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I. BACKGROUND

1. On November 30, 1976, Southern California Edison Company (SCE)

and San Diego Gas and Electric Company (3DG&E) filed an application for

operating licenses for the San Onofre Nuclear Generating Station, Units 2

and 3 (SONGS), pursuant to section 103 of the Atomic Energy Act of 1954,

as amended, 42 UCS 9 2133. The application filed consisted of three

parts: the Final Safety Analysis Report (FSAR), Environmental Report -

Operating License Stage (ER-OL) and antitrust information.

2. The application was docketed after initial acceptance review by

the Staff of the Office of Nuclear Reactor Regulation (NRC Staff or

Staff) of the U.S. Nuclear Regulatory Commission (NRC), on March 23,

1977, and notice of its receipt and opportunity for hearing was published

in the Federal Register on April 7, 1977 (42 Fed. Reg. 18460). The

application was reviewed by the NRC's Advisory Coraaittee on Reactor

Safeguards whicn issued a favorable determination. (Staff Exhib L

Nos. 2a and 3a).

3. Tne application was subsequently amended by Amendments 1 through

24 to the FSAR and Supplements 1 through 5 of the ER-OL. By Amendment 2

to the FSAR, the application was amended to reflect the addition of the

C ty of Anaheim and City of Riverside (the Cities) as co-owners of SONGS

(SCE, SDG&E and the Cities hereinafter referred to collectively as the

Applicants).

4. Construction of SONGS had commenced upon issuance of

Construction Permits Nos. CPPR-97 and CPPR-98 on October 18, 1973

subsequent to the decision of the Atomic Safety and Licensing Board

.

_ _ - _ _ _ _ _ - _ _ _ _ _ _ _ _ . _



__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _

|
. .

-2-

issued after a coacested hearing. LBP-73-36, 6 AEC 929 (1973). This

decision was ultimately affirmed by the Atomic Safety and Licensing

Appeal Board. ALAB-248, 8 AEC 957 (1974); ALAE-432, 6 NRC 465 (1977).

5. In response to the notice of opportunity for hearing petitions

for leave to intervene were filed by GUARD, Lloyd and Selma Von Haden

and, jointly, by Friends of the Earth, Donald May, Mrs.' Donif Dazey,

Environmental Coalition of Orange County, Mr. and Mrs. Lloyd Von Haden

and Mr. and Mrs. August Carstens (F0E or Carstens Intervenors), pursuant

to 10 C.F R. 5 2.714M Following amended petitions filed by F0E and

GUARD, the Atomic Safety and Licensing Board designated to rule on

petitions, granted these petitions by Memorandum and Order dated

October 26, 1977, having found that each had demonstrated standing, and

had set forth at least one good contention. 10 C.F.R. 5 2.714. Thus

this was a contested proceeding. 10 C.F.R. 5 2.4(a).

6. Following a special prehearing conference on December 6,1977 in

San Diego, California, conducted pursuant to 10 C.F.R. 9 2.751a, the

Atomic Safety and Licensing Board (Licensing Board) admitted for purposes

of commencing discovery, the following contentions:
.

F0E

1. The seismic design basis for SONGS 2 & 3 is inadequate to

protect the public health and safety and does not comply with

10 CFR, Part 100, Appendix A, in that the earthquake which

if Although requesting and having been granted the right to participate
-

pursuant to 20 C.F.R. ? 2.715(c), the Public Utilities Conmission of
the State of California did not participate in the evidentiary
hearing.

- _ - - _ - _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _
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could cause the maximum vibratory ground motion has not been

assigned as the safe shutdown earthquake.

la. Whether the cavities caused by the Applicants' temporary

dewatering of SONGS 2 & 3 site will have an unacceptable

adverse effect on the capability of structurss and equipment of

the SONGS 2 & 3 to withstand the design basis seismic events.

4. The Applicants have not complied with 10 CFR Part 50,

Appendix E regarding emergency plans since because of the

jurisdictional diversity of the several state and local

agencies involved and their inadequate funding and staffing,
4

appropriate and coordinated emergency plans cannot be

developed. An operating license should not be granted for

SONGS 2 & 3 because the various emergency response p' ans are so

complex, overlapping, and difficult to implement that in the

event of a nuclear accident the safety of persons in the

surrounding areas will be imperiled.

9. The applicants' projection of fuel costs over the life of the

plants does not adequately account for escalation of uranium

prices and therefore the cost-benefit analysis is in error.

GUARD

1. The Applicants have not complied with 10 CFR Part 50,

Appendix E regarding emergency plans since, because of

- _ _ - ,_~ _ . _ . , _, . _ _ _ _ _.. .
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inadequate funding and staffing of the several state and local
'

agencies involved, appropriate and coordinated emergency plans

cannot be developed.

2. As a consequence of increases in freeway use in recent years

and the influx of transient and resident individuals into the

exclusion area and lcw populatior. zone, there is no longer

assurance that effective arrangements can be made to control

traffic or that there is a reasonable probability protective

measures could be taken on behalf of individuals in these areas

including, if necessary, evacuation, particularly considering

the unique geographic constraints in these areas; thus,

Applicants do not comply with 10 CFR 9 100.3(a) or (b).
.

(fiemorandum and Order, January 27,1978).

7. On June 6,1980, Applicants filed a motion for summary
-

disposition with respect to F0E Contentions la and 9 above. Separate

motions were filed by the Staff generally supporting Applicants' motion.

The Licensing Board granted summary disposition, following response by

the Intervenor F0E by Memorandum and Order dated January 26, 1981,

determining in regard to F0E Contention 9, that no genuine issue of

material fact exists and, with respect to Contention F0E la, that, no

such issue exists provided, however, that if, based on the evidence

subsequently presented concerning F0E Contention 1, the Safe Shutdown

Earthquake (SSE) was determined to be incorrect, a genuine issue of fact

| would remain. (Memorandum and Order dated January 26,1981). We note
l

that, based on the conclusion we reach in this decision, the SSE has been

|

|
-- , . --
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correctly established; thus, with respect to Contention la, no genuine

issue of material fact remains.

8. On July 17, 1980, a second special prehearing conference was

held in San Diego to consider the status of discovery and of the Staff's

review as it may have been affected by events resulting from the accident

at Three Mile Island, Unit 2 on March 28, 1979.

9. On April 29, 1981, a final prehearing conference was held,

pursuant to 10 C.F.R. 9 2.752,in San Diego following the termination of

discovery on F0E Contention 1, to discuss any remaining disputes

concerning discovery and to consider simplification and clarification of

F0E Contention 1 and set a hearing schedule on this contention. For

purposes of F0E Contention 4 and GUARD Contentions 1 and 2, this

proceeding was held pursuant to 10 C.F.R. S 2.751a, to discuss status of

discovery and other procedural matters.

10. Based cn discussion of F0E Contention 1 at the April 29, 1981,

prehearing conference, the Licensing Board admitted the following as

revised contentions.

1. Whether as a result of ground motion analysis techniques

developed subsequent to issuance of the construction permit or

data gathered fi 9m earthquakes which occurred subsequent to

issuance of the construction permit, the seismic design basis

for SONGS 2 & 3 is inadequate to protect the public health and

safety.
.

2. Whether characterization of certain offshore geologic featuares

( as a zone of deformation, referred to as the Cristianitos Zone

of Deformation (CZD), or whether any additional information

!

|
|

!

i

!
,. . _ - _ -. __ . _ _ _ -
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about the CZD which became available subsequent to issuance of

the construction permit render the seismic design basis for

SONGS 2 & 3 inadequate to protect the public health and safety.

3. Whether the seismic design basis for SONGS 2 & 3 is inadequate

to protect the public health and safety as a result of

discovery subsequent to issuance of the construction permit of
:

the following geologic features:

(1) ABCD features at the site

(2) Features located at Trail 6, Target Canyon, Dead Dog

Canyon, Horno Canyon and " Onshore Faults E and F"

(3) Such other features as the parties may agree are

relevant to the seismology of the SONGS site or with

respect to which Intervenor Friends of the Earth makes a
.

threshold st:owing of relevance.

4. Whether based on the geologic and seismic characteristics of
,

the OZD, including its length, assignment of M 7 as the maximum
s

magnitude earthquake for the OZD renders the seismic design
i

basis for SONGS 2 and 3 inadequate to protect the public health

and safety.

Order dated May 28, 1981.

It was agreed that the hearing on these contentions dealing with

geology and seismology considerations raised solely by F0E would be

conducted first, with further refinement of all emergency planning

contentions advanced by F0E (Contention 4) and GUARD (Contentions 1 and
^

2) and the hearing thereon to follow.
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11. The hearing on the above 4 contentions commenced on

June 22, 1981, in San Diego, California, and, with two recesses,

concluded on August 4,1981, involving ?S days of evidentiary hearing.

