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In t:1e Matter of: )

)
PACIFIC GAS & ELECTRIC COMPANY ) Docket Nos. 50-27T LL
(Diablo Canyon Nuclear Power ) 50-323 OL
Plant, Units 1 & 2) )

JOINT INTERVENORS' PIQUEST
FOR DIRECTED CERTIFICATION

Pursuant to 10 CFR 2.718 (i) , Joint Intervenors, SCENIC

SHORELINE PRESERVATION CONFERENCE, INC., SAN LUIS OBISPO

MOTHERS FOR PEACE, SANDRA SILVER, ECOLOGY ACTION CLUB, and

JOHN J. FORSTER, request the Appeal Board to direct the

certification of the followiAg legal issue for its considera-
tion: whether exceptional circumstances exist which would

permit the issuance of subpoenas, pursuant to 10 CFR 2.720(h),

to Dr. Mihailo Trifunac and Dr. Enrique Luco, consultants to

the Advisory Committee On Reactor Safeguards (ACRS) in that

Committee's review of the operating license for the Diablo

Canyon Nuclear Power Plant (DCNPP) in order to require their

attendance and testimony a' the licensing proceedings before

the Atomic Safety & Licensing Board (ASLB).

I.

On September 1, 1978, the Joint Intervenors requested

that subpoenas be issued for two experts who consulted to

79012900[o h



, .

2.

the ACRS in that Committee's review of the reanalysis of the

seismic design of the Diablo Canyon Nuclear Power Plant.

Those two experts were Dr. Mihailo Trifunac, an associate

professor of civil engineering at the University of

Southern California, and Dr. Enrique Luco, an associate

professor of applied mechanics at the University of California

at San Diego. Both the Nuclear Regulatory Commission Staff

(Staff) and Pacific Gas & Electric Company (Applicant)

opposed the Joint Intervenors' request.

On October 10, 1978, the ASLB issued an order deferring

ruling on the Joint Intervenors' request to subpoena Drs.

Trifunac and Luco, noting that the Commission was in the

process of establishing a general policy on the amenability

of ACRS consultants to licensing board subpoenas. At the

same time, the ASLB informed the Office of General Counsel

that this issue was pending in the proceeding and requested -

an expeditious resolution of the general policy question.

On October 20, 1978, the Commission asked the parties

to this proceeding and one other, as well as the Office of

Executive Legal Director, to submit comments on the general

policy question regarding the amenability of ACRS consultants

to. licensing board subpoenas. The ACRS advise: the Commission

of its position in a joint session with the Commission
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Y
on November 3, 1978.

On November 29, 1978, the Commission issued a document

entitled INTERPRETATIVE COMMISSION STATMENT ON AMENABILITY

TO SUBPOENA OF CONSULTANTS TO u'HE ADVISORY COMMITTEE ON

REACTOR SAFEGUARDS UNDER 10 CFR 2.720. There the Commission

recognized that its decision must balance two legitimate

and possibly conflicting considerations: on the one hand,

ACRS consultants represent an important source of scientific
,

opinion useful to licensing boards in resolving technical

issues; on the other hand, making those consultants amenable

to subpoena might impair the ACRS' ability to obtain qualified

consultants hesitant to expose themselves to the " hassle" of

appearances before licensing boards. The balance was struck

-1/ The CRS took the position that its consultants should#

enjo, the same degree of immunity from subpoena as the
members of the ACRS and, in any case, should not be
subpoenaed unless it could be shown that the consultants
have unique possession of material facts, that is,
f act s not known to witnesses made available t o the
Executive Director of Operations.

The Applicant endorsed the ACRS' position. The Office
of Executive Legal Director took the position that ACRS
consultants should be subpoenaed only where they have
unique possession of materials facts.

The Joint Intervenors argued that ACRS consultants
should be subpoenaed when their view would materially
assist in the full development of a record, and in the
alternative, if the exceptional circumstances test were
to apply, it should act be limited to those instances
where the potential witness had unique possession of
material facts, as urged by the Office of Executive
Legal Director.
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by providing the ACRS consultants the limited protection of

the exceptional circumstances test.

The Commission directed licensing boards to administer

the generally worded " exceptional circumstances" test on a

case-by-case basis. In addition, the Commission provided the

following guidelines in its interpretative statement:

By the terms of the rule, " exceptional
circumstances" are not limited to situa-
tions in which the particular individual>

has unique knowledge of facts. Further-
more, the mere fact that a particular
person may have been an ACRS consultant
in a particular case does not mean that
" exceptional circumstances" must be shown
as a predicate for a subpoena to that
person in another case. Th _ : limitation
applies only in cases in whir.1 he has
served as a consultant. Finally, parties
may not seek to probe the reasoning pre-
cess underlying the collegial ACRS report
through the device of a subpoena to a
consultant. 2/

On December 6, 1978, the ASLB heard oral argument on

the subpoena request in light of the Commission's recently

issued policy statement. -3/

On December 8, 19 78, the AS LB , without providing any

explanation for its decision, found that exceptional circum-

stances had not been established and denied the Joint Intervenors'

request for a subpoena. Instead, as recommended by the Applicant,

the ASLB incorporated into the record all written comments

submitted by Drs. Trifunac and Luco to the ASLB.

2/ INTERPRETATTIVE CO.9:ISSION STATEPENT ON AMENABILITY TO
SUBPOENA OF CONSULTANTS TO THE ADVISORY CO.91ITTEE ON
REACTOR SAFEGUARDS UNDER 10 CFR 2.720, at 2-3.

3/ TRANSCRIPT, at 4273-4333.
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II.

The request denied by the ASLB is for the issuance of

subpoenas to two acknowledged experts who have criticized

strongly the Staff and Applicant reanalysis of the adequacy

of the seismic design of the DCNPP. That reanalysis is the

central safety issue in the operating license proceeding.

The facts surrounding the reanalysis are set out below in

order to place the question of the issuance of the subpoenas

in proper perspective.

Construction on both units of the DCNPP was well underway

when the existence of a geologic fault offshore and running

within 2-1/2 miles of the DCNPP was confirmed. -4/This fault -

the Hosgri fault - was initially d.iscovered by two exploration

geologists working for Shell Oil Company in the late 1960's.

In 1971-1972, a consultant for the Applicant became aware of

reports of the fault in the scientific literature. By mid-

1973, the existence of the Hosgri fault was disclosed to the

NRC Staff in an amendment to the FSAR. -5/At this time, the

full significance of the Hosgri fault was not known; however,

the NRC Staff requested the U.S. Geological Survey (USGS) to

assess the earthquake potential of the fault. By late 1975,

after extensive study, the USGS concluded that the Hosgri

fault could sustain a 7.5 magnitude earthquake. -6/

4/ A construction permit was issued for Unit 1 in 1968;
for Unit 2, in 1970.

-5/ Application for operating licenses for both Units 1 and
2 were made in July, 1973.

-6/ Supplement No. 4 to the Safety Evaluation Report, Appendix
C (May 1, 1976) [ cited hereinafter as SER].
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sufficient to bring the design up to a
0.6-0.7g capability are impractical. The
design reanalysis could take up to a year
or two to completa. 9/

The Staff concerns were echoed in another internal

memorandum, dated February 20, 1975:

2. The as-built plant has significant margins
in its des gn and it is capable of resistingc

seismic loads well in excess of those
associated with the 0.4g seismic event
assumed for design. The staff is presently
convinced that the design is " good" for
a 0.5g event. However, to convince the
ACRS and others of this will require 3 -
6 months of applicant and staff effort. If
an event in the order of 0.6g need be con-
sidered, it will be possible to show that
many parts of the plant can safely resist
such 1 sds; however, many parts will need
to be r.)dified and very likely for some
of these the modifications will not be
practical. The evaluations to accomplish
such a task, with the rigor that will be
required, will entail years of applicant
and staff effort.

