testified concerning this contention. He pointed out

that although Appendix A to 10 CFR 100 provides that the
'

operating basis earthquake (OBE) shall be at least one-half

the safe shutdown earthquake (SSE) (Appendix A, Section

V(a)(2)), Section III, "Definitions," provides that. the OBE

is that, earthquake ". . . which .' . 'could reasonably be

expected to affect the plant site during the operating life
of the plant . . ." and Section II, "Scope," permits depar-

tures from the'criteria specified in Appendix A'ith proper

justification. Mr. Hoch then stated that the original
double design earthquake, now referred to as the SSE,

approved by the AEC during the construction permit hearings

was 0.4g. Accordingly, the design earthquake, now known as

the OBE, was 0.2g. Witness Hoch stated that. the NRC has

accepted an OBE for other plants less than one-half the SSE

(Tr. 7843-7845) on the basis of a probabilistic analysis

estimating the exceedance probability and return period for
such an .earthquake. (Testimony following Tr. 6879 at 9-12).

The principle, as established by the NRC Staff, is that an

OBE is one which would reasonably be expected to affect the
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plant site during the operating life of the plant. The

Staff has stated that it considers that an earthquake that
exhibits an exceedance probability of no more than 30% and a

return period of approximately 110 years could reasonably be

expected to affect a plant site and produces a conservative

acceleration level for the OBE. PGandE conducted its own
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analyses, taking into account the various factors specified
in Appendix A to 10 CFR 100, which produced a range of
exceedance probabilities and average return periods. For a

peak instrumental acceleration at the site of 0.20g, the

lowest average return period computed by any of the methods

used in the analysis is 275 years,. and the corresponding

exceedance probability for a 40-year plant lifetime
is'pproximately14.5%. Since the return period is more than

twice the 110 year period specified by the Staff and the

exceedance probability is less than one-half that specified
by the Staff, it is clear that the OBE of 0.2g is acceptable

and it has, in fact, been accepted by the Staff (Testimony

following Tr. 6879 at 9-12; SER Supp. 7 pp. 2-4, 2-5;

Tr. 6909, 6910).

89. Mr. Dennis Allison, the NRC project manager

for the Diablo Canyon Plant, affirmed that the proposed OBE

conforms to the requirements of Appendix A to 10 CFR 100

(Tr. 8423-8426, 8471, 8472). Staff witness Dr. Newmark

stated that in his opinion, and that of many engineers,'the
proper value for an OBE is from one-fourth to one-third of
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the SSE (Newmark Testimony at 6). Moreover, in testing

plant electrical eguipment for the Hosgri event, an OBE
\

egual to or greater than 50% of the SSE was used (Tr. 7845,
/

7846).

90. Testimony'on the OBE was offered on behalf of
Joint, Intervenors by Richard B. Hubbard (J.I. Ex. 65).

After extensive examination on voir dire the bulk of his

testimony was stricken as being 'beyond the technical exper-

tise of the witness (Tr. 7708-7800, 7832-7838, 7861-7869).

10 No evidence was presented demonstrating that the use of 0.2g

for the OBE would r'esult in any undue risk to the public

12 health and safety. In fact, the Board concludes that setting
13

14

15

16

the OBE at 0.2g, rather than a higher level will reguire
I

PGandE to shut the plant down for inspection at a lower

acceleration than otherwise, thereby adding a further safety

feature.

17
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20

91. Accordingly, the Board finds that. use of an

operating basis earthquake of 0.2g is reasonable for the

Diablo Canyon facility.
F. Hos ri Seismic Evaluation

22
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92. PGandE's application for an operating license
was docketed October 2, 1973. Subsequent knowledge of the

Hosgri Fault resulted in the NRC Staff's requirement that
the plant's design be evaluated for an assumed magnitude 7.5

earthquake on the Hosgri Fault in addition to the earth-
t

guakes considered in the original design. Before proceeding
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with the Hosgri soismic evaluation, it was nece sary to

develop both response spectra for the various plant structures

and detailed criteria for the evaluation. Development of

response spectra has been described. The detailed evaluation

criteria were developed by the Company and its consultants

and approved by the NRC Staff and its consultants. A detailed

description of the Hosgri seismic evaluation follows. The

evaluation considered all plant structures, systems and

components required to remain functional during and following

the postulated Hosgri seismic event in order to assure:

(1) the integrity of the reactor coolant pressure

boundary.