In addition, limited appearances were received from several hundred

persons at sessions held on June 27 July 1, July 11 and July 29, 1981,

the first two sr:ssions being held in San Diego, the second two being held

in San Clemente.

12. In view of the desire to provide a prompt resolution of the

matters in controversy, it was agreed by all parties that a partial

initial decision on geology / seismology contentions should be issued prior

to resolution of emergency planning contentions. Thus, this Partial

Initial Decision is limited to a determination of F0E Contentions 1

through 4. A subsequent Partial Initial Decision on the outstanding

emergency planning contentions and discussion of related procedural

matters will follow in the near futuro.

II. INTRODUCTION

13. The geology and seismology of the si are reviewed in detail

prior to issuance of construction permits for San Onofre 2 and 3 by the

Staff of the U.S. Atcaic Energy Commission (AEC), the predecessor to the

U.S. Nuclear Regulatory Commission (NRC), and its geological and

seismological advisors, the U.S. Geological Survey (USGS) and the

National Ocecr.ic and Atmospheric Administration (NUAA), respectively.

The findings of that review were published on October 20, 1972 as part of

the Safety Evaluation Report relating to construction of San Onofre 2 and

3. (SER 5 2.5.1.1.) These matters were fully considered by the Atomic

- _ _ _ _ _ _ _ _ ___
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Safety and Licensing Board (CP Licensing Board) in a contested proceeding

as reflected in its Initial Decision LBP-73-36, 6 AEC 929, 938-950

(1973).

14. Additional investigations made by the Applicants after the

issuance of construction permits for San Onofre 2 and 3 were prompted by

discoveries of faulting in and around the site area and by the occurrence

of new seismic activity in the site vicinity near the Cristianitos fault.

The incidence of anomalous geologic features, consisting of linear shear

zones, discovered during the excavation for San Onofre 2 and 3 into the

San IS.:20 formation, is reported in " Safety Evaluation of the Geologic

Features at the Site of the San Onofre Nuclear Generating Station,"

issued by the NRC on July 8,1975 and was also considered in this

proceeuing. (SER $ 2.5.1.1.; Staff Exhibit No. 9).

A. , Conclusions Reached Prior to Construction Permit Issuance

15. A comprehensive geological investir,ation of the site region

performed by the Applicants included detailed examinations of excavations

along the Cristianitos fault and of the sea cliff exposures, geologic

mapping, and field examinations, and offshore seismic reflection

profiles. The information and the data were presented to the AEC in the

San Onofre 2 and 3 Preliminary Safety Evaluation Report with amendments,

which was reviewed by the Staff and its advisors (SER 5 2.5.1.1) and was

considered by the CP Licensing Board.

16. The Staff interpreted the geologic information and data to

ina!cate the existence of a zone of deformation about five miles offshore

from the Sen Onofre site which extends from the ikwport-Inglewood fault

_ _ _-~ . _ , _ _ . _ _ ._ _ _ ___
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zone to the north, to the Rose Canyon fault zone to the south. It

concluded in the Safetj Evaluation Report:

The present evidence indicates an extensive,
linear zone of deformation, at least 240 kilometers
(km) long extending from the Santa Monica Mountains
to at least Baja, California. We and our consultants
consider this zone of deforiation to be potentially
active and capable of an earthquake whose magnitude
could be commensurate with th.! length of the zone.
Onshore, data does not show e'ridence that there are

any faults immediately underlying the planned reactor
facilities. Although the site is located within 1
mile of the Cristianitos fault zore, exposures of
parts of this fault at the coast and at the Plano
Trabuco excavations made by tha applicant about 16
miles north of the coastal exposure, show that the
overlying terrace deposits have not been offset by
the fault at these locations. All of the available
evidence indicates that the Cristianitos fault is
inactive when evaluated using procedu: :s described in
the proposed 10 C.F.R. Part 100, Ap;;enuix A, " Seismic
and Geologic Siting Criteria for Nuclear Power
Plants," November 25, 1971. (Id_. )

17. The essence of this conclusion with respect to the offshore

geology was expressly adopted by the CP Licensing Board in its Initial

Decision (LBP-73-36, supra, at 943, finding 61), as the "nodel...appro-
i priate...for use in evaluating the effect of those facilities on the

health and safety of the public." Implicit in this finding is the CP

Licensing Board's satisfaction that the Cristianitos fault zone is

inactive and, in any event, is not the controlling geologic feature for

evaluating the San Onofre site.

18. With this background in mind, it is thLs appropriate for this

Licensing Board to consider whether information has come to light since

usuance of the Construction Permits for SONGS 2 and 3 which compel a

revision first, to the controlling geologic setting of the s'*e. and

- - . - _ - _ _ _ - , . _ - - - _ _ _ - - - - - .- . -_ . -.
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second, to .the Safe Shutdown Earthqutke (SSE),E which at the

Construction Permit stage was established (n the basis of a Hodified

Mercalli intensity value (SER 9 2.5.1.9).

19. At the Operating License hearing on the contentions identified

above, the blicants presented thc?r case in reverse order, that is,

contention 4, 3, 2, and 1. &came of the overlap between Contentions 4

and 1, we will address these matters together, followed by Contentions 3

and 2.

20. The Staff adopts Applicants' proposed Finding 15 which sets

e th the exhibits identified and admitted in this proceeding, and

proposed Finding 15 which identifies those portions of Intervenors'

testimony which were not admitted.

Contention 4

Whether based on the geologic and seismic characteristics of
the 0ZD, including its length, assignment of M 7 as the maximum
magnitudeearthquakefortheOZDrendersthes51smicdesign
basis for SCNGS 2 and 3 inadequate to protect the public health
and safety.

I. INTRODUCTION

21. Mr. J. L. Smith, Dr. P. L. Ehlig, Mr. E. G. Heath, and Dr. S. W.

Smith were the primary witnesses for the Applicants, Dr. James Brune and

Mr. Mark Legg were the primary witnesses for F0E, and Mr. A. T. Cardone,

Dr. L. Reiter, Mr. J. F. Devine, Mr. R. F. Morris and Dr. D. B. Slemmons

were the primary witnesses for the Staff, regarding the geology and

seismology of the SONGS region as the bases for assigning ti = 7 as the
s

Design Basis Earthquake (DBE) ge, this event es described as the2f At the Construction Pennit sta
(SER Q 2.5.1.9 footnote *)

_ _ _ _ _ _ _ _ _
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maximuu magnitude earthquake for the 0ZD. (J. Smith, written testimony,

p. 7; Ehlig, written testimony, p. 3; heth, written testimony, p. 5;

S. Smith written testimony, pp. 4-5; Brune, written testimony, ff.

Tr. 4122, Legg, written testimony, ff Tr. 5213; Staff Exhibit 1 SER,

Sections 2.5.1.2, 2.5.1.11, 2.5.2.1, 2.5.2.3.1, 2.5.2.3.2, 2.5.2.3.4,
'

2.5.2.4; Cardone, supplemental testiuony, ff. Tr. 5560; Reiter, supple-

mental testimony, ff. Tr. 5566; Slemmons, Tr. 5458; SER, Appendix E and

Appendix G.

22. Mr. L. H. Wight, Dr. I. M. Idriss, Dr. G. A. Frazier, and

Dr. R. L. McNeill were the primary witnesses for the Applicants,

Dr. James Brune was the primary witness for F0E, and Dr. L. Reiter was

the primary witness for the Staff, regarding earthquake ground motion and

the conservatism of the Design Basis Earthquake (DBE) for SONGS Units 2 &

3. (Wight, written testimony, pp. 4-5; Idriss written testimony, p. 7;

Fra71er, wrf tten testimony, p. 3; McNeill, written testimony, pp. ,5-6;

Brut.e, written testimony, ff. 4122; Reiter, supplemental testimony, ft.

Tr. 5566; SER, section 2.5.2).

23. In the CP review the Staff and its seismological advisor (NOAA)

used a Modified Mercialli Intensity of X to characterize the maximum

earthquake that could affect the San Onofre 2 and 3 site. This

earthquake was assumed to occur along the Offshcra Zone of Deformation

(UZD) about five miles from the site. During the OL review the Staff

concluded that magnitude is a better indicator of earthquake source

strength than intensity. Intensity is a measure of observed damage and

| felt effects. It depends upon the size of the earthquake, its depth,

the distance from the earthquake source, the nature of the geologic

I

- - _ . -. - - . _ - - . .- ,, . _ , - .-.- . --
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materials between the source and the point of observation itself.

Although an attempt is made in the intensity scale to account for
4

differences in structural design, it is only done in a very general way.