3. The " tone" of the questions and comments
from the ACRS Subcommittee members and
the consultants indicated to me that they
would find a 0.5g value acceptable and could
be convinced that the as-built plant could
adequately resist the increased loads
associated with the event. However, they
are not likely to be convinced unless a
rather complete analysis is performed for
a 0.5g event and the use of our currently
approved seismic design criteria. To date
no such analysis is available; the present

9/ See, Attachment 1
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positions of the applicant and the staff as
to the ability of the plant to adequately
resist a 0.5g event are based on qualitative
assessments supported by a few typical cal-
culations . 10/

In January, 1976, the Staff found itself in practically

the same position. The USGS was maintaining its position

that the appropriate SSE value for the DCNPP was a 7.5 magni-

tude earthquake on the Hosgri fault. Neither the Staff nor

the Applicant had performed an analysis to determine whether

the safety features of DCNPP could withstand the effects of

a 7.5 magnitude earthquake. One thing had changed, however:
11/

~
~~

Unit 1 of the DCNPP was almost ready for fuel loading.

The NRC Staff was without a rationale to support issu-

ance of an operating license. An internal memorandum of

January 12, 1978 sets forth the alternative courses that the

Staff could pursue:

1. Formally request that an independent review
be conducted within USGS to confirm or modify
the current USGS review team finding. Thic
request might be made by Chairman Anders to
the Secretary of the Interior and could, if
legal considerations demand, be based on
generic West Coast concerns rather than the
Diablo Canyon issue alone.

2. Concurrently, form a team of consultants
consisting of men of national stature in the
fields of geology, seismology, and seismic
design to evaluate the situation. This
team might pursue various paths, including:

_1_0/
See, Attachment 2

_1_1/
Supra
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a. Assume that a " great" earthquake could
occur as the USGS review implies and
demonstrate by logic, evidence, and judge-
ment that the energy transfer to the site
would be limited to within the design capa-
bilities of the nuclear plant.

b. An independent evaluation of the evidence
to arrive at a conclusion on the SSE that
might be compared to those of the USGS
review team and the panel of experts
established by licensee.

c. Assess the prospects for upgrading the
plant design to higher SSE values by plastic
analysis and/or structural modifications
and testing.

3. Concurrently, form a task force to review
the current status in an attempt to deter-
mine if a probabilistic basis can be estab-
lished to license Unit 1 for an interim
period of operation while the other reviews
are being conducted.

4. Concurrently, inform the licensee of the
course of action we are pursuing and require
him to pursue similar and/or alternative
courses so that our final decisions may be
made on the basis of our evaluation of his
efforts supplemented by our independent
assessments. 12/

As it turns out, the principle basis for the Staff

position is an analysis that accepts a 7.5 M earthquake on

the Hosgri fault, and then seeks to demonstrate that, for

the most part, the facilities'' response will be limited to
l_3/

within the original design capabilities.

_1_2/
See, Attachment 3

13/ SER, Supp. 4, Section 2.5, 2.8, App C.

With the exception of structural modification to the
turbine building, the replacement of numerous pipe-
hangers, modification to safety related structures
systems and components has been limited. SER, Supp. 7,

Section 3.0-3.10.
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This analysis is principally the work of a single man -

Dr. N.M. Newmark. On his advice, 0.75g was designated the

" effective acceleration" to be used as the zero period limit

to scale the response spectra for the reanalysis. The

spectra were then reduced by varying amounts for those

structures having large foundations (the so-called " tau

effect"), e.g. , the containment building, the turbine building,

etc. Finally, the reanalysis assumes 7% damping in the struc-

tures. The net result is response spectra with reduced zero

period limits equivalent to 0.5g to 0.55g. - the values identified

by the Staff in 1975 as the maximum values that would not neces-
14/

sita e " impractical" modifications.

As the ACRS noted, both selection of 0.75g as the zero

period limit for the design response spectra and the reduction

for the effects of building size are based largely on Dr.

Newmark's " judgement" rather than empirical data and analysis.

Furthermore, use of the tau reduction effect is unique in

nuclear power plant design.

Since there are expected to be significant dif-
ferences between the nature of the ground motions
close to a large earthquake and that at greater
distances, to which most available data apply,
the Staff relied heavily on the experience and
judgement of its consultant, N.M. Newmark, an
acknowledged expert in the field of earthquake
engineering and structural design. On his advice,
an effective zero-period acceleration of 0.75g
was used to determine the free-field response
spectra to be used in engineering analyses.
These spectra were then reduced by varying
amounts to obtain spectra for those structures

~~14/ The re ference is to more than one response spectrum be-
cause there is one for each major structure.
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in the plant having foundations extending over
large areas. This reduction for the effects
of building size is also based largely on judge-
ment and experience rather than on extensive
observations and analyses and has not heretofore
been applied in the design of nuclear power
plants. 15/

rinally, use of a 7% damping factor, while permitted by

Regulatory Guide 1.61, is higher and thus less conservative
16/

than the damping factors used in the original design. --

III.

Following disclosure of the existence of the Hosgri

fault, the ACRS began reconsideration of the DCNPP seismic

design in September, 1974. Thereafter, over the course of

3-1/2 years, the ACRS held several meetings on the matter.

Drs. Trifunac and Luco were employed early-on by the ACRS
17/

to assist in the review of the Staff and Applicant reanalysis. --
18/

From the beginning, -- these two experts raised substantial

--15/ Letter from Stephan Lawroski, Chairman, ACRS, to Joseph
M. Hendrie, Chairman, NRC, dated July 14, 1978, SER Supp.
8, App. B [ cited hereinafter as SER, dapp. 9, App. B].

16/ Supra

--17/ The Applicant asserts that it conducted an independent
reanalysis. The Staff, however, has taken the position
that the Newmark spectra are to control the reanalysis.
Furthermore, it was Dr. Newmark, not the Applicant's
consultants, who selected the 0.75g value for the effec-
tive acceleration, introduced the tau reduction effect,

' e 7% damping in the reanalysis.and approved use of '

--18/ Dr. Trifunac and Dr. Luco's criticisms and recommenda-
tions are set forth in their first written comments
to the ACRS, submitted in October and November, 1976.
Their criticisms remained essentially the same through-
out the review.



, .

11.

in the plant having foundations extending over
large areas. This reduction for the effects
of building size is also based largely on judge-
ment and experience rather than on extensive
observations and analyses and has not heretofore
been applied in the design of nuclear power
plants. 15/

Finally, use of a 7% damping factor, while permitted by

Regulatory Guide 1.61, ir higher and thus less conservative
than the damping factors used in the original design. --16/

III.

Following disclosure of the existence of the Hosgri

fault, the ACRS began reconsideration of the DCNPP seismic

design in September, 1974. Thereafter, over the course of

3-1/2 years, the ACRS held several meetings on the matter.

Drs. Trifunac and Luco were employed early-on by the ACRS

to assist in the review of the Staff and Applicant reanalysis. --17/
18/

From the beginning, these two experts raised substantial

--15/ Letter from Stephan Lawroski, Chairman, ACRS, to Joseph
M. Hendrie, Chairman, NRC, dated July 14, 1978, SER Supp.
8, App. B [ cited hereinafter as SER, Supp. 8, App. B].

16/ Supra

--17/ The Applicant asserts that it conducted an independent
reanalysis. The Staff, hcwever, has taken the position
that the Newmark spectra are to control the reanalysis.
Furthermore, it was Dr. Newmark, not the Applicant's
censultancs, who selected the 0.75g value for the effec-
tive acceleration, introduced the tau reduction effect,
and approved use of the 7% damping in the reanalysis.