(2) the capability to shut down the reactor and

maintain it in a safe condition;

(3) 'the capability to prevent. or mitigate, the

consequences of accidents which could result,

in potential,offsite exposures comparable to

the guideline exposures of 10 CFR 100.
I

These structures, systems, and corriponents are precisely
those required to remain functional to meet the requirements

~ in Appendix A to 10 CFR 100 for a safe shutdown earthquake.

In parallel with the Hosgri seism'ic evaluation, the Company

and its consultants completed numerous studies which support

the adequacy of the criteria employed in that evaluation.

The description of the Hosgri seismic evaluation, its results,
and the studies supporting the evaluation criteria are
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contained in the Hosgri Report. (Hoch Testimony at, 1-6;

Bettinger Testimony at
10-16).'3.

The Hosgri seismic evaluation considered and

has established the capability of all Diablo Canyon structures,

systems, and components designated as Design Class I, which

corresponds directly to "Category I" as originally used in

Safety Guide 29. Safety Guide 29 was subsequently reissued

as Regulatory Guide 1.29, which, in turn, was subsequently

revised twice. The Diablo Canyon classification system also

meets the intent of the latest revision of this regulatory

guide. In some instances, since Diablo Canyon structures,

systems, and components were assigned seismic design classi-

fication prior to the issuance of definitive guidance by the

Regulatory Staff, some systems and components were classified
as Design Class I which would not be required to be designated

Category I by current regulatory practice. Certain structures,

such as the turbine building, which were not designated as

Design Class I but whose failure could affect the functioning

of Design Class I structures, systems, -and components have

been treated as Design Class I for the purposes of the
~ Hosgri seismic evaluation. As Project Engineer for Diablo

Canyon, Mr. Hoch reviewed all the structures, systems, and

components considered in the Hosgri seismic evaluation and

concluded that all items have been included to meet the

requirements of applicable NRC regulations, including
Sections VI(a)(1) and VI(a)(2) of Appendix A to 10 CFR 100

I

-72-





.3

(Testimony at 12-15). The NRC Staff has reached a similar

conclusion (SER Supps. 7 [Section 3.2.1], 8). Set forth in

greater detail below are the structures, systems, and com-

ponents considered in the Hosgri seismic evaluation, the

criteria and methodology employed, the tests and'naly"'es

made, and the manner in which concurrent functional opera-

tional and accident:-induced loads were taken into account

9"

(Testimony at 15-21).

94. Concerning Contention 7, PGandE witness Hoch

10 explained that, as permitted by Section VI(a)(1) of Appendix A

to 10 CFR 100, for Diablo Canyon structures the acceptance

criteria employed in the Hosgri seismic evaluation allowed

13
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'tresses or strains beyond yield only in very limited situ-
ations and under conditions where such yielding could not

affect the performance of necessary safety functions. Only

in a very few locations in Diablo Canyon structures did the

results o5 the Hosgri seismic evaluation indicate stresses

beyond the yield point of the material,. These included the

curtain wall of the intake structure,,localized end bents of
the turbine building 'if a crane is parked at either end of
the building, and certain piers beneath the main turbine
generators. The associated deformations have been carefully
evaluated to assure that all necess'ary safety functions are

maintained (Testimony at 21, 22; Tr. 6917).

95. For those components gualified by test for
the postulated Hosgri event, functionality was demonstrated
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during the test as well as after the test if such function-

ality was required in order for the component to perform its
intended safety function. For equipment qualified by analysis

which must move, open or close, pump fluids, or otherwise

perform an active safety function when subject to seismic

loadings, special criteria were developed and applied to

assure that deformations as a result of seismic loadings

would not prevent performance of the active safety function

(Tr. 6919-6921). For certain Diablo Canyon components, such

. as piping systems, the acceptance criteria for stresses
I

employed in the Hosgri evaluation were in accordance with

accepted industry codes and standards. For loading combi-

nations associated with a Safe Shutdown Earthquake, these

acceptance criteria do, indeed, allow calculated stresses

(or strains) beyond the yield point of the material. These

16 codes and standards, and the stresses allowed, are drawn

17

18
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from extensive experience with the piping systems and materials

involved and are specifically formulated to assure that when

stresses calculated by code approv'ed methods are at or below

allowable, the necessary integrity of the piping system will
be maintained (Testimony at 22, 23).