Particular problems are associated with detennination of intensities

greater than VIII. Very often these intensities are tased upon ground

failure (landslides, soil liquefaction, etc.) wMch are very much

dependent upon local conditions rather than ground shaking. Many

investigators (for example, Nason,1978; and Tocher and Hobgcod,1978)

have suggested great caution in assigning these high intensities. In

addition strong motion data at high intensities is practically

nonexistent. Ground motien estimates at these levels are based upon

highly non-unique extrapolations from the more abundant data at lower

intensities. (SER92.5.2.3)

24. Magnitude is a measure of earthquake source size using instru-

mental recordings of ground motion at different distances. Different

magnitude scales measure different components of motion in different

frequency ranges and care must be exercised in choosing the appropriate

! scale for the intended purpose. Local Magnitude (f(), the original

magnitude scale, was developed from recordings of small earthquakes (M
t

less than 5.0) at distances between 20 and 600 km in southern California.

It is detemined utilizing the largest ground motion recorded on the

Wood-Anderson seismograph. As a result, it is oarticularly sensitive to

short period (about 0.8 seconcs) horizontal motion. It is not applicable
i

at distances greater than 500 or 600 km and must be used with great care

outside of California. (Id.)

-. . _ _ - - . _ _ . - - -. - _ - - . ._. - . . _ . . _ - . - -_. __ -
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25. Surface wavc agnitude (M ) was developed subsequently to
3

complement M for earthquakes of greater size and at different locatbns.
L

It is determined from longer period (20 second) motion. Richter

magnitude (M) as it is commonly, but very oft:!n not precisely, used is

equaltol(formagnitudeslessthanabout6andM3 for larger
'

earthquakes (Nuttli,1979). (M. )

26. Thereasonf(cannotbeusedforlargerearthquakesisthe
apparent saturation of the scale at around 7 1/4. The great San

Francisco earthquake of 1906, for example, had an estimated M of 8 1/4
3

while the M is only estimated to have been between 6 3/4 and 7 (Jennings
L

and Kanamori,1979). M saturates because the amplitude of the shorteri

L

period waves which determine M do not simply increase as the fault
L

length increases. As Kanamori (1978) states, "The amplitude of seismic

waves represents the energy released from a volume of crustal rock whose

representative dimension is comparable to the wave length." Seismic

; waves used in the determination of M may only reach wave lengths of 6
L

km. Thus, they cannot be expected to adequately reflect the energy

release of earthquakes associated with ruptures tens of kilometers long.
i

Similarly, they do not adequately reflect the seismic moment of such'

earthquakes. (M. )

27. Seismic moment, defined as being equivalent to the product of

rigidity, fault area, and fault displacement, is the measure most easily

related to geologic fault parameters. ( M. )

| 28. In the range of interest for San Onofre (magnitt . 6 to 7.5),

H , determined from waves whose lengths are about 60 Km, is more related3

|
.

k

r-,,, . . - - . . , . ~ _ , _ . - . . , , , , . ., , , _ . . , - , _ _ _ - . _ , . . , _ , , ~.,-m . -
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to seismic moment than f(. According to Kanamori (19/9), at magnitudes

greater than 6, the average M begins to deviate and becomes less thang

the average M for the same carthquake until the M reaches the
3 L

pretiously mentioned saturation point of about 71/4.E

of about 7 would have anAccording to Kanamori's estimate, en t13

average M f 6.6 or 6.7. By assuming a simple linear * relationship
L

(Ld.)between M andf(,Nuttii (1979) arrives at a similar result. d
3

Thus, in estimating earthquake size from fault studies in

southern California, the most directly relateable nagnitude scale based

upon rupture lengths less than hundreds of kilometers would be M .3

29. Similarly the saturation of M indicates that the amplitude of
L

strong ground motion at periods less than 1 second (periods of interest to

or faultnuclear power plants) cannot be assumed to scale simply as M3

size increase. Increases in estimates of maximum earthquake size around

or above the saturation level do not necessarily imply increased hazard

to nuclear power plants.

Considerable research effort has been expended in an attempt to

define more precisely the maximum size of an earthquake that can be

associated with various types of faults and tectonic environments.

However, in evaluation of the seismological characteristics of a nuclear

plant site, it is necessary to use theories and empirical data cautiously

y M also saturates at about 8.3 and does not reflect the energyq
release in a truly great earthquake where fault rupture reaches
hundreds of kilometers. Forthispurpose,anewmagnitudescalef(
was developed (Kanamori,1978). For example, the great Chilean

was only 8.3.Earthquakeof1960hadanf(of9.5whileitsH3
(Id.)

}
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until sufficient data have established their validity. Our discussions

will note areas of uncertainty and areas where we have used conservatism.

(Id.)

30. Exceptasstatedbelow,U the Staff adopts Applicants' proposed

Findings 21 through 70 which set forth the nature and extent of the

onshore and offshore investigations conducted by the Aiplicants and thel

general geologic description of the SONGS site, regional geology and

tectonic framework. In proposed Finding 23 with respect to the citation

to the testinony of Dr. D. B. Slemmons, the Staff would propose to

substitute the following for the quoted language in Applicants' proposed

Finding 23:

The studies for the SONGS site are accurate,

represent state-of-the-art methods and form an
adequate basis for evaluating the seismic potentia;
of the OZD. (Staff Exhibit No. 1-DBS at E-17).

31. The Staff adopts Applicants' proposed Findings 99, 102-104

which sets forth the general geologic description of the Cristianitos

fault and Capistrano Embayment.

32. The Staff adopts Applicants' proposed Findings 105 through 122

which set forth the geologic evolution of the SONGS region and proposed

Findings 124,126,127,128,130,133,137 and 138 which set forth

regional seismicity.

33. Since a determination of magnitude is based on several accepted

methodologies, discussed below, which require consideration of the fault

y We presume the reference to the " Gulf of Mexico" is intended to be,
as it should, to the " Gulf of California. (Testimony of Jay Smith,
Figures JLS-E and JLS-G).
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length, it is necessary to consider whether the 0ZD as defined at the

const.uction permit stage was properl'y characterized in terms of its length.

II. '<EGI0t4AL GEOLOGY

34. The OZD is comprised of the flewport-Ingelwood zone of

defonaation (HIZD) to the north, the South Coast Offshore Zone of

Determination (SCUZD) in the center area and the Rose Canyon Fault Zone

(RCFZ) to the south. ( Testimony of Jay Smith at 18-19 and Figure

JLS-H). The overall sense of movement on the OZD is presently right

slip, this style of movement having begun about 15-16 million years ago

(Smith, Tr, 1016).

35. The filZU, a structure about 30 million years old (Smith, Tr.

810-811), which shows some evidence that it was, in geologic history, the

plate boundary (Smith, Tr. 81J i is transected to the north, by the

Transverse Range (Smith, Tr. 824; Testimony of Jay Lith at 15-16). The

filZD and SC0ZD are not now part of the primary plate boundary (Smith,

T r. 1018). The present plate boundary is the San Andreas - San Jacinto

fault zone, the nearest approach of which to San Onofre is about 45 miles

(Testimony of Jay Smith at 14; Testimony of Stewart Smith at 6).

36. The SC0ZD is expressed as a zone of bronching and discontinuous

fault and folds trending north northwest (Smith, Tr. 825-826).

37. To the south, the RCFZ displays general alignment with the

Vallecitos and San Miguel fault in an e_n_ echelon pattern (Smith, Tr.

1073-4), the distance between the Vallecitos and San Miguel being about

7-8 km (Smith, Tr.1076). It is unlikely, hcwever, that these structures

are connected since the surface expression, which would be expected if

they formed a linear fault at depth, is absent (Smith, Tr.1077).

._ _ _ . - - _ _ __ _ _ _ . .. -
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38. The NIZD extends about 45 miles southeastward from the Santa

Monica fault zone, changing from well-developed folds and faults

in an e_n echelon pattern across the Los Angeles Ba:,in to a series of

fault splays essentially unaccompanied by folds in the Newport Beach area

adjacent to the San Joaquin Hills (Testimony of Jay Smith at 19). These

Hills, known as the San Joaquin Structural High, interrupt the southeast

continuation of the NIZD (M . 19-20).

39. Fr: approximately that point, the 0ZD is evidenced by the SC0ZD

which extends about 42 miles. It is expressed as a zone of branching and

discontinuous faults and folds trending north to northwt-' end is evidenced

only offshore (M. at 20). Elements of the SC0ZD are the San Onofre Shelf

Anticline (SOSA), San Onofre Shelf Syncline (5055) and South Coast Offshore

Fault ISC0F), wave-cut terrace platforms and their overlying Pleistocene

d: u',s and minor folds and faults (M.)

40. The portion of the 0ZD known as the RCFZ continues southeast of the

SC0ZD for about 45 m;les, trendirg onshore at about La Jolla Cove, along the

east side of Missi)n Bay to San Diego Bay where it appears to turn westward

out to sea ( M. at 21). The sense of movement on the RCFZ is predominantly

vertical, with the west side up along the northern and southern parts and

west side down in the central part (Id.).