--18/ Dr. Trifunac and Dr. Luco's criticisms and recommenda-
tions are set forth in their first written comments
to the ACRS, submitted in October and Novemb ar,1976.
Their criticisms remained essentially the same through-
out the review.
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questions regarding the adequacy of that reanalysis, and in

particular, selection of 0.75g as the " effective acceleration"

zero period limit, introduction of the tau reduction effect,

and use of a 7% damping factor for the structure. In essence

Drs. Trifunac and Luco argued that the Staff and Applicant

approach distorted the analysis and may, therefore, yield

unreliable results.

With respect to use of an " effective acceleration value,"

Dr. Trifunac stated as follows:

The term ' effective peak acceleration' has
been introdoced suggesting that the structure
will see something smaller than actual peak
accelerations. Though such approach may be
useful for earthquake-resistant design of
ordinary structures by means of the response
spectrum technique, the term ' effective peak
acceleration' has not been defined in a way
that would enable the derivation of consistent
results by several different experts in the
field. Since the procedures for scaling Reg.
Guide 160 spectra are based on maximum vibra-
tory acceleration, as defined in Appendix A,
this departure from routine design practices
makes it difficult to evaluate the number and
the nature of the consequences which would
result from such an approach, 19/

On the same subject, Dr. Luco made the following obser-

vations:
A judgemental factor has been used to reduce
the 1.15 peak acceleration recommended in
USGS Circula 672 to a value of 0.75g. This
ill-defined factor has been used in the past
to account for discrepancies in the level of
damage.observeo as compared with the predic-
tions of ordinary seismic analysis which do
not account for the effects of soil-structure
interaction are based on nominal values for
damping and strength, assumed linear behavior

--19/ TRIFUNAC, COMME"TS ON SEISMIC DESIGN LEVELS FOR DIABLO
CANYCN SITE IN CALIFORNIA, (April, 1978), at 2-3 [ cited
hereinafter as TRIFUNAC] - Attachment 4.



, >

13.

and do not include energy dissipation in parti-
tions and other non-structural elements. This
' catch-all' reduction factor has no place in
the design of carefully analyzed structures,
such as those in nuclear power plants. 20/

With respect to the tau reduction effect, Dr. Trifunac

concludes that the approach adopted, (a) requires unrealistic

assumptions; (b) results in a one-sided analysis considering

only the reduction effects; and (c) requires reliance on

assumptions inconsistent with those used to evaluate the

" effective acceleration."

Scattering and diffraction of high-frequency
waves from the foundations of different plant
structures has been proposed as a vehicle to
justify reduction of high-frequency spectra
amplitudes (tau effect). The manner in which
this reduction has been effected requires un-
realistic assumptions, for example, that the
foundation is rigid. The manner in which this
assumption is introduced into analysis is often
one-sided and considers mainly only those con-
sequences of the physical phenomena which lead
to reduction of spectral amplitudes. Other
consequences of this phenomena, for example,
torsional and rockinc excitation of foundations
which may amplify the structural response have
been so far either overlooked or treated inade-
quately. This has been achieved by utilization
of dynamic models for analysis which are so defined
that only an incomplete physics of the problem, i.e.,
seismic excitation and the structural response,
can be considered.

* * *

Hypocentral rather ^aan distance closest to
the fault have been ased to evaluate peak and
effective peak acceleration. This assumption
implies certain angles of approach of seismic
wave energy. These angles of approach should
then be consistent with the extent to which tau

~~20/ LUCO, REVIEW CF THE SEISMIC EVALUATION FOR POSTULATED
7.5 M HOSGRI EARTHQUAKE, UNITS 1& 2, DIABLO CANYON SITE
(May 30, 1978), at 2-3 [ cited hereinafter as LUCO) -
Attachment 5.
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effect is alloued to influence the spectral
amplitude. Little or no attention seems to hare
been given to mutual consistency of these assump-
tions, and in some cases, inconsistent assumptions
have been utilized. For example, hypocenter will
increase the distance: at which peak acceleration
is evaluated, thus reducing the estimated peak
acceleration. This would, however, also imply

that waves arrive toward the foundation almost
vertically. In consideration of tau effect,

however, horizontal dimensions of foundations
appear to have been used implying horizontal
incident waves. 21/

Dr. Luco similarly concludes that the Staff and Applicant

approach for the tan reduction effect relys on the questionable
assumption of horizontally incident waves and, further, that

the approach fails to consider adequately the torsional
excitation associated with horizontally incident waves.

LThe high-feguency comp ,nents of the free
field motion have been reduced by the so-called
' tau filtering procedure' to account by the
scattering of waves by the supposedly rigid
foundation. This correction amounts to a
reduction of the Newmark free field design
spectrum by 20s to 30% for frequencies higher
than two cps, cycles per second. Slightly

lower reductions have been used in the Blume
The correction for large foundationspectrum.

scattering effects is based on assumptions of
a rigid foundation and horizontally propagating
SH waves. Although the assumption of a rigid
foundation may be reasonable, it must be recog-
nized that deviations from the assumption lead .

to localized higher stresses in the lower por-
tions of the different structures. The assump-

tion of horizontally incident SH waves is highly
questionable, considering that the epicentral
distance is comparable with the focal length.
Under these conditions, the possibility of nearly
vertically incident waves may not be ruled out.
For verticially incident waves, the scattering
by the foundation is practically nonexistent,
given the shallow embedment.

_2_1/
TRIFUNAC, at 2-3
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Assuming for the si.ke of the argument that
t.t seismic excitation at the sites corresponds
to horizontally incident SH waves, I find that
the reductions proposed by Newmark and Blume are
tr a high when compared with analytical solutions.
Far horizontally incident SH waves, the reduction
of the translational componer 2 , of motion is
coupled with the existence of a marked torsion
input to the structure.

* * *

The Applicant has included accidental eccen-
tricities of five to seven percent to repre-
sent these torsional effects,

* * *

From the point of view of the analysis of the
structural response, it does not seem adequate
to introduce the torsional input through the use
of accidental eccentricities. Such procedure,
which leads to the coupling of the torsional and
translational response, in essentially symmetrical
structures, distorts the response of the. natural
frequencies of the system. The effects of the
torsional input may be significant for the turbine
building in which the possibility of portion of
the structure undergoing inelastic deformation
may increase with eccentricity.

* * *

If it is shown that the seismic excitation of
the site corresponds mainly to horizontally inci-
dent waves, the reductions of the translational
and torsional response should be evaluated on
the basis of the more exact methods presently
available. To include an exaggerated reduction of
the translational motion without incorporating
the full torsional effects is improper. 22/

* * *

Jn the Staff and Applicant's reliance on a 7% damping

factor, Dr. Trifunac concludes as follows:

_2_2/
LUCO, at 3-6
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The large damping equal to seven percent has
been adopted for dynamic response calculations.
Though the apparent damping for the complete
soil-structure system subjected to carthquake
excitation may be larger than seven percent
inadequate basis has been presented to justify
seven percent damping in structural systems only.
Selection of too large structural damping coupled
with only two dimensional or simple three dimen-
sional analysis of soil-structure interaction can
lead to unreliable response estimates. 23/

Finally , ov a. 2-s . Trifunac and Luco set out specific

recommendations for the derivation of response spectra to be

used in the reanalysis. Their recommendations, almost iden-

tical in content, are for an approach that, in their view, is
'24/

more reliable that the Staff and Applicant approach. --

IV.

Without having formally responded to the matters raised

by Drs. Trifunac and Luco, the NRC Staff, in the Spring of 1977,

gave the "go-ahead" to the Applicant to begin the reanalysis

and, where necessary, the modification of the DCNPP using

_2_3/ TRIFUNAC, at 3-4
.