96. Nr. Hoch concluded that wherever the Hosgri

seismic evaluation showed that stresses or strains beyond

the yield point would be calculated for loading combinations

related to the postulated Hosgri event, all necessary safety
functions will be maintained and the plant complies with all





applicable NRC Rules and Regulations, including that portion

of Section (VI)(a)(1) of Appendix A to 10 CFR Part 100
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.15

16

17

18

20

21

22

23

25

related to Intervenors'ontentions (Testimony -at 23).

97. PGandE concluded its direct case by presenting

several panels of witnesses who presented evidence in detail
to support the conclusion that, the structures, systems and

components will perform as required during the postulated
/

earthquakes; i.e., they will remain functional and within

applicable stress and deformation limits when subjected to

the effects of the vibratory motion of the postulated Hosgri

event, including appropriate concurrent loads. An example

of the latter was combining the loss of coolant loads and

the Hosgri seismic stresses in analyzing the containment

structure (Ghio-Malik Testimony following Tr. 6993 at. 6)..
PGandE witness'Vincent J. Ghio, a senior civil engineer with

responsibility for coordinating and reviewing the design of
structures for the Diablo Canyon plant, first presented a

broad overview of the extensive work done to establish the

capability of the Design Class I Structures and the Design

Class II structures containing Design Class I components.

The Design Class I structures include the containment struc-
ture, the 'auxiliary building, and the outdoor storage tanks.

The Design Class II structures containing Design Class I
components include the turbine building and intake structure.
(Ghio Testimony following Tr. 6941 at 1-3, 8-10).

26
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98. Witness Ghio reviewed the procedures followed

in establishing the original seismic, design of the plant

using= postulated earthquakes and criteria approved by the

Atomic Energy Commission with the issuance of construction

permits for the units. Mr. Ghio then summarized the seismic

6 evaluation of the plant for the postulated 7.5M Hosgri

7 „'arthquake and various intermediate postulated earthquakes

10

12

13

14

15

and the criteria developed to effect this. Documentation

for this evaluation was set forth in the Hosgri Report.

Based on a review of this submittal, the NRC Staff issued

Supplement No. 5 to the SER, which included response spectra

independently derived by Dr. N. M. Newmark, the rationale

for their development as well as the parameters to be used

in the foundation filtering c'alculations for each major

structure. Supplement 5 prescribed that either the spectra

16 developed by Blume or Newmark would be acceptable with the

17 following conditions:

18
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25 ///
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(ii)

(iii)

In the case of the Newmark spectra, no reduc-
tion for non-linear effects would be taken
except in certain specific areas on an
individual case basis;

In the case of the Blume spectra, a reduction
for non-linear behavior using a conservative
factor may be employed;

The results determined by use of the Blume
spectra would be adjusted so as not to fall
below the results determined by use of the
Newmark spectra at any frequency (Testimony
at 10-14).
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99. Mr. Ghio explained that the basic approach

used in the Hosgri evaluation of structures adopted the arne

analytical procedures and criteria which were employed for

the original seismic analysis, with the'o'lowing specific

10
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'18

changes:

(1) Use of the new 7.5 M on Hosgri inputs.

(2) Use of Regulatory Guide 1.61 damping.

(3) Use of actual material properties (excluding
allowance for concrete gain in strength with
age)

.'4)

Allow'ance for ductility in certain cases.

(5) Use of fixed base mathematical models.

(6) Vertical response dynamic analysis or
equivalent.

(7) Use of accidental torsion or„ equivalent in
addition to geometric torsion.

I

(8) Modified procedure for smoothing floor spectra.

(9) Combination of horizontal and vertical
'esponseson 3-component square-root of the

sum of the squares basis (or equivalent.)
(Testimony at 14; Tr. 6945; 6946).