41. Tnat the northern end of the 0ZD is truncated by the Santa

Monica fault (Finding 34, supra; SER 9 2.5.1.11, Staff Ex|sibit No.1-DBS

at E-6), was not seriously contested by the Intervenor F0E and we are

.. .- . - - - _.
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satisfied that the evidence supports that finding. The southern end,

however, is not clearly defined (SER S 2.5.1.11). Discussion of this

matter follows in our consideration of the several methodologies put

j forward by the Applicants and evaluated by the Staff and its consultants

for establishing the proper magnitude earthquake to be assigned to the

OZD.

III. SLIP RATE VERSUS MAGNITUDE AND ITS APPLICATION TO THE
OFFSHORE ZONE OF DEFORMATION

42. The Applicants submitted a report (Woodward-Clyde Consultants

1979-WCC) which is used in partial support for the determination of

the maximuu earthquake magnitude on the 0ZD. It described a method

originally presented in December 1979 (Testimony of Edward G. Heath, Tr.

1276), for determining earthquake magnitude by comparing the degree of

fault activity on the 0ZD with that of faults of similar style around the

world. According to Slemmons (1977), faults having higher degrees of

activity produce larger magnitude earthquakes than faults having lower

degrees of activity. The paralette chosen to reprasent the degree of

activity is the fault slip rate. The method was used to saticate the

maximum earthquake magnitude associated with the 0ZD by evaluating fault

slip rates and historical seismicity of many faults of similar style

around the world. Data was collected and plotted on magnitude versus

slip rate (logarithmic) coordinates and a line enveloping the maximum

historical earthquake was considered to represent the caximum earthquake

associated with each slip rate. This was ;alled the Design Earthquake!

Limit (DEL). (SER S 2.5.1.9).

,

,
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A. Evaluation of the Slip Rate and Magnitude Data Used in the
WCC Report .

43. Figure 7 of the Woodward-Clyde Consultants (WCC) report it a

plot of the long-tem slip rate measured on a fault versus the maximum

historical carthquake magnitude observed on that fault. The slip rates

and magnitudes were taken from the literature where there were of ten

several values given for each fault. (SER, Table G-1 of Appendix G).

The slip rate on the Newport-Inglewood fault zone portion of the OZO,

determined trom analysis of electric well log data, was calculated to be

0.5 mm/yr. The 0.5 mm/yr was considered to be representative of the slip

rate for the OZD which correlated with a maximum magnitude of 6 1/2 from

the DEL in Figure 7. Thus, the applicants concluded that the maximum

magnitude that can be associated with the 0ZU is M3 = 6 1/2. (SER,

9 2.5.1.10). .

44. A study of the data base in Table G-1 for Figure 7 of the WCC

report showed that some inconsistencies occur among the various reports

on slip rate and magnitude for a given fault. Since numerous

publications were reviewed by WCC, a wide variation in the data is bound
[ to exist due to the differences in approach and scope of work of the
|
,

j
various investigators. Table G-1 presents the range of data and

j interpretations, but does not reflect any 6ttempt to appraise the quality

| or validity of the data. Therefore, it was the opinion of the Staff that

the data selected for Figure 7 of the June 1979 WCC report were not

|
adequate. (SER 9 2.5.!.10).

i

i
45. To compensate for the wide range of data, the Applicants were

t

requesteo (in question number 361.45; both the Staff questions and the

applicants' answers are given in the " Question and Response" section of

!

:
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the FSAR, Applicants Exhibit No. 1D) to provide a detailed cescription of

| the method of selecting or rejecting ' basic data and to use error bands of

variations which encompass all of the values of slip rate and magnitude

determinations by the various investigators cited in Table G-1. As a

result, the data selection process was described in greater detail and

several modifications to the data wc. ; made in Amendment 18 to the FSAR.

Extraneous or unverifiable data included in the WCC report were

eliminated and new data obtained since publications of the WCC report

were added. Also, in response to the Staff's request, preference was

given to the slip rate values based on Quaternary data because they best

represent the current tectonic environment and activity of the faults.

The line bounding the augmented data set was called the Historic'

Earthquake Limit (HEL); while the line bounding all of the data and

uncertainties established the Maximum Earthquake Limit (MEL) in Figure

3fl.46-4 (Testimony of Edward G. Heath, Figure EGH-M) in Amendment 18 to

the FSAR. The Applicants state, "The MEL is interpreted most

conservatively by enveloping the lowest slip rate ranges and the maximum

magnitude ranges of all the data points. The most conservative use of

the line is to estimate a maximum earthquake by reading the MEL value

based on the maximum slip rate value provided for each fault." (SER

s 2.5.1.10.)

46. At the hearing, the Applicants offered the testimony of

Edward G. Heath of Woodward Clyde Consultants in support of the

evaluation described above. Mr. Heath was extensively probed on the

selection of the data base used in developing the slip-rate versus

magnitude methodology.

- _ _ _ -. . .-
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47. The data for slip rate were selected specifically for strike

slip faults in Southern California and for such faults in similar

tectonic settings elsewhere in the world based on a search of the

literature (Testimony of Edward G. Heath at 23-24; Heath Tr. 1123, 1136,

1436). Other data, e.g., from Japan, was excluded for a variety of

reasons, primarily because it was difficult to substantiate (Heath, Tr.

1406,1407) and due to the significant difference in the tectonic style

of strike-slip faulting in Japan (Heath Tr.1407). Faults in Japan

overlie a deep major subduction zone as opposed to being a translational

plate edge such as exist in South California and are more of a block

faulting nature (JId.; see also Tr. 4044; see also Allen, Tr. 4884-4885).

Relying on elimination of dip-slip data by Dr. SlemmonsU n his state-i

of-the-art paper of 1977 Applicants similarly excluded data from such

faults (Heath, Tr.1410). ~

48. The total displacement on the fault and the geologic slip rate

seem to be the most quantitative numbers to represent the total degree of

activity on each of the faults. (Heath, Tr.1437; see also, Staff

Exhibit No. 1-DBS at E-4, E-17). On Figure EGH-J, Applicants have

plotted the slip rate of the various faults against the maximum recorded

earthquake and maximum historic earthquake for those events that occurred

prior to the last 50 years for which we have instrumented recordings

(Heath, Tr.1437).

5/ The reference in this discussion should be to Dr. David B. Slemmons,
not Dr. Roy Shlemon as reflected in the transcript.

. .__ __ ___ _
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49. An excmination of this figure suggest a relationship between the

degree of activity as evidenced by sl'ip rate and magnitude, i.e., that

the higher the degree of activity (slip rate), the larger the magnitude

of earthquake on these faults (Heath, Tr.1438).

50. A paucity of data below 1.0 m/yr. is apparent in this approach

and raised concerns over the confidence which could be'placed on the

relationship (SER b 2.5.2.10; SER, Appendix G at G-5; Devine, Tr. 5451) -

i.e., the sensitivity of the boundary line due to the paucity of data.

This matter was discussed at length by Mr. Heath at the hearing

(T r. 1441-1453. ) Mr. Heath testified that in addition to the faults

displayed, about an additional 190 were examined (Tr.1441) and that

somewhere between 15-20 would fall in the range of lower slip rates.

(Tr. 1443). Subsequently, these were plotted on Applicants Exhibit No.

34, EGH-10 which presents the results of an evaluation of an additional

180 strike slip faults, greater than 10 km in length (Heath,

Tr. 4037-4038). None of these faults have earthquakes greater than

magnitude 5 associated with them (Heath, Tr. 4038-4040). The addition of

this data increases the confidence ir using this approach (Devine,

Tr. 5454).

51. The activity along the 0ZD over the past several million years

is approximately 0.5 mm/ year as contrasted to the San Jacinto, about 3.0

mu/ year, and the San Andreas, abcut 37 mm/ year. Viewed in the context of

the magnitude of earthquakes associated with these fault systems,

earthquakes larger than M3 = 6.5-7 could not have occurred with

regularity on the 0ZO over the past million years without leaving a more

.

-- - . - - . . - - - - - , . - - , ._,-_,y.,--, , , , . ,y , . - . . -- - , . - - - . . - - - , . ,-----.-,y -
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impressive record of geologic deformation than exists (Testimony of

Stewart Smith at 7).

52. With respect to consideration of the 0ZD in the context of the

slip rate versus magnitude methodology, the Applicants base their

9'sment on the slip rate determined for the NIZD segment. (Testimonyac 2

of Heath at 5-6.) This approach has been selected based on Applicants

position that the NIZO is representative of the style of faulting along

the entire 0ZD and has the greatest amount of information available

(Testimony of Heath at 8, 12). This information indicates that the NIZD

has a greater magnitude of folding and faulting and historical seismicity

associatec with it suggesting that it has the greatest seismic potential

of the three elements of the OZD and, thus, serves as a conservative

model to characterize the earthquake potential for the OZD (Testimony of

Heath at 9).

S3. The central element of the 0ZD, the SC0ZD, displays wrench fault
,

tectonism (as does the NIZD) but lacks direct evidence for the amount of.

lateral or vertical displacement (Testimony of Heath at 11).