24/ The Applicant has sought to dismiss Dr. Trifunac's criti-
cisms on the grounds that they are simply a matter of
" fine tuning," TRANSCRIPT, at 4312. The Applicant argues
that Dr. Trifunac fundamentally agrees with their posi-
tion: both Dr. Trifunac and the Applicant conclude that
a 6.5 M earthquake should be designated as the SSE. This
argument is dissembling. Designatio: of a magnitude for
the SSE is only one of numerous steps that must be taken
to derive response spectra for the reanalysis. The
bottom-line question then, is how would Dr. Trifunac's
(cr Dr. Luco's) response spectra compare with those
derived by the Applicant or Staff? That comparison has
never been made.
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the Newmark response spectra as the controlling design cri-

teria. --25/ The ACRS continued its review of the facility,

holding several meetings at which Drs. Trifunac and Luco con-

tinued to question the Staff and Applicant methods. At no

time during the period of reanalysis and testimony did the

ACRS issue any statement or document approving the criteria

adopted by the Staff for the reanalysis.

On May 26, 1978, the Staff issued Supplement 7 to the

Safety P74alus' ion Report, which reflected the Staff's conclu-

sions resulting from two years of reanalysis and testing of

the facility. Essentially, the Staff concluded that DCNPP was

ready to cperate. --26/ After holding a final set of hearings

in June, 1978, the ACRS, on July 14, 1978, wrote to the

Commission that "without endorsing all details of the NRC seismic

design basis and criteria, the use of the Staff approach leads
to an acceptable level of safety in this instance."

.

Nothwithstanding issuance of the ACRS sign-off, Dru.

Trifunac and Luco did not withdraw or change their comments

regarding the defficiencies in the Staff and Applicant analysis.

25/ The Applicant was permitted to use the Blum (Applicant's
consultant) spectra only where it exceeded the Newmark--

spectra. Thus, Newmark's spectra set the minimum accep-
table level of design.

--26/
Numerous items were left unresolved in Supp. 7. The
pendancy of these items, however, did not affect'the
Staff's basic conclusicn that the DCNPP was ready to
operate. Many of the open items were l'ted " cleaned-
up" in Supp. 8, issued in November, 197b three weeks
before commencement of the evidentiary hearings.
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design basis and criteria, the use of the Staff approach leads

to an acceptable level of safety in this instance."

Nothwithstanding issuance of the ACRS sign-off, Drs.

Trifunac and Luco did not withdraw or change their comnents

regarding the defficiencies in the Staff and Applicant analysis.

25/ The Applicant was permitted to use the Blum (Applicant's
consultant) spectra only where it exceeded the Newmark

--

spectra. Thus, Newmark's spectra set the minimum accep-
table level of design.

26/ Numerous items were left unresolved in Supp. 7. The
pendancy of these items, however, did n.t affect'the
Staff's basic conclusion that the DC"PP was ready to
operate. Many of the open items were lated " cleaned-
up" in Supp. 8, issued in November, 1978, three weeks
before commencement of the evidentiary hearings.
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V.

The Appeal Board's authority to direct certification of

a legal issue or a licensing board ruling is well established. --27/

It is equally well established that the authority will be used

sparingly. Normally, the Appeal Board will not monitor the

day-to-day conduct of licensing proceedings through the

directed certification of legal issues of licensing board
'28/

rulings. -- However, the Appeal Board will direct certifica-

tion where a prompt decision is needed to prevent detriment

to the public interest or to avoid unnecessary delay and

expense.

Directed certification should be granted in this case.

In the first place, the public interest is best served by

immediate review of the ASLB decision belot. The central

safety issue raised in this proceeding is the adequacy of

DCNPP's seismic design. This is an operating license pro-

ceeding. Commission rules make a licensing board decision,

approving the application for an operating license, immediately

effective. 10 CRF 2.764. Unless a stay is later granted, this

plant may well commence operating without due consideration

27/ See, 10 CFR 2. 718 (i) ; Public Service Co. of New Hampshire
(Seabrook Station, Units 1 & 21, ALAB-271, 1 NRC 478 (1975).

28/ Pacific Gas & Electric Co. (Diablo Canyon Nuclear Power
--

Plant, Units 1 & 21, ALAB-514, 8 NRC (December 22, 1978);

Toledo Edison Co. (Davis Besse Nuclear" Power Station)
ALAB-300, 2 NRC 752 (1975); Seabrook, supra, at 483.
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Toledo Edisen Co. (Davis Besse Nuclear Power Station)
ALA3-300, 2 SRC 751 (1975); Seabrock, supra, at 483.
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having been given to the opinion of two experts, who are

as knowledgable as anyone on the critical safety issue

facing this facility.

The instant the facility goes critical, large numbers

of systems and components, essential to safety, become

radioactive. The contamination of those systems and components

will figure in any future calculus relating to seismic

design. Despite paper assurances to the contrary, common

experience teaches that radioactive contamination will brunt

otherwise compelling arguments that design modifications are

needed.

The ASLB's solution - incorporating into the record the

written comments of Drs. Trifunac and Luco - does not satisfy

the need to consider fully and fairly the opinions of these

two experts. As the transcript makes clear, each party has

its own interpretation as to the meaning of the Trifunac and

Luco comments. --29/There is no reason why, on the face

of the matter, the ASLB should give more weight to one party's

interpretation than to another's. The only way to give fair and

full consideration to the opinions of Drs. Trifunac and Luco

is to subpoena them to the proceeding, permit all parties

(and the ASLB) to examine them, and let them speak for them-

selves.

29/ TRANSCRIPT, at 4312-14
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Second, immediate review of the ASLB decision may well

avoid unnecessary delay and expense. The arguments in favor

of subpoenaing Drs. Trifunac and Luco are compelling. First,

the DCNPP is to be licensed on the basis of an analysis that

seeks to demonstrate that, with few modifications, the as-

built plant can withstand an earthquake substantially larger

than that to which it was originally designed and constructed.

Second, Drs. Trifunac and Luco, both intimately familiar with

the facts surrounding the DNCPP seismic issue and both acknow-

ledged experts in earthquake engineering, have criticized

methods and assumptions essential to that analysis. Third,

assuring the adequacy of the DCNPP seismic design is extremely

important.

If'the Appeal Board refuses to review this matter now,

it will likely face the issue later - most probably in the

context of a motion to stay operation of the facility. Should

the Joint Intervenors position prevail, as we believe it must,

the case will have to be remanded. Susbstantial time and

expense that could have been saved by early resolution of the

issue, will, instead, have been lost. We are mindful that

the policy that discourages Appeal Board review of "interlocu-

tory" rulings, " acknowledges and accepts the risks which attend

[upon] a deferral to the time of initial decision of the

appellate review of procedural rulings made during the course

of trial." Diablo Canyon, supra, (slip opinion, at 4), citing
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Davis Besse,' supra, at 100. In this case, however, the facts

require the Appeal Board to take the exceptional step and

direct certification of the issue set forth above.

Respectfully submitted,

* J

V

David S. Fleischaker, Esq.
1025 Fifteenth Street, N.W.
Suite 502
Washington, D.C. 20005
(202) 638-6070

John R. Phillips, Esq.
Steven Kristovich, Esq.

CENTER FOR LAW IN
THE PUBLIC INTEREST
13203 Santa Monica Boulevard
Los Angeles, California 90067

Attorneys For Joint Intervenors
SCENIC SHORLINE PRESERVATION
CONFERENCE, INC.

SAN LUIS OBISPO MOTHERS FOR PEACE
ECOLOGY ACTION CLUB
SANDRA A. SILVER
JOHN J. FORSTER
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The follouing comments deal with scismic design criteria for the
'

Diablo Canyon site in California and represent a brief summary of

my observations and prelitinary conclusions which are based on

misec11ancous written material and on a number of meetings during

the period starting in the summer of 1977 and ending in April of

1978. Information_which I had on certain aspects of this effort

may be incomp]cte. The general picture and the summaries of the

current status of this project neverthc1 css seem adequate for the

following comments and recommendations.