19

20

22

25

100. The containment structure has been qualified,
with minor modifications which have been implemented, for

~ the postulated Hosgri earthquake. Z,ikewise, the auxiliary
building, with modifications to improve the seismic shear

distribution in the fuel handling area, qualifies the struc-
ture for the Hosgri event. The Design Class I outdoor water

storage tanks required significant modifications to permit
them to resist the Hosgri earthquake. Similarly,'he turbine
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building required substantial structural modifications to

resist the Hosgri event. The intake structure has been

found capable of resisting the Hosgri earthquake without

sustaining any damage that would impair'he unctioning of

the auxiliary saltwater pumps (Ghio Testimony at 3-8; Tr.

6943, 6944). Subsequent panels presented detailed informa-

tion concerning the modifications of these various structures:

containment (Ghio-Malik Testimony at. 1-8; Tr. 6994-7031,

7040-7125); auxiliary building (Ghio-Malik Testimony following
Tr. 7130 at 1-6; Tr. 7131-7174); turbine building (Ghio-Lang

Testimony following Tr. 7181 at 1-6; Tr. 7182-7219); intake

structure (Ghio-Lang Testimony following,Tr. 7224 at 1-4;
I

Tr. 7225-7269); outdoor water storage tanks (Chio-Jhaveri

Testimony following Tr. 7285 at 1-4; Tr. 7287-7309, 7404-

7419); and buried tanks and piping systems (McLaughlin-Lawson

Testimony following Tr. 7324 at 1-4; Tr. 7325-7352).

101. Similar evidence was presented concerning the

integrity of plant mechanical and electrical systems in the

event of a Hosgri earthquake 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 condition, and(iii) the capability to prevent or mitigate the
consequences of accidents 'which could result'in
potential offsite exposures comparable to the
guideline exposures of 10 CFR.

The following general classes of components were included in
the Hosgri requalification: reactor coolant system; auxiliary
mechanical equipment; piping systems other than the reactor

-78-



T



coolant piping; and electrical equipment. Thc proces that

was used for the requalkfication of the mechanical and

electrical equipment for the Hosgri earthquake was broken

down into seven basic steps:

(1) identification of systems requiring evalua-
tion.

10

(2) Definition of the functional requirements of
the equipment within the required system.

(3) Determination of the seismic input, to the
required system.

(4) Establishment of the criteria for evaluation.

(5) Establishment of the methodology of the
evaluation.-

12
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(6) Perform the evaluation, determine the need
for modification.

(7) Make modifications. where required.

Each of these steps in the requalification process will be

described in more detail below (Gormly Testimony following

Tr. 7449 at 1-3; Tr. 7450, 7451).

102. As discussed in Mr. Ghio's testimony, seismic

response spectra for all relevant.'locations in those struc-

tures significant to the plant were developed by URS/John A.

Blume & Associates. These spectra are contained in Chapter 4

of the Hosgri Report and provided in the seismic input for

the qualification of the equipment of concern. To determine

the systems requiring evaluation, those required for plant

shutdown were identified first. Next., the systems and

procedures'required to achieve and maintain hot shutdown and
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long-term cold shutdown conditions after the postulated

seismic event were evaluated. This evaluation was consistent

with Regulatory Guide 1.29 and was'done assuming that:

(1) only systems qualified for the eveni would be
available;

(2) the single failure criterion would be
satisfied;

I

(3) off-site power may be lost for 'an extended
period of time.

10

12

13

15

16

17

18

19

20

21

22

23

26

A tabulation was then made of the equipment and components

comprising those systems and the function that the equipment

was required to perform. This included a determination, of
whether components were passive or were required to mechan-

I

ically function during or following the postulated seismic

event. Also, piping systems which were required to retain
their structural integrity were identified. Equipment not

required for shutdown but which would be categorized

Category I by current regulations was further identified.
Stress criteria were developed for various components. For

components which were required to 'perform a mechanical

function in addition to retaining their structural integrity,
additional criteria were developed. The appropriate criteria
were established in conformity with the applicable industry
codes and standards as required by 10 CFR 50.55a. The

criteria for mechanical equipment and piping were taken

primarily from the ASME Boiler and Pressure Vessel Code and
j

the criteria for electrical equipment were taken from IEEE
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standards. After the equipment and systems of concern were

identified and specific criteria were fixed for such equipment

and systems, the specific evaluation commenced. The evalua-

tion was accomplished by either detailed seismic analyses,

seismic testing (shaking), or a combination of. analyses and

testing. The details of the analyses or tests performed for
this equipment can be found, in Chapters 5 through 10 of the