54. The southern component, the RCFZ, displays evidence for both

strike slip and normal faulting but lacks conclusive data of the amount

of either type of displacement (,Id.)

55. An effort to establish a slip rate for the RCFZ was made by both
i

Applicants and Intervenor FUE. Intarvenor F0E offered the testimony of

Dr. Michael P. Kennedy of the California Division of Mines and Geology,

appearing on its behalf under subpoena. Dr. Kennedy testified that

displacement across the Rose Canyon Fault is about one to two meters per

thousand years (Tr. 2257-2258), (or about 1-2 mm per year, Tr. 2355)

_ _ _ _ _ _ - _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _
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which reflects horizontal separation (Tr. 2321). Such determination is

based on information derived from piercing points within the sections

examined (Kennedy, Tr. 2322), one of the key piercing points being within

the Pliocene part of the section within the San Diego Formation, observed

to the southeast of the Rose Canyon fault zone in the area of Tecolcte

Canyon as facies or feat:.cr edge. (Kennedy, Tr. 2324.) This amount of

displacement is based on a total of about 4 km displacement (Kennedy, Tr.

2338-2340). A component of this displacement could be attributed,

however, to the dip component of the Rose Canyon (Kennedy, Tr. 2350).

56. In response to the testimony of Dr. Kennedy, the Applicants

presented rebuttal testimony by Dr. Perry L. Ehlig. Dr. Ehlig testified

that the pinchout line, incorrectly referred to by Dr. Kennedy as "near

shore facies" in regard to his discussion of the San Diego Formation,<

does not describe the orientation of a former shoreline nor a structural

feature as contended by Dr. Kennedy, and thus does not provide a sound
;

basis for estimating displacement across the Rose Canyces fault (Ehlig,

Tr. 6356-6360).

57. Anothcr aspect of Dr. Kennedy's testimony was M., eetermination

of about 1 km offset of the shoreline at La Jolla Cove, indicative, in

his opinion, of larger young displacement on the Ruse Canyon fault.
,

Contrary to this however, Dr. Ehlig's testimony sas to the effect that

rather than the straight shoreline assumed by Dr. Kennedy, the evidence

that Mount Soledad has been rising as a domal structure during

Plio-Pleistocene time suggests that it was not in fact straight. This. -

ne offers, is evidenced by cMervations of beach ridges in the Linda.

Vista formation and the juxtaposition of older rocks west of tne Rose

_.._ __ _ _ _ _ _ _ ,__. _ . _ _ .__ ._ _ . _ _ _ _ _ . - _ _ _ , _ _ . _ _ _ . _ _ . ~ .
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Canyon fault with younger ones, to the east, reflecting uplifting which

would cause the westward shoreline to migrate seaward in' response (Ehlig,

Tr. 6363-6365).

58. Testimony by Dr. Kennedy concerning use of the 200-meter

bathymetric contour was also refuted by Dr. Ehlig, to the effect that the

landward divergence offshore at the projection of the Rose Canyon fault

is more apparent than real. This observation is likely the result of

older an; harder formations existing there than exist east of the fault,

based on examination of other contours which do not show similar

divergence. (Ehlig, Tr. 6366-6368).

59. Wnile Dr. Ehlig did not offer a slip rate for the RCFZ based on

his analysis, the Licensing Board does believe that his testimony has

eroded any confidence that could be put in Dr. Kennedy's estimate. Thus,

it would not be appropriate to use such data in connection with the slip

rate methodology advanced by the Applicants.

60. We turn now, to predictive use of the slip rate methodology for

estimating the magnitude of an earthquake. Dr. David B. Slemmons,

consulting geologist to the Staff, was contracted to review the WCC

report and responses to NRC questions which resulted from its initial

review of the report. In his report to NRC, (Staff Exhibit No. 1-DBS),

Dr. Slenvaons comments on the slip rate versus magnitude relationship, the

adequacy of the WCC data base used in deriving this relationship, and the

maximum earthquake magnitude assigned to the 0ZD. Dr. Slemmons concurred

in the Applicants' fault slip rate for the Newport-Inglewood fault zone

| as 0.5 mmfyr and with the maximum magnitude of 7 for the OZD. 'See Staff
(

Exhibit No. 1-DBS at E-2, ~,-3, E-4, E-6-7, E-17). We accept his'

i

l

|
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recommendattor, that the naw approach presented by WCC is the most

quantitative approach for the evaluation of the maximum earthquake for

San Onofre 2 and 3 but it should be one of several approaches in a

balanced multi-approach to the determination of the maximum earthquake

magnitude.

61. In a test or consistency between slip-rate and fault-length

estimates for maximum magnitude, the Applicants developed a correlation

between slip-rate and fault-length from selected data. Half-lengths were

conservatively assumed to be the pc' v of total fault-length capable of

rupturing in ona earthquake. This son was then used in

conjunction with Slemmons (1977) pru,.osed relationship between

fault-length and magnitude for strike-slip faults. The resulting plot of

magnitude versus slip-rate called the Synthetic Earthquake Limit (SEL)

was then compared to the direct slip-rate estimates. This estimate had a

somewhat steeper slope than the direct estimate, that is, lower maximum

magnitude for high slip-rates and higher maximum magnitude for very low

slip-rates. In the range of interest for the 0ZD (slip-rate of 0.5

mm/ year), the SEL was slightly less than the Applicants' conservative

Maximum Earthquake Limit. (SER s 2.5.2.3.2).

62. The Applicants have presented an additional argument as to the

conservatism of the slip-rate estimate. Assuming a constant b value of

0.85 and utilizing Anderson's (1979) method, recurrence curves were

computed from slip-rates and fault-lengths assis-%g different maximum

magnitudes (6.0, 5.5, 7.0 and 7.5). It is proposed that the occurrence

of the 1933 Long Beach and .nssibly the 1800 and 1812 earthquakes is

consistent with an assumed maxir..um magnitude of 6.5, while assuming a

-- __ _ - - _
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maximum magnitude of 7.5 results in return periods (270 years for M =
3

6.0 2 0.25, 720 years for M3 = 6.5 t 0.25) longer than the historical
'

data would suggest. (H. )

B. DR. SLEMMON'S VIEWS ON SLIP RATE

63. The Staff's consultant. Dr. Slemmons, has stated that the

fault-slip rate method is the most quantitative approach for

state-of-the-art assessment of the maximum earthquake on the OZD. In a

limited review of the Applicants' slip-rate method, the USGS (SER,

Appendix G) states that becaer,e of the limited data base at los geologic

slip-rates this technique "cannot be considered definitive in assessing

maximum magnitude." However, it "is helpful, when considered along with

other procedures for estimating earthquake size to assess the potential

impact of earthquakes on the SONGS site." (M.)

IV. CONCLUSIONS ON SLIP RATE

64. The Staff's evaluation of the Applicants' slip-rate methodology

can be stated as follows:

(1) Correlation of maximum earthquake potential and degree of fault

activity is in itself a geologic reasonable and intuitively

sound idea.

(2) Use of present estimates of slip-rate to establish maximum

earthquake magnitude based upon the limited geological and

seismological data requires both caution and conservatism.

This limited data set and limited understanding of the physical

basis between maximum magnitude and slip-rate preclude the

exclusive use of this technique in establishing maximum

magni tude.

- - . . - . . . . . - .
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(3) The most appropriate slip-rate estimate used by the applicants

is the Maximum Earthquake Limit. This estimate (M = 7.0 for
3

the OZD) makes a specific attempt to account for uncertainties.

( Id,. );

65. The Applicants have plotted the slip rate versus magnitude data

in several ways, showing both the Historical Earthquake Limit (HEL)

(Testimony of Edward G. Heath, Fig. EGH-K) and Maximum Earthquake Limit

(MEL) (Testimony of Edward G. Heath, Fig. EGH-M). The boundary line

i drawn in each instance envelops all the data and is controlled by data

points for the higher slip rate faults (Heath, Tr. 1443-1444). It is not

a mean line (which would go through the data), but rather a bounding

line. (Heath,Tr. 1447,1455-1456).

56. While the HEL line (Fig. EGH-K) reflects the ampirical data, the

Applicants, in drawing the MEL line (Fig. EGH-M) have provided a double

level of conservatism. First, to account for possible uncertainties in
,

the earthquake magnitude values, they have provided a magnitude range of

plus or minus two-tenths of a unit for each event (Testimony of Eoard G.

Heath at 26, Figure EGH-H). Second, to account for imprecision in the

slip rate, they have provided a range (see Figure EGH-L). The bounding
,

line drawn for the MEL line is drawn through the higher magnitude and

lowest slip rate.