Much has been written about detailed aspects of scismic design

criteria for the Diablo Canyon site and it wculd be impractical to

address again numerous points in detail and completely. Rather, I

will attempt to present an overall summary of what I belicyc to be

unresolved problems at present, and what might be possible avenues

to resolve them.
'

General Conments on the Current Inputs and Criteria for Scismic Design

1. Generally accepted assumption appears to be that the SSE on

llosgri fault opposite the plant site should be an M = 7.5 carth-

quake. This magnitude, recommended by USGS, has been determined

mainly on the basis of the possibic length of faulting on the

!!osgri fault system.

2. Since M = 7.5 at a distance of 5 - 10 km from the site Icads to

large peak acceleration (about 1 g) considerabic effort has
'

been devoted to the analyses which are des'igned to show that
,

.
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these large amplitudes can and may be reduced through considera-

tion of the following phenomena:

a) Scattering and diffraction of high frequency waves from the

foundations of different plant structures has been proposed

as a vehicle to justify reduction of high frequency spectral

amplitudes (t effect). The canner in which this reduction

.
has been affected requires unrealistic assumptions, for ex-

ampic, that foundation is rigid. The manner in which this
C

assemption is introduced into analysis if often one-sided

and considers nainly only those consequences of the physical

pheno =ena which'1 cad to reduction of spectral amplitudes.

Other consequences of this phenomenon, for ex =ple, torsional

and rocking excitations of foundation which may amplify the'

structural response have been, so far, either overlooked or

treated inadequately. This has been achieved by utili:ntion

of dynamic nodels for analysis which are so defined that only

an inco=picte physics of the probica, i.e., scis=ic excita-

tion and the structural response, can be considered.

b) The term " effective peak acceleration" has been introduced

suggesting that tIie structure will "sec" se=ething s=:11er

- than actual peak ..ccelerntion. Though such approach may be

useful for carthquake resistent design of ordinary structures

by means of the response spectrum technique, the term " effec-

tive peak acceleration" has not been defined in a way that

would enahic the derivation of consistent results by several
.
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different experts in the field. ,Since the procedures for

scaling Regulatory Guide 1.60 spectra are based on " maximum

vibratory ground acceleration" (as defined in Appendix A)

this departure from routine design practices makes it diffi-

cult to evaluate the number and the nature of the consequences

which would result from such an approach.

c) !!ypocentral rather than distance closest to the fault has

been used to evaluate peak and effective peak acceleration.

This assumption implies certain ang1cs of approach of scismic

wave energy. These ang1cs of approach should then be con-

sistent with the extent to which "T effect" is allowed to

influence the spectral amplitudes. Littic or no attention

seems to have been given to mutual consistency of these

assumptions anc in some cases, inconsistent assumptions have

been utilized. For example, deep hypocenter would increase

the distance at which peak acceleration is evaluated, thus

reducing the estimate of peak acceleration amplitudes. This

would, however, also imply that the waves arrive towards the

foundation almost verti.cally. In consideration of "I cffcet"

however, horizontal dimensions of foundations appear to have
'

been used implying horizontal incidence of waves.-

d) The large damping equal to 7'. has been adopted for dynamic

1esponse calculations. Though the apparent damping for

the co.mplete soil-structure system, subjected to carthquake

excitation may he much larger than 'M, inadequate basis has

been presented to justify 7t damping in structural systems
,
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only. Scicction of too large structural damping coupled with'

only two-dimensional or simpic three-dimensional analysis

of soil-structure interaction can Icad to unreliabic response
.

estimates.

3. At Icast three seismic risk studies have been prepared to estimate

the probability of execeding the selected design criteria at the-

Diablo Canyon site (Blume, Ang and Newmark, Anderson and Trifunac).

These studies have produced results which, in some cases, differ

by as much as two orders of magnitude. Concurrent with the com-

parisons of these studies, considerabic effort has been devoted

to different details in the nethodology emp,loyed in these calcula-

tions. Littic or no explicit effort and discussion has been de-

voted to the modcIs of scismicity which are essential input into
.

,

such calculations, even though this may represent the most impor-

tant contribution to the discrepancies among the results of

different studies. In some extreme cases (e.g., report by Blume

and Kircmidjian) claborate work has been carried out, apparently
,

in vain, to show that a particular method fo.r scaling peak accel-

cration (Trifunac,1976) supposedly 1 cads to "too large" estimates

of peak acceleration irregardless of the fact that those results

of Trifunac (1976) have never been used and do not represent a

basis for the derivation of scismic risk models by Anderson and

Tri funae . In the report by Ang and Newmark, subs:antially

smaller than average seismicity has been assumed near the site.

This may Icad to an underestimate of actual risk.
.
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Recommendations
/

A. Ground Motion:

1. Deterministic approach based on tl:e assumption that an

carthquake of magnitude M = 7.5 or gre.ater will occur oppo-

site the plant site should be re-evaluated. This magnitude

might be an indicator of the extent of geologic faulting

phenomena but it is not necessarily the most reliable basis

for evaluating the nature of strong shaking close to the

fault. There are numerous examples in literature of sig-

nificant differencer between M and M , for example, whichg 3

are based on short and long period scismic waves, respectively.
~

Often studies have shown that larger earthquakes may be

thought of as a sequence of several or many discrete events

which can sequentially take place along a long fault. Finally,

the largest recorded acccicration, so far, has resulted for

M ~ 6.5 only. For these reasons, and from the design view-g

point, I would prefer to adopt M = 6.5 on !!osgri opposite the

site and r.at M = 7.3.

2. Near-f'.cid source theory (not a finite element or finite

difference model of the source and its surroundings) could

be used in conjunction with the spectral analysis of strong

motions recorded elsewhere to evaluate the amplitudes of

response spectra independent of peak acceleration estimates
'

or of seismic risk analyses.

.
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B. Ilesnonse: ,

1. Three-dimensional coil-structure interaction analysis should

be carried out. This should be donc assuming that the frev-

field response spectra f.r design result from incident Sil, SV-

or Rayleigh waves. For Sil and SV cxcitation, horizontal,

vertical and 45' incidence analysis s'iould be considered. This

approach voeld offer the followint, advantages:

The "T cffect" if present will be accounted for correctly.a.

b. Torsional and rocking excit::tions will be included into

the analysis correctly.

The proximity of the earthquake source and the fact thatc.

the waves most likely arrive horizontally will be accounted

for correctly.

d. The radiation damping in the soil will be introduced into

analysis properly so that the high value of 7'e for struc-
*

tures would not be required.

.

Except for the fact that 7 ', damping is permissibic according to the*

regulating guide 1.61, this high structural danping recommended fer
the seismic analysis at the Diablo Canyon site has not been justi-
fled. Forced vib:.. tion test (available in 11.:.. and Japan) data,
where the effect of soil-structure interact ion and different mode
of energy input into t he st ruc t ure during ..n. experiment , relative
to incident earthiguake waves is not accounted for, may be of little
tu.e in c:.tabl i:.hing t he act ual damping. in st ructor. s and their
co:aponent s for sei smic response calculation

. __

!.

\ ;



<
e j .

, .

.
- (. .

' '

'~ .. . . a..... ........ .

ATTACHMENT 5-

j. Page 1 of 19s .
,

.
. .

'
-

. .
,

.

REVIEW OF TIIE ' SEISMIC EVALUATION FOR

- POSTULATED 7.5M 110SCRI EART!!QUA):E,
,

UNITS 1 AND 2, DIABLO CANYON SITE'
.

. by .

< J. Enrique Luco
'

I
g, tQ,p

\
>A6 n.

^% ' s"L.
*-

~f ggt
-.

g -2g
p ).#j

.

S d'

.- -

r?i
-

t

r/~.

A Report to the Advisory Com:nittee on Reactor Safeguards
U. S. Nuc1 car Regulatory Commission. .

.- .

.

.

-
.