Hosgri Report. The results of the analyses and/or tests

were then compared to the criteria developed for accepta-

bility. For instance, the results of a seismic analysis

would define the stresses developed in the component from

the postulated seismic event. These seismic stresses were

then combined with other stresses which would be caused by

normal operation or, where appropriate, stresses that would

be caused by design basis events. The total stress was then

compared, to the stress criteria. Where the stresses exceeded

the stress criteria, an evaluation was made as to the action

18 required to satisfy the stress criteria, such as equipment

19 modification or replacement (Gorml'y Testimony at 2-5;

20 Tr. 7452-7467).

~ 21

22

23

103. In general, the major, area where significant
plant, modifications were required by 'the requalification was

in the piping systems. As a result. of exhaustive stress

analyses, modifications have been made to at least. 900 of
the approximately 5,000 pipe supports, the remaining 4,100

not requiring modification (Tr. 7679). These modifications
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range from a m'inor stiffening of the support to complete

replacement. In no instance was it necessary to modify or

replace the piping itself. In addition to the piping system

modifications, some modifications were required for approx-

imately 50 percent. of the above-mentioned tanks 'and heat

exchange'rs. These modifications were generally minor and

were related to increasing the support capacity. Other

modifications were made in various electrical components in
the plant (Gormly Testimony at 6). Detailed evidence con-

cerning the analyses and modifications, if necessary, of

various systems and components was offered covering plant
systems (Gangloff Testimony following Tr. 7471 at 1-8;

Tr. 7472-7484); the reactor and reactor coolant system

(Esselman Testimony following Tr. 7548 at 1-8; Tr. 7549-7586);

auxiliary mechanical equipment (Esselman-Antiochos Testimony

following Tr. 7589 at 1-6; Tr. 7590-7657); other piping
systems (Bacher-Esselman Testimony following Tr. 7660 at 1-7;"

Tr. 7661-7679); and electrical equipment and instrumentation

(Esselman and Young Testimony following Tr. 7686 at 1-8;

Tr. 7687-7692).

104. With regard to the reactor and reactor coolant

system, the analysis demonstrated the ability of the reactor

and reactor coolant system to withstand the postulated

Hosgri event coupled with a simultaneously occurring pos-

tulated pipe break in the main reactor coolant piping.
Investigation indicated that the postulated pipe breaks
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considered were so unlikely that they need not be combined

with any other design basis events in a stress calculation

to assure the integrity and safety of the reactor coolant
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system. The, NRC Staff,. however, reguired that the stresses

or loads resulting from the postulated seismic event be

'combined with the stresses or loads resulting from the

postulated pipe rupture. The results of the combination of,
the stresses and the overall stress summary are presented in

Appendix F of the Hosgri Report. This appendix demonstrates

. the acceptability of the reactor coolant syst: em. lt is

important, to note that the allowable stresses used are
n

determined by various Codes and Standards groups to con er-

vatively assure the structural integrity of the structure or

component. Thus, as long as the stresses are determined to

be egual or less than allowable, there is ample margin in
the design of the system. The acceptance criteria used

provide substantial additional margin to failure (Esselman

Testimony at 4-5).

105. The reactor fuel for Diablo Canyon, described

in Chapter 4 of the FSAR, could conceivably be affected by

~ the postulated seismic event combined with the loss of

coolant accident. As a result of a seismic event, the

23

25

26

motion input to the fuel would cause impact loads on the

fuel grids. The fuel grids are spacer elements which .

maintain the spacing of the fuel rods to permit adeguate

cooling. Dynamic testing was performed on the grids to
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determine the load at which they would first experience

permanent. deformation. Loads from the seismic event and the

worst postulated loss of coolant accident individually and

combined, are below the allowable grid strength. This

provides assurance that. the fuel grids will not deform and

that the geometry for adequate cooling will be maintained

following the postulated Ekosgri event and a concurrent, loss

of coolant accident. The NRC Staff did, however, request

that fuel grid deformation be postula'ted. Assuming fuel
grid deformation, the resultant modification geometry of the

grid was used in an ECCS analysis. It was demonstrated that
with the postulated maximum credible deformation of the

grid, the core would remain eoolable. The fuel was, in
short, shown to be acceptable by two different methods:

(i) "The calculated loads indicated that defor-
mation of the fuel grid would not occur; and

(ii) even if the postulated maximum credible
deformation occurred, that the core would
remain in a eoolable geometry.