67. Applying this approach specifically for SONGS, the Board concurs

that the MEL line represents a conservative estimate of maximum magnitude

of future earthquakes on these faults or faults of similar style. The

maximum magnitude for the 0ZD is M3 = 7.0 applying the conservative

interpretation of the MEL line.

|
t
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V. DETERMINATION OF THE OZD RUPTURE LENGTH

68. Other methods that relate fault parameters to estimating maximum

earthquake magnitude on the 0ZD were also utilized, with particular

attention to those methods relying upon fault length. (Staff Exhibit

No.1-DBS at E-7-8).
,

Physical characteristics of a fault zone have been used in the past

to estimate the maximum earthquake potential. Typically a correlatian 4

sought between earthquake magnitude and recorded or estimated r. Wre

length. Generally, these correlations are poor because c. the large

scatter of data. While some of the scatter is due to the inability to

arrive at accurate estimates of rupture and displacement over the whole

fault plane, a great deal of uncertainty arises from the very complex

nature of tectonic conditions that lead to earthquake occurrence.

Variations in important elements such as local and regional stress

conditions and specifics of fault geometry undoubtedly preclude good

correlations. (SER 6 2.5.1.11).

69. Typically the most utilized method of estimating earthquake

potential has been the use of fault rupture length. As the Staff's

consultant, Dr. Slemmons, has pointed out (Staff Exhibit No.1-DBS)

direct application of this method "is not possible for the 0ZD as surface

faulting is rare along the zone." Indirect application of fault rupture

length earthquake magnitude methodology by Dr. Slemmons (see also SER

Section 2.5.1.9) must rely upon subsurface estimates of individual

rupture lengths or appropriate percentages of estimated total fault

length. (SER $ 2.5.2.3.2).

._. . - .- . -_ - _, - . - ._.
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70. Utilizing Slemmons (1977), over 10 different estimates were made

(Staff Exhibit No. 1-DBS) for the maximum magnitude on the OZD. These

estimates ranged from M = 6.6 to 7.3 depending upon the specific
3

approach, level of conservatism and fcult length essumed. The lowest

estimate was derived using an inferred subsurface rupture length on the

segment of the 0ZD nearest the site while the largest estimate was

derived assuming a total fault length of 275 km (from Santa Monica to the
1

Agua Blanca fault in Baja California) and that a fraction of this length

would rupture consistent with the mean plus one sigma fraction of

observed strike-slip faults. The inability in this case to use this

method directly, the uncertainty associated with the assumed fau!

lengths, and the scatter of resulting estimates preclude placing much

(J_d. )weight on the fault length versus magnitude approach. d
,

71. The application of the earthquake magnitude versus surface fault

rupture length procedure (Slemmons 1977) requires that brittle fracture

occur and that total surface rupture length be observable. However, the

surficial offshore materials near San Onofre 2 and 3 are such that

plastic deformation conceals the tectonic effects along the 0ZD. In

addition, water covers the offshore portion of the OZD. However,

Dr. Slemmons (Staff Exh. No.1-DBS) used indirect methods to apply this

procedure. From the subsurface rupture lengths observed by means of

seismic reflection profiles, he was able to use the earthquake magnitude

versus surface rupture length method as another apprcach to deter::.ining

the maximum magnitude for the OZD. (SER 5 2.5.1.11).

72. A most conservative approach used by Dr. Slemmons was to assume

that the 0ZD is segmented and that the segments ara indicated by the

.vv -.r -- g- w --- & =
-
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length of main rupture not at the surface or at shallow horizons, but at

Horizon C, which is several thousand feet deep. The trace of the OZD at

horizon C is shown in Figure 0-1 of WCC (1979). The segment of the OZD
~

offshore at San Onofre 2 and 3 (the South Coast CCfshore Zone of

Deformation) has a total length of 62 km and, applying the relationship
,

of strike slip faults of Slemmons (1977), leads to a mar,imum earthquake

magnitude M = 7.1. Assuming the values for segment length of 36, 27,
3

and 48 kms provided by the Applicants in Table 361.66.1 of the FSAR, the

maximum earthquake magnitudes are M3 = 6.7, M3 = 6.6, M3 = 6.9,

(_I_d.; See Staff Exhibit No. 1-DBS at E-10).resr"tively. d

73. Another approach to determining maximum earthquake magnitudes is

to assume that a fraction of the total length of a causative fault will

rupture. Since the fraction of the fault that is assumed to rupture

varies over a wide range, Dr. Slemmons reviewed the world-wide data for

strike-slip faults to detennine the fraction of total fault length that

has accompanied earthquakes of M = 6 or greater (Staff Exhibit No. 1-DBS
3

a t E-11-E-13) . The mean of the highest percentage for each fault was

determined to be 22 percent of the total length of strike-slip faults.

He applied this method to the 0ZD, assuming that the zone extends from

the Santa Monica fault to the San Diego Bay area. Based on a total

length of 200 km, and assuming the mean fractional rupture length of

22 percent (44 km), a maximum magnitude M = 6.9 is obtained. Using the
s

fractional rupture length corresponding to the mean plus one sigma of

30 percent (60 km), a maximum magnitud , of M = 7.1 results. (Id.)
s

74. We note that strike slip faults of the type considered do not

display evidence suggesting that they rupture 100 % of their length as

. _ . .- . _ - __ -
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the result of any single event; stress conditions on their rupture

surface are not high enough to permit such activity (Smith, 6377-6378).

Rather, rupture length more closely approximates about 20 % of the total

fault length, 30 % representing the mean plus one sigma; i.e., mean plus

one standard deviation (Staff Exh. No.1-DBS; Reiter, Tr. 5795-5796).

75. With respect to the OZD sufface, ruptures exceeding subsurface

segment lengths would not be expected (Testimony of Edward G. Heath at

21-22; Greene, Tr. 4300). The longest fault segments in the Miocene

rocks of the OZD segment ranges from about 27-48 km (Id.)

76. It is significant to note that in its evaluation of SONGS at the

CP stage, the USGS did not intend, by referring to the OZD as an

extensive linear zone capable of an earthquake whose magnitude could be

commersurate with it., length, to suggest a single fault capable of

rupturing along its entire length in a single event (Devine, Tr. 5332-

5333; see also Allen, Tr. 4880). -

77. The derivation of the percentage of rupture is based on

earthquakes in a magnitude range of 5.9 to 8.25. For long faults--M. ,

more than 1000 km, the percentage is approximately 25-30. For faults of

about 600-1000 km, the percentage is about 22. For shorter faults, which

include the range of interest for the OZD, the percentage of rupture is

closer to 15-16. Thus, in using the 22 % and 30 % of rupture length

employed by Staff based on Slemmons results in a conservative approach

(Staff Exhibit No.1-DBS, Table E-14; Tr. 6267, 6285), even though the

Slemmons magnitude versus rupture length curves (State of the Art paper,

1977) represent the mean of the data, not the mean plus one sigma (see

Testimony of Heath at 20-21, Tr. 1308, 1310-1313) the level of

_ . .- . - =. .- . . --_-. -. . - . - . .
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conservatism is inherent in selection. of the rupture length itself and

duplication of such conservatism in the curves would result in

unwarranted conservatism (Reiter, Tr. 5795-6). Using Dr. Sleninons'

curve, one would, employing a 48-km rupture length, obtain a magnitude

6.9 (Heath, Tr. 1317-1319).
.

78. Postulation of an earthquake in excess of M = 7 would be
3

inconsistent with the geologic and seismologic evidence of the OZD. In

particular, displacement of about 1 meter could be expected for a

magnitude 6.5 earthquake and 1.7 meters from a M = 7 event. While

displacement of this amount should be observable in the geologic record,

it simply is not presert along the 0ZD. Thus, suggesting an event

exceeding these levels is clearly unwarranted and is unsupported by the

geologie record even with respect to the NIZD (Testimony of Heath at .

22-23; 5 . 1336).

A. Extension of 0ZD into Baja Califcrnia

79. In this context, it is also appropriate to consider the

postulated extension a' the OZD south into Baja California; as previously

noted, we agree that it is truncated at the north by t:1e Santa Monica

faul t. As stated by the USGS and Staff st the construction permit stage,

the 0ZD is a zone extending "at least 240 km" from the Santa Monica

Mountains w+o Baja, California (SER 9 2.5.1.2). Also, as discussed in

Legg and Kentdy (19 9), the 0ZD "apparently merges with the

Vallecitos--m Miguel fault zone, although a connection with the Tres

Hermanos or Agua Blanca fault zones is also possible." (SER Q 2.5.1.11

at 2-43; see also Staff Exhibit No.1-DBS at E-6).

_ _ _ _ _ . - _ _ _ _ . __ _ - . _ _ _ _ - _ ._ _ _ _ _ _ - . , - _._
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80. Evidence of continuity between the 0ZD with the Agua Blanca

through an en_ echelon system connecting to the Coronado Banks is poor and

lacks documentation although it is suggested by Legg and Kennedy (1979).