'
s

. .

.

. .

.
-

.

.

-
.

30 May 197S
.

.

.

.

.

..

W*

t

I-

e-,
* I

\



-
.

. . . . . . .

. . .

-
. .

'

ATTACHMENT 5* *

I'. .
*

Page 2 of*19
,

i .

REVIDI AND REC 0!NENDATIO.'!S
.

After detailed review of the report 'Scismic Evaluation for

Postulated 7.5M !!osgri Earthquake' (Ref.1), I have the following

comments and recommendations : .-
1. Free-Fi eld Desi nn Spectrum. In my opinion, the free-

field design spectrum used for re-evaluation of the Diablo Canyon
Nuc1 car Power Plant does not reflect the strong notion at the site

for a 7.5 magnitude carthquake at an epicentral distance of 5
.

hilometers, but rather the motion for a 6.5M carthquake at that

distance. The free-field design spectrum developed by Newmark
.

and adopted by NRC corresponds to a simplified version of the

average cf the two Pacoima Dam spectra recorded during the 6.5M

San Fernando carthquake with the high-frequency portion reduced

by use of an 'cffective' peak acceleration (Fig. 1). The Elume

design spectrum developed for the applicant closely follows the

Newmark spectrum. The peak.accelerati,on, velocity and displace-
/

nont controlling the high, intc~rmediate and low frequency portions

of the Newmark design spectrum are in agreement with the avernic

(50; percentile) peak valdes obtained by Trifunac (Ref. 2) for a
6.5M carthquake'while falling short by 40 to 60 percent from the

corresponding values for a 7.5M carthquake (Tabic 1). The peak

values consistent with the Neumark spectrum are also considerably.

louer than those suggested in USGS circular 672 (Ref. 3) as shown

in Tabic 1. In addition, compari:.en of the Newmark and Blume de-
forsign spectra uith estimates of the average response spectrum

.
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c 7.5M c'arthquake as obtained by Trifunac (Ref. 4) also shows

differences of the order of 30 to 50 percent (Fig. 2) .

The applicant has indicated that the thrust fault mechanism

and the location of the Prcoima Dam instrument in the San .

Fernando carthquake may have increased the recorded peak accci-

eration. These possibic effcets are negligibic in view of the
fact that the standard deviation for peak accelerations, which '

has not been considered, corresponds to a factor of 2. Also, the

records for the Ms=7.2 Gazli, Russia carthquake of 1976 indicate a
epicentral distance of- peak horizontal accaleration of 0.Sg at at

10 kilometers. Correcting for attenuation using the Gutenberg's

relation leads to a peak acceleration of 1.0g at 5 kilometers for
the Ga:li carthquake in general agreement with the results of

Trifunac and the USGS recommendation (Tabic 1)..

In view of these facts, I must conclude that the Newmark and

Blune design spectra do not, correspond to the ground motion for a

7.5M carthquake at an epicentraf distance of 5 kilometers. I pro-

pose that the estimate of the . average responsc s'pectrum for M=7.5,
,

5 kilometers, epicentral distance and rock sites of Trifunac (Ref.

4) be used as design spectrum. This spectrum is consistent with

the only records availabic for large magnitude and short epicen-
.

tral distances (San Fernando, Koyna and Gaali) as well as with the

USGS circular 672 recomracndations.
.

2. 'Eficctive' Peak Acceleration. A judgnental factor has

been used to reduce the 1.15g peak acceleration recoe.:nended in

USGS circular 672 to a value of 0.75p. This ill-defined factor

.
.
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has bec,n used in the past to account for discrepancies on the'

Icyc1 of damage observed as compared with the predictions of

ordinary scismic analyses which do no,t account for the effects of-

soil-structure interaction, are based on nominal values for damp-

ing and strength, assume linear behaviour and do not include the

energy dissipation in partitions and other non-structural cle-

nents. This catch-all reduction factor has no place in the de-

. sign of carefully analyzed structures such as those in nuclear

power plants. Factors which may reduce the response or the level

of damage should be identified and properly included in the struc-

turni models. In the case of Diablo Canyon. m.'ny of these factors

have already been incorporated in the analysis: use of test

strength rather than nominni values, use of higher than common
,

danping va1ues, reduction by scattering of waves by large founda-.
,

tions and pos-ibic inclusion of ductility. The arbitrary reductier.

of the high-frequency components of motion affects the response

piping and equipment. I recon ='end the. climination of this reduc-

tion of the input motion. -

3. On the Effect of Scattering of Waves by Rigid Foundation < .

The high-frequency components of the free-field motion have been

reduced by the so-called tau-filtering procedure to account by the

scattering of waves by the supposedly rigid foundations. This

correction amounts to a reduction of the Newmark free-field design

spectrum by 20 to 30 percent for frequencies higher than 2 cps.

Slightly )cuer reductions have been used in the Illuac 's spectrum.
The correction for foundation scattering ef fects is based on the

-

.
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ynssumption of a rigid foundation and horizontally propagating S!!
Although the assumpt' ion of a rigid foundation may be ren-waves.

.

sonabic, it must be recognized that deviations from the assumption~

1 cad to localized higher stresses in the lower portions of the

different structures. The assumption of horizontally incident SH

waves is highly questionable considering that the epicentral dis-

tance is comparabic with the focal depth. Under these conditions,

the possibility of nearly vertically incident . waves may not be

ruled out. For vertically incident waves the scattering by the

foundations is practically nonexistent given the shallow embed-
*

ment.

. Assuming for the sake of the argument that the scisnic exci-
'

tation at the site corresponds tv horizontally incident SH waves,
- I find that the reductions proposed by Newmark and Blume are too

high when compared with analytical solutions. For horizontally
'

incident S11 waves the reduction of the translational components

of motion is coupled with the yxistence of a marked torsional
input to the structure-(for details refer to the attached papers,

'

Tlle applicant has included ' accidental' cecentricitics of 5 and 7
,

pcycent to represent these torsional effects. , The use of an
eccentricity of 5 percent corresponds to the use of a peak tor-

' he base of the containment of the ordersional acceleration at t

2 as may be inferred from Tabic 4-5 of Ref. 1.of 0.025 rad /sec
This torsional acceleration corresponds to a tangential acceler-

ntion at the base of the containment exterior.of 0.025 x 70/32=~

0.05g. The results of Ray and Jhaveri of URS/nlume presented in
.

4.'

...
,

*
.
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'
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. . . . . .
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Fig. 56 of Appendix D30A, but not used in the an:1ysis, show that
,

a peak torsional acceleration cf the order of 0.1 rad /sec corres-
the base of the con-ponding to a peak tangential accelerstion at

tainment exterier of 0.2: would be nore :ppropriate. It cay be

the use of a 5 percent eccentricity underestimatesconcluded that
' This observation is con-the torsional input by a factor of four.

sistent with the original vork of Newmark (Ref. 5) which indicates

. that an eccentricity of the order of 25 percent would be necessary
the torsional effects induced by horizontally propa-to represent

gating 511 vaves. It must be centioned that the increase in pech
.

acceleration of 0.2g bcsed on a core reclistic esti= ate of the

torsional input nore than co=pensates for the reduction by tau-
'

exterior.filtering fron 0.75g to 0.67; for the cont. innent?

Fron the peint of view of the nn:1ysis of the structural re-
it does not seem adequate to introduce the torsional input.

~.

sponse,
Such procedurethrough the use of ' accidental' eccentricitics.

which 1 cads to the coupling of the tors,ional and trans1ction 1 re-

sponse in essentially synectric structures distorts the respons e
The effects of the ter-and the n:tur:1 frequencios of the systen.

for the turbine building in whichsional input may be significant
the possibility of portions of the structure undergoing inciastic
deformations may increase the eccentricity.