19
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Accordingly, the entire reactor coolant system has been

shown to be fully acceptable for the postulated seismic

event and the unlikely simultaneous occurrence of a postu-

lated pipe break event. Thus, the integrity of the reactor
coolant pressure boundary is assured (Esselman Testimony

at 5-7 Tr. 7571-7576, 7582, 7583).

25

26

106. At various stages in the presentation on

mechanical systems and components, questions were asked of
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PGandE and Staff witne ses concerning simulated aging. It
developed that the updating to current criteria required by

the NRC Staff did not include simulated aging and other

general environmental qualification recommendations reflected

in the Staff's current. position for new plants. (Tr. 7461,

7463, 7648, 7845, SER Supp. 7, pp. 3-72). It was pointed

out that aging need not be considered for the reactor coolant

system and auxiliary mechanical equipment because those

materials do not age -(Tr. 7578-7580,,75/3, 7584, 7641-7646,

7648). 'It was also pointed out that. aging of such equipment
I

is taken care of automatically through such measures a

designing against corrosion or other degradation (Tr. 7646,

7647). Finally, most. of the remaining power plant components

in question are not unique to nuclear power plants and a

lengthy record of preventive maintenance to offset. the

effects of aging for the life of the plant, has been developed

through the vears at fossil-fueled stations (Tr. 8790).

107. Intervenors offered testimony on Contentions 5,

6, and 7 through their witness Richard B. Hubbard (J.I.
Ex. 65). As with his earlier testimony on the operating

basis earthquake, much of his testimony was struck as being

beyond the expertise of the witness (Tr. 7888-7893). The

only substantive portions of the testimony remaining were

allegations that there is no record that the effect of

aging have been considered in the seismic qualification of
electrical equipment and that using a shaker table may have
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introduced common failure mode" not, readily detectable (J.l.
Ex. 65, pp. 5, 6, 7-8). However, on cross-examination, Mr.

1

Hubbard admitted that the IEEE standard which refers to
I

aging was not issued until 1974 and that the prior version

of the IEEE standard, issued in 1971, did not have a require-

ment for simulated aging (Tr. 7895, 7896). He also admitted

that the effects of aging could be determined through periodic

testing and inspection (Tr. 7899, 7900). As far as the use

of the shaker tables is concerned, Mr. Hubbard admitted that
the absence of such testing of the plant components would

give rise to uncertainties, different uncertainties, than if
the components were so tested (Tr. 7913-7916). An NRC Staff
witness testified that equipment must be qualified both

during and after the simulated event and that, accordingly.,

PGandE was required to inspect and test the equipment to

demonstrate functional operability after the test. In

addition, he testified that the Staff took one more step

than ordinarily required by requesting PGandE to install
strain gauges on some of the equip'ment to measure stress
incurred during the test and possible, fatigue. He concluded

.that the data indicate that the structural integrity of the

equipment will not be affected by possible fatigue due to
the shaker table testing and therefore it is acceptable to
return the equipment to the plant (Tr. 8711, 8713; 8813-8816).

Another NRC Staff witness pointed out that in all cases only
one of a redundant set of equipment was so tested (Rosa

Testimony p. 8).
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108. NRC Staff review of the structures, systems,

and components of the Diablo Canyon Plant was described by a

panel led by Mr. James P. Knight (Testimony following Tr. 8697).