Such a connection would require a change in strike at San Diego Bay with

a possible change from purely strike slip faulting on the OZD to

prominent normal faulting components at San Diego Bay and perhaps to

Coronado Banks (Staff Exhibit No.1-DBS at E-12-13). Even if the OZD

extends to the Agua Blanca fault, the branching relationship, the

different strike, and possibly different slip mechanism suggest that it

should be considered separately from the Agua Blanca fault; world-wide

data on branching faults indicates that major rupture on one does not

immediately cause major rupture on the other (Id. at E-13' .

81. In view of the possible connection, however, the Staff, through

its consultant, Dr. Slemmons, has evaluated the possible above-described

extension of the 0Z0. If a connection exists, the total lenath between

the Santa Monica fault and Coronado Banks fault is about 150 km; if it

continues to the Agua Blanca fault, it is about 275 km. However, f0r the

reasons discussed in Finding 80 above, use of these distances igoses an

extreme and unsupported assumption. (Id.)

82. A 22 percent rupture length of 250 km (55 km) would suggest an

earthquake of M = 7.0, and for 22 percent of a 275 km length (61 km) to
3

the Agua Blanca, a calculated magnitude of 7.1. Addition of one

standard deviation (a total of 30 percent fault length) voulu yield a

75 km length for the 0ZD including the segment to the Coronado Banks

fault, for a calculated magnitude of 7.2 . With inclusion of the Agua

-. .. - , - . _ - - . ..
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Blanca fault, a 30 percent length (83.km) yields a magnitude of 7.2.

(M.)
83. In response to geestion 351.66, the Applictnts provided a

discussion of the comparable activity of the OZD and the Agua Blanca

faults. The data are summarized in t4 FSAR in Table 361.66-1. The

characteristics that most prominently distinguish the Agua Blanca fault

from the OZD are the slip rate and the geomorphic features. The slip
,

rate on the Agua Blanca is given as 2.7 m/yr as compared to 0.5 m/yr on

the OZD. The geomorphic features of the Agua Blanca fault are

characterized as considerably prominent with a strong linear trace in

alluvium, offset streans, shatterridges, and fault sags. These features

are not characteristic of the OZD. (SER 5 2.5.1.11).

84. In the opinion of the Staff, the tectonic activity of the Agua

B?anca fault is distributed to the northwest via a connection (Legg and

Kennedy,1979), with the Coronado Banks fault. There probably is lesser

distribution to the Maximinos fault via a splay in the Agua Blanca near

Valle Santo Tomas, and the San Clemente fault. (H. )
; 85. Activity may be indirectly distributed to the OZO as a branch or

conjugate fault to the Coronado Banks fault. In view of the above, we

agree with the Applicants that the 0ZD should not be considered
|

| comparable to the Agua Blanca fault, but rather is of a lower order of

tectonic activity. (M.)
86. The postulated connection of the OZD to the Calabasas,

| Vallecitos and San Miguel fault has also been considered.

The southeastward connection to the San Miguel fault zone does not

appear to be likely, due to: (1) lack of both photogeological evidence

-- . . - , . .. - .- __ .. --
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and field evi.dence for continuity (Gastil, Kies and Melius,1979),

(2) some m.ajor faults (Vallecitos), of this zone lack geomorphic evidence

for activity, (3) geologic units do not appear to have substantial

strike-slip offsets, and (4) apparent decrease in activity across the

zone east of the San Miguel fault. This suggests that the San Miguel
,

zone does not connect directly to the 0ZD, or if deep continuity exists,

it is reasonable to interpret this zone in terms of separate, partly e

echelon, individual faults with very low slip rates and low activity that

may be activated independently, and the length of the zone should not be

added to that of the 0ZD. (Staff Exhibit No. 1-DBS at E-13).

87. In addition, the Applicants have extensively investigated the

potential connection described above. The Applicants (see FSAR response

to Question 361.66) have argued that the 0ZD and the major Vallecitos-San

Miguel faults in Baja California should not be associated structurally.

In support of their view they point to an absence of faulting and an

apparent age difference in faulting between the sout hern 0ZD and the'

northern Vallecitos-San Miguel. Seismicity and fault offsets vary

greatly over both fault zones, the most seismically active segments being

the northern end of the 0ZD (Newport-Inglewood fault zone) and southern

section of the San Miguel fault. (SER % 2.5.1.11).

_
88. Gastil (1979) discusses the evidence suggestive of a possible

connection in the fonn of a northwest trendir.g lineament which extends

from the southernmost end of the known Rose Canyon segment of the OZD to

the northernmost end of the known Calabasas-Vallecitos-San Miguel fault

zone. Evidence for the lineament are:

;p.

d
;-,

_ _
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(1) Northwest trending faults in the San Ysidro area at the north

end of the lineament.

(2) Alignment of thermal springs.

(3) Alignment of the Tijuana Valley.

(4) Stratigraphic contrasts or facies changes across the lineament.

(5) A set of northeast trending faults appears to be trunccted by

the lineaments.

(6) Apparent offset (1 km) of the Pacific Boundary faults.

(7) A Richter magnitude 3.5 seismic event toward the south end of

the lineament.

(8) Undocumented report of equivocal evidence for faulting in the

Canon de la Presa, the epicentral location of the magnitude 3.5

earthquake, by Robert Washburn. (Id.)

89. The primary evidence given by Gastil against the lineament being

structurally controlled is that there is no photographic evidence of

faulting in the bedrock exposures across the lineament. This would

suggest that throughgoing faulting has not occurred in the area. The

Staff is of the opinion that the lineament is not an expression of

faulting of the type that would be needed to connect the 0ZD with the
,

Calabasas-Vallecitos-San Miguel fault zone. (_Id. )

VI. CONCLUSIONS 01: RUPTURE LENGTH

90. The Applicants argue that the evidence is not supportive of a

throughgoing fault and that the occurience of only one small earthquake

(the 1978 event) near the proposed connection is evidence of an

historically quiet seismic record. While the existence or nonexistence

of this connection cannot be unequivocally demonstrated at this time, nor

. . . . _. - . - . _ __ _
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can the structural tectonic relationship between the southern 0ZD and

Baja California, be established, we conclude that, based upon the

difference? cited above, it is unwarranted to consider the combined

0ZD-Calabasa-Vallecitos-San Miguel fault zones capable of rupturing along

major portions of its total length. (Id.)
.

91. As further evidence of discontinuity, the Staff's consultant,

Dr. Slemmons, states that the Vallecitos fault lacks geomorphic evidence

for activity. Mesozoic dikes appear to be offset by only 100 m or so

(Gastil 1979) which would indicate very low slip rate activity. He

concludes that, "It is reasonable to interpret this zone in terms of

separate, partly en echelon, indivudal faults with very low slip rates

and low activity that may be activated independently, and the length of

the zone should not be added to that of the 0ZD." Based on the availa.ble

evidence, as discussed above, we agree with Dr. Slemmons' interpretation

that the Calabasas-Vallecitos-San Miguel fault zone should not be added

to that of the 0ZD to fonn a continuous fault zone. It should be assumed

that the two fault zones would rupture independently. (Id.)

92. Significant to our determination is the testimony of Dr. R.

Gordon Gastil, a witness subpoenaed by the Intervenor. Dr. Gastil, a

witness knowledgeable in the geology of this region testified that there

is no physical evidence of such relationship. (Tr. 5909, 5910-11).

Consequently, we are unable, in light of the substantial evidence to the

contrary, to give much evidentiary weight to the evidence offered in

support of a postulated relationship.

. . _ _-.
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VII. OTHER METHODS FOR DETERMIS% r AGNITUDE

93. In addition to the methods of analyzing fault capability, slip

rate, and rupture length, discussed above total fault displacement,

degree of deformation, maximum historic earthquake and maximum surface

displacement have been reviewed to determine the appropriate magnitude to

be assigned to the 0ZD (Staff Exhibit No. 1-DBS at E-15-16).

A. Fault Dicplacement

94. The total fault displacement method using the data available for

the SONGS evaluation provides only a qualitative measure for a maximum

earthquake that is suggestive, but not definitive of, magnitude. Slip

rate provides a similar measure and simultaneously considers displacement

and changes in rate of displacement with geologic time. (Id. at E-15.)

B. Degree of Deformation
,

95. The degree of deformation is difficult to evaluate in southern

California because major surface scarps are poorly developed in the 0ZD

zone of plastic deformation. Although geomorphic expression of the NIZD

is inconspicuous or local, the associated wrench fault style of folding

is well developed. These features are difficult to directly correlate

with other faults where brittle failure occurs at the surface and scarps

and associated landforms are inconspicuous. Thus, the degree of
,

deformation of deposits and development of landforms is difficult to

assess for the 0ZD because of the partial water, or ductile sediments

cover portion of the zone, and the dissimilar nature of rupture in

comparison with many other southern California active faults. (Id.at

E-16.)