5f it is shown that the sciscic excitation :: the site cor-
responds ncinly to horizontally incident unves, t! e reductions of

cvaluated onthe translaticnal and torsional response should b
To

the basis of the cere exact methods presently av ilabic.
,

-
.
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include an exaggerated reduction of the translational motion with-

out incorporating the full torsional effects is improper. '

4. Soil-Structure Interaction. In Appendix D-LL3A of Ref.1,

the applicant presr a a comparison of the results obtained by the

fixed base analysis of the axisymmetric containment model with tae-

filtered spectra as input (F.B.Axisym.) with those obtained from a

soil-stIucture interaction finite cicment model with the Newmark
free-field motion (without tau-filtering) used as surface control

' motion (PLUSli-SSI). Eased o>. the results shown in Fig. 3A-1 cf

Appendix D-LL3A, the applicant concluded that 'the use of tau-

filtered inputs with fixed base models as used for scismic analyses

of Diablo Canyon ~ structures is -conservative. ' This comparison is

not valid, and the c'enclusion is not warranted by the ana2ysis.

For a valid comparison, we must require that the fixed base axis-

ymmetric analysis and the fixed base PLUSil analysis give essentia11;

the same response everyuhcre except at high frequencies where the

fixed base PLUSil results not.ideluding the tau-filtering should be

slightly higher. This is not the case as shown in Fig. 3 of this

report obtained from results shoun in Figs. 3A-1 and 3B-5 of

Appendices D-LL3A and D-LL3B. Since the fixed base PLUS!! model

is inconsistent with the fixed base axisymmetric model, no valid

conclusiory as to the effects of soil-structure interaction can be
obtained by comparisons of the type shown in Fig. 3A-1. It must

be mentioned that it has been shoun that two-dimensional models

such as PLUS!! may underestir. tate the response at the top of the

structure by 30 to 50 percent.

6.
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| In Appendix D-LL3D, comparisons are presented of the . response

for a fixed base and an SSI model both computed using PLUS!! and

the Neumark free field spectrum (uithout tau- fil tering) as control

notion on the frec-surf ace. Assuming that the results presented

arc internally consistent, it is possibic to draw some tentative

conclusions. Fig. 3D-2 of Appendix 5 ~ ~ ~3 indicates that the peak

acccierations on the containment exterior obtained including the

SSI cffects are approximately 10 percent lower than those obtained

on a rigid base. Since the SSI results automatically include the

effects of scattering of vaves by the foundation as well as the
'

effects of radiation damping into the soil, it may be concluded'

that the reduction of 20 percent (0.75g to 0.6g)' by tau-effect

proposed by Newmark and a sinilar reduction used by Blume are not
,

conservative. Figs. 3D-3 and 3B-4 of the same Appendix indicate
.

that the story shcar forces and overturning moments on the contain-
.

nent exterior obtained incipding the SSI arc equal or slightly
Inhigher than those obtained for the rigid base PLUS!! model.

.!
this case, any reduction of the fixed base results by tau-filterir.g

.

woul'd underestimate the stresses in the structure.
Assuming that the PLUS!! results are correct and consistent,

it may be concluded that the tau reduction proposed by Newmark and

Blume overestimates the reduction effects of wave scattering and

soil-structure interaction for vertically incirlent shcar unves.

In particular, the s tresses computed on the basis of spectra re-
duced by tau-filtering would underestimate the stresses that re-

sult from the SSI PLU31! analysis by at Icast 20 percent.
.
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The applicant has indic*atcJ that the shcar wave velocity at

the site exceeds 3600 f t/sec. The low-strain and iterated (or

strain dependent) shear waves velocitics used in the PLUS!! SSI

mode) are not reported. I request that this information be made

availabic. In Appendix DLL-15 -(Amendment S3), a uniform shear

unvc velocity of 3500 ft/sec. *is used.
I rec.,mmend that the tau-filtering approach be clininated

three-dimensionsi soil-structure an:1ys'is forand that a complett.

vertical and horizontally incident S!! waves be undertaken. This

approach will have the advantage of producing realistic estimates
. of the wave scattering and torsional effects.

The peak spectral response'for the PLUS!! fixed base analysis

occurs at a frequency of S.3 cps chile the corresponding frequency
.

for the axisymmetric fixed base analysis is 4.5 cps, indicating a
.

difference of IS percent. If this difference reficcts the accur-
acy with which the fixed base fundamental frequency can be compu-

'* .- .

ted, then it would seem that the peak widening of the floor re-

sponse spectra of S percent on the high frequency side nay be in-
ThePLUSilSShresonant frequency is IS percent lowersufficient.

than the PLUSil fixed base ' frequency. This again sects to indicate

that the 15 percent peak videning of floor response spectra on the
.

Iow frequei. ',- . uc is not sufficient.

S. Scisnic nisl: Analyses. Several scismic risk analyses for

the Diablo Canyon site have been perforned. The estimates cbteined

for the probability of excedance of the !!os gri design spect rum di f-

fer by two orders of nagnitude. The applicant (Appendix D-LL 11)

*8.
.
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esticates that the probability of excacding an 'offective' accci-.

.

cration of 0.75g in 50 years is 0.1 percent. Anderson and Trifunuc
(P.cf. 5) estimate that the probability of exceeding the high-

*

frequency portion ci the llosgri design spectrum in 50 years varies

from 10 to 20 percent, depending on the scismicity model considered

The difference corresponding to a factor of 100 to 200 can be ana-
ly:cd by considering the following factors:

(i) The applicant considers the probability of excedance

of an 'cffective' acceleration of 0.75g while Ander-

son and Trifunac use as a basis of reference the
'

'

O.75g llosgri design spectrum. The use by the ap-
plicant of an 'cffective' rather than ' instrumental'

acceleration of 0.75g reduces the probability of ex-
, cedance by a factor of four.

,

(ii) The use of Blume's SAM-IV and SAN-V attenuation re-
lations as opposed to the use of the Trifunac's re-

lations leads to re_ duction of the probability of
,

excedance by a factor of ten.

(iii) The rest of th,e differences corresponding to a fac-

tor of 2.5-4 can be attributed to the different
scismicity nodels considereu.

, ,

!!aving isolated the causes of the discrepancies in rish es ti-,

cation, I will discuss thca in detail. I have indicated that the

' reduction of the peak acce]cration to an ' effective' icyc1 should

not be used in the analysis of nucicar power pla::ts. For the pur-

pot.c of es tin:ating the risF. of exceeding the !!os tri design spec t ru:::,

.
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the anchor acceleration of 4.75 should be treated as actuol peak
~

acceleration. In this case, the probability of excedance in 50
years as obtained by Blune's analyr.is would be of the order of 0.4

percent (refer to Tabic 11.8, D-LL 11) rather than 0.1 percent.

The main source of differences in scismic risk estimates can
be associated with the type of acceleration-cagnitude-distance
relation used. The applicant's risk analysis is based on the use
of the Bluce 's SAM-IV and SAM-V procedure. In ny opinion, this'

procedure Icads to accelcrations which da not reficct the strong

notion in the near source region of large magnitude carthquakes.

If one considers .the three largest carthquakes for which records
were obtained in the 'nca. source region, one finds that the ob-

served peak accelerations are three to ten times larger than thos e
predicted by the SAM IV-V procedure (Tabic 2). Since the standard

deviation for peak accelerations corresponds approximately to a

factor of two, it may be cojn cluded that the SAM procedure is not
.

valid in the near source region'of large carthquakes. Tabic 2

indicates that Trifunac's relations 1 cad to accurate estimates of
the observed peak accclcrations (the average ratio of observed to

predicted peak acceleration is 1.07). Fig. 41-I of Appendix D-LL

41 shous that the use of the SAM procedurc Icads to probabilitics

that are 10 times louer than those obtained on the basis of the
Trifunac's.rclations for the same sciscicity model. The scisni-

city nodel described in Appendix D-LL 11 Icads then to a probabil-

ity of exceeding a peak acceleration of 0.75g in 50 years of the
order of 4 percent.