Mr. Knight explained the methods and procedures followed by

the Staff in reviewing the facility for the Hosgri event,

and he described the major modifications made to the existing

plant facilities to qualify them for the Hosgri event. He

concluded as follows:
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The staff review of the seismic design
of the DCNGS has been the most extensive
we have ever undertaken. This review
has extended from the basic input cri-
teria employed through the details of
myriad analyses to the implementation in
final design. Our goal throughout the
review has been to assure that demon-
str'ably conservative practices were
followed at each level of design. We
believe that this goal has been ful-
filled in all aspects of the DCNGS
reevaluation, including confirmatory
analyses and tests, design of modifica-
tions, and the-establishment of oper-
ating restrictions where necessary. It
is our conclusion, therefore, that the
structures, systems and components
necessary at the DCNGS to assure the
health and safety of the public will
remain functional under 'the loading that
would result from any seismic event of
severity up to and including that spe-
cified for the Hosgri event.
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109. Testimony as to the seismic qualfication of
the Class I electric eguipment was presented by NRC Staff
Witness .Faust Rosa (Testimony following Tr. 8748). He also

testified concerning aging, noting there previously had been

no such reguirement but that, did not, make nuclear plants
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unsafe because there are other things going on continuously

that would reveal the effects of age, such as testing and

normal maintenance (Tr. 8785, 8786). It was also pointed

out that there is nothing unique about most of the equipment

in a nuclear power plant and that, a wealth of experience

exists with this equipment in facilities around the world

which have been in existence the past ten, twenty or more

years.(Tr. 8790).
L

110. The Board finds that the PGandE and Staff
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review of the seismic. design of the Diablo plant is the most

extensive ever undertaken by the Staff of the NRC.

111. The Board finds that the applicant has demon-

strated through appropirate analysis and tests that Category 1

structure,. systems and components will perform as required

during the seismic load of the safe shutdown earthquake.

112. The Board finds that the Category 1 structures,
systems and components will be adequate to assure (a) the

integrity of the reactor coolant pressure boundary, and (b)
the capability to shut down the reactor and maintain it in a

safe condition.

113. The Board finds that the evidence demonstrates

that all structures, systems and comp'onents of the Diablo

plant necessary for continued operation without undue risk
to the health and safety of the public will remain functional
and within appreciable stress and deformation limits, when

subjected to the effects of the operating basis earthquake
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in combination with normal operating loads.

114. The Board finds that the necessary safety

functions will be maintained during the safe shutdown earth-

quake where, in safety-related structures, system" and

components, the design for 'strain limits is in excess of the

yield strain.
IV

CONCLUSIONS OF LAW
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115. The Board has given careful consideration to

all the documentary and oral evidence produced by the parties.
Based upon our review of the entire record in this proceeding

and upon the foregoing findings of fact, the Board concludes

as follows:

(a) Construction of the facility has been substantially
completed in conformity with the construction

permit and the application as amended, the pro-

visions of the Atomic Energy Act of 1954, as

amended, and the rules and regulations of the

Commission; and

(b) The facility will operate in conformity with the

application as amended, the provisions of the Act,

and the rules and regulations of 'the Commission;

and

(c). There is reasonable assurance (i) that the activi-
ties authorized by the operating license can be

conducted without endangering the health and
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safety of the public, and (ii) that such

. activities will be conducted in compliance with

the Commission's regulations; and

(d) The Applicant is technically and financially
qualified to engage in activities authorized by

the operating license in accordance with the

Commission's regulations; and

(e) The. applicable provisions of 10 CFR Part, 140 have

been satisfied; and

(f) The issuance of the operating license will not be

inimical to the common defense and security or to

the health and safety of the public.
116. WHEREFORE, IT IS ORDERED in accordance wi'th

the Atomic Energy Act of 1954, as amended, and the Commis-

sion's regulations, and based on the findings and conclusions

set forth herein, that the Director of Nuclear Reactor

Regulation is authorized to issue a license, consistent with
the terms of this Initial Decision, to authorize full-term,
full power operation.

117. IT IS FURTHER ORDERED, in accordance with

21

22
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25

Sections 2.760, 2.762, 2.764, 2.785 and 2.786 of the

Commission's Rules of Practice, that this Initial Decision

should be effective immediately and shall constitute the

final action of the Commission subject to review thereof
under the above-cited rules. Exceptions to this Initial
Decision may be filed by any party within 10 days after the
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service of this Initial Deci ion. A brief in support of the
I

exceptions shall be filed within 30 days thereafter (40 day

in the case of the Staff). Within 30 days after the service

of the brief of appellant (40 days in the case of the Staff),
any other party may file a brief in support of, or in oppo-

sition to, the exceptions.

Respectfully submitted,

JOHN C. MORRISSEY
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Pacific Gas and Electric Company
77 Beale Street
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