'.
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The seisnicity model used in Appendix D-LL 11 is based on the,.

scisnic recurrence relation obtained by Smith for Central Coastal

California (Appendix D-LL 11A). These recurrence relations arc

based on the scismicity during the period 1930-1975 and do not in-

clude the 7.2M 1927 carthquake in the region. The recurrence curves

as shoun in Fig. 11A-2 of Appendix D-LL 11A underestinate the

number of carthquakes with nagnitudes larger than six, and are

based on a nominal value for the parameter b of 0.92. Additional
-

study by Srith (Appendix D-LL 45A) indicates that a more appropri-

ate value for b would be 0.8S6. The parancter b which controls the

relative contribution of the high nagnitude carthquakes to the total

scisnicity has n' strong effect on the calculated risk. The use of

b=0.CS6 would increase the calculated probabilitics by a factor of

two (refer to Tabic 4 5.3 of Appendix D-LL 4 5) .'

The scisnicity model considered in Appendix D-LL 11 is consis-
.

tent with the scismicity obtained in Appendix D-LL 41 using the ,

a=2.S0geologic record of fault dislo, cation (a,=3.12 in D-LL 11,
.

4 6
based on 10 years record and a= 3.20 based on 20 x 10 yc373

record in D-LL 41). The scisnicity calculated on the basis of the
'

geologic record of lateral fault slip does not include the scisai-
liarailte ncity associated with vertical slip along the !!osgri fault.

(Appendix D-LL 41A) quotes a report by Earth Science Associates in-

dicating that the 'Jateral slip was probably subordinate to vertical
the scisnicity should be increase?novement.' If this is the case,
*

.

to account for vertical slip.

Conr.idering all the factors mentioned, it scens that the
.
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probability of 10 to 20 pertent in 50 years obtained by Anderson
and Trifun c properly reficcts the scismic rish of excedence of

t5c licsgri design spectrum.
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TAnLE1. COMPARISON OF MAX 1 MUM CROUND MOTIONS
-*

. .

.

Penh
value s M = 6.5 V = 7.5

* uned by
N ewma r k* Trif u na c" US GS' Trifunac" USJ

No. 672
,

No. ,

0.75 ,0.69(1.29) 0.90 1.07.(2.00)max (g)
.

a-

24 23(48) 39 39(84) 5**

max (in/sec)v ,

8 C(19) 16 12(30) Zi

dmax (in)-
.

.

- . ,.
,

.

.

*
. .

* * Newmark, N. .f. , "A Rationale for Ocvelopment of Design Spectra for Diablo
Canyon Rer.ctor Facility," Appendix C, Supplement No. 5, SER, Diablo- -

Canyon Nuclear Power Station Units I and 2, NRC,1976.

Average (average + standard deviatign) peak motion for rock at an epicentral*

distance R = 7.5 km based on Trife.nac,' M. D. , "Preliminar y Analpis
of the Peaks of Strong Earthquake Ground Motion - Dependence of Peaks
on Earthquake Magnitude, Epicentral Distance and Recording Site Condi-
tion s , " B. S. S. A. , M, 169-219 (197 5).

...

Page, R. A. , et al. , "Cround Motion Values for Use in the Scismic Design*

. of the Trans-Alacha Pipeline System," Ccological Survey Circu:ar
672, 1972. ~
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TABLE 2. 'Cor.parison of Recorded and Predicted Peak Accelerations.
>.

. .

SAM IV -- SA 4 V(4) Trifunac(b)
' '

.

' *

Recorded Predicted Ratio Predicted Ratio
Peak Peak Observed / Peak Observed /.

Acccl. Accel. Predicted Accel. Predicted
cn

to -i

9u
zo

$ 1971 Pacoima(1) 1.25g 0.124g 10.08 0.839g 1.49,

Ng 1967 Koyna(2) 0.63g 0.213g 2.96 0.766g 0.82 .

k, 1976 Ga:li(3) 0.80g 0.190E 4.21 0.000g 0.89
,

.

.
-

.
.

'

5.75' l.07'

.
-

. .
,

.

(1) M-6.5, epicentral distance 3 km, focal depth 15 km.
(2) M-6.5, epicentral distance 5 km, focal depth 5 km (assumed).-

- (3) M,=7. 2, cpicentral dis tance 10 km, focal depth 25 km.-
i

,

(4)jsVs=12,000 E-2.04,3 -o .
.

(5) s=2, p=0.50, u- -

,
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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COM3,;SSION

Before The Atomic Safety & Licensing Appeal I oard

In the Matter of: }

}

PACIFIC GAS & ELECTRIC COMPANY ) Docket Nos. 50-275 OL
(Diablo Canyon Nuclear Power ) 50-323 OL
Plant, Units 1 & 2) ]

CERTIFICATE OF SERVICE

I hereby certify that I have this 31st day of December,

1978, served copies of the foregoing JOINT INTERVENORS'

REQUEST FOR DIRECTED CERTIFICATION upon all of the parties

listed below by depositing copies thereof in the U.S. Mails,

first-class, postage prepaid.

Elizabeth S. Bowers, Esq. Dr. William E. Martin
Chairman Battelle Memorial Institute
Atomic Safety & Licensing Columbus, Ohio 43201
Board Panel

U.S. Nuclear Regulatory James R. Tourtellotte, Esq.
Commission L. Dow Davis, Esq.

Mail Drop East West 45L Richard Goddard, Esq.
Washington, D.C. 20555 Lawrence Brenner, Esq.

Office of Executive
Mr. Glenn Bright Legal Director
Atomic Safety & Licensing BETH 042
Board Panel U.S. Nuclear Regulatory

U.S. Nuclear Regulatory Commission
Commission Washington, D.C. 20555

Mail Drop East West 450
Washington, D.C. 20555 Mrs. Elizabeth Apfelberg

1415 Cozadero
Docket & Service Section San Luis Obispo, CA 93401
Office of the Secretary
U.S. Nuclear Regulatory Mr. Frederick Eissler
Commission Scenic Shoreline Preserva-

Wasl ington, D.C. 20555 tion Conference, Inc.
4623 More Mesa Drive
Santa Barbara, CA 93105
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2.

.

Sandra A. & Gordon Silver Arthur C. Gehr, Esq.
1792 Conejo Avenue Snell & Wilmer
San Luis Obispo, CA 93401 3100 Valley Center

Phoenix, Arizona 85073
John Phillips, Esq.
Center For Law In The Bruce Norton, Esq.
Public Interest 3216 N. Third Stree.t

10203 Santa Monica Boulevard Suite 202
Los Angeles, CA 90067 Phoenix, Arizona 85012

Paul C. Valentine, Esq. Mr. Yale I. Jones, Esq.
321 Lytton Avenue 100 Van Ness Avenue
Palo Alto, CA 94302 19th Floor

San Francisco, CA 94102
Janice E. Kerr, Esq.
Lawrence Q. Garcia, Esq. Mrs. Raye Fleming
J. Calvin Sime on, Esq. 1920 Mattie Road
California Pub _ic Utilities Shell Beach, CA 93449
Commission
5246 State Building F21B Technical Associates
350 McAllister Street 366 California Avenue
San Francisco, CA 94102 Suite 6

Palo Alto, CA 94306
John C. Morrissey, Esq.
Philip A. Crane, Esq. Carl Neiburger
James O. Schuyler, Nuclear Telegram Tribune
P ojects Engineer P.O. Box 112

Pacific Gas & Electric Company San Luis Obispo, CA 93402
77 Beale Street, Room 3127
San Francisco, CA 94106

kN 3 bfd
David S.'Fleischaker, Esq.

1025 Fifteenth Street. N.U.
Suite 602
Washington, D.C. 20005