. . . . . _ - .. - - -
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C. Historical Seismicity

96. A consideration of historical seismicity for the determination

of the maximum earthquake on the Offshore Zone of Deformation should

include south coastal California and postulated extensions of this zone |
1

of deformation into Baja California. The south coast region of Southern

California in which the SONGS site lies, has not been an area of high

seismic activity either in the historic record (dating back to early

mission records (1769) or the modern instrumental period (about 1943)
,

1

(Testimony of Stewart Smith at 5; see FSAR Sections 2.5.2.1; Tables

2.5.-1 and 2.5-3; Tab;es 2.5-2 and 2.5-4).

97. The ceismic record ir. the southern California region extends

back to the 18th century. Until the early part of this century, reports

of earthquakes that were felt were the only records of those events. .Few

epicenters were reliably determined instrumentally prior to 1932. From

1932 to the present, however, a relatively complete listing of instru-

mentally determined epicenters is available. In the FSAR the Applicants

provided a listing of all non-instrumented events that had reported

Modified Mercalli Scale Intensities of IV or greater and thct could have

reasonably occurred within a 320-kilometer (200-mile) radius of the San

Onofre site. This list was compiled from a number of earthquake

catalogs; the earthquake locations, undoubtedly influenced by population

centers, should be considered very approximate. The grid like pattern

shown in Figure 2.5-15 of the FSAR reflects locating these earthquakes at
.

the nearest degree or half degree of latitude and longitude. It does not

appear useful to attempt to correlate this biased pattern with known

faults. (SER 6 2.5.2.2.)

.- . _. . _ - . .. . . - . .. . .
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98. The Applicants also provided listings of earthquakes of P,ichter

Magnitude 5 or greater within 320 kilometers (200 miles) of the site and

all listed earthquakes within 80 kilometers (50 miles) of the site for

which instrumental records are available. The lists were taken from the

Historical Earthquake Data File compiled by the National Geophysical and

Solar-Terrestrial Data Center, Environmental Data Service, National

Oceanic and Atmospheric Administation, Boulder, Colorado and contains

events through 1975. (Id.)

99. Those earthquakes of magnitude 6.0 or larger can be associated

with specific faults such as the San Jacinto, San Fernando, White Wolf or

Imperial Valley faults. Of particular interest to San Onofre is the 1933

Magnitude 6.3 earthquake on the Newport-Inglewood fault zone

approximately 45 km northwest of the site. This fault zone and a pro-

posed southward extension, the Offshore Zone of Deformation, is viewed as

the major contributor to seismic hazard at San Onofre. Earthquakes in

the range of nagnitude 5.0 to 6.0 appear to be associated with what the

applicants call major " zones of faulting." Many of these earthquakes are

aftershocks of larger events. Earthquakes smaller than magnitude 5.0 do

not necessarily correlate well with specific faults or zones of faulting.

The density of these events varies with location. The vicinity of the

San Onofre site (within approximately 30 km) appears to be one of

relatively low seismicity. (Id.)

100. In the southern coastal region of California, there have been
.

three earthquakes in historical time which could have had a major impact

upon the San Onofre 2 and 3 site. These occurred on November 22, 1800,

December 8,1812, and March 11, 1933. The California Division of Mines
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and Geology (CDMG) has estimated epicenters and magnitudes for the 1800

and 1812 earthquakes based upon felt reports (Toppozada and others,

1979). The 1800 event was located near San Diego and the 1812 event was

located near San Juan Capistrano where the mission was destroyed.

Because there were few European settlements (mostly mi,ssions) in

California at this time, locations based upon felt reports should be

considered as very approximate. Both these earthquakes were estimated to

have had magnitudes of 6.5. It is not quite clear whether this is M or
3

M , but since the calibration function used to determine magnitude
L

(Toppozada,1975) used mostly fi for larger events we can assume that Mg 3

is the appropriate measure. (SER62.5.2.3.1).

101. The 1933 earthquake had both an M and an M f 6.3 and is the
3 L

largest instrumentally recorded event within the south coastal area of

California. Its epicenter was located on the Newport-Inglewood fault

zone, the northern, seismically active section of the OZD. The rupture

length associated with this earthquake (about 30 km) was based upon

aftershock data as there was no surface breakage (Woodward-Clyde,1979).

(H. )

102. In Baja California, the largest instrumental earthquake of

postulated significance to the San Onofre site is the El Alamo earthquake

of February 9,1956, which is associated with the San Miguel fault.

Evidence for and against a connection between the 0ZD and the San liiguel

fault is discussed above. M for this earthquake is reported to be 6.8
3

while Q is estimated as 6.6 (see FSAR response to Question 361.68). The

length of surface rupture for this event was at least 19 km. (M.)

_ _ . . _ __ _. - _ _ _ . __ __ _ _ . _ _ _ . __
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103. On February 24, 1892, a large earthquake occurred which was felt

strongly in southern California, southwestern Arizona, and Baja

California. Information on this cwthquake is limited to felt reports.

Based upon felt reports in Los Angeles, Hanks, and others (1975)
27suggested a seismic moment of 5 y 10 dyne-cm and assumed a le:ation on

the Agua Blanca fault south of the San Miguel fault. Seismic moments of

this size are usually associated with earthquakes of surface wave magni-

tude close to 8. However, recent and more detailed work by Toppozada and

others (1979) states that the 1892 event had a magnitude of 6.9 (probably

fi ) and was located in the Peninsular Range of northern Baja California
3

near the Sierra Juarez fault system. This fault system is believed to be

related to the spreading of the Gulf of California (Gastil and others,

1979) rather than the San Miguel Fault Zone or other postulated .

extensions of the 0ZD into Baja California. Thus, the largest historical

earthquakes which have an impact upon the assessment of the maximum

earthquake on the 0ZD are M = 6.3, 6.5, and 6.5 in southern coastal
3

California and possibly M = 6.8 in Baja California (Id,.)
3

D. Surface Displacement

104. Slemmons (1977) has also developed correlations beten

magnitude and fault displacement. It is not possible to apply this

method directly to surface displacement on the 0ZD because of the plastic

deformation of tertiary sediments (Staff Exhibit No.1-DBS at E-15). We

also find it inappropriate to take total displacement along the 0ZD that

relates to the past few million years and assume that it or any

significant portion of it could occur during one earthquake. However,

the Applicants have developed a correlation between the average yearly

.- .- -- __ -_. _. . . .- . .- _ . _ _ . . . .. .
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displacement (slip-rate) and maximum magnitude (see SER 65 2.5.1.8,

2.5.2.3.2).

E. Fault Area

105. There is no stratigraphic or geomorphic evidence to indicate the -

maximum surface displacements along this zone and hence, the related
,

maximum magnitude. The lack of conspicuous scarps in the NIZD sector may

infer small displacements during the late Quarternary. The plastic

deformation of the Tertiary sediments, with a wrench fault style of

deformation, precludes using this method for the 9ZD. Consequently, this

(Id.)method cannot be applied to the OZD with current data. d

106. For the purpose of estimating maximum magnitude, Wyss (1979),

who advocated the use of source length rather than surface rupture

length, also postulated that fault area (source lensth multiplied by

fault width) would provide a more accurate and appropriate estimate than

length alone. Bonilla (1980) has pointed out some problems associated

with this technique. In order to compare Wyss' proposal with estimates

derived using fault length, maximum magnitude for the 0ZD was computed

assuming a conservative fault width (depth) of 15 km and the rang: of

fault lengths proposed by Dr. Slemmons (Staff Exhibit No. 1-DBS). A

range of maximum magnitudes (6.8 1 M 1 7.2) similar to those estimated3

using other methods was calculated. Because this method also relies upon

indirect estimates of fault or source length and an assumed fault width,

little additional consideration should be given to this approach. (SER

5 2.5.2.3.2).

| 107. In the CP review, the Staff adopted the position of its
i

I seismological consultant (NOAA) that "an acceleration ... for a strong MM

{
t
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intensity X be used to represent ground motion from the maximum

earthquake likely to affect the site." Various correlations relating

magnitude to intensity have been proposed. Assuming an intensity X would

yield, for example, magnitude 7.7 from Gutenberg and Richter (1942), 7

from Richter (1958), 7.1 from Krinitzky and Chang (1975) and 6.75 from

Toppozada (1975). It is not always clear which magnitude scale is being

referred to but, since the data sets rely upon surface wave magnitudes

for the larger events, we assume that f4 is the appropriate measure.
3

However, the Staff does not believe it is appropriate to relate
'

epicentral or maximum intensity to magnitude at high intensities because

of the paucity of data at these intensitities and the presence of other

factors such as site conditions which have a strong effect upon all

intensity estimates. In addition, most estimates are based upon linear

fits to scattered data at lower intensities extrapolated to few, if any,

points at higher intensities. (SER S 2.5.2.3.3). -

VIII. CONTENTION 4 CONCLUSIONS

108. Based upon our evaluation of the various approaches outlined

above, we conclude that an appropriate representation of the maximum

earthquake on the 0ZD to be used in determining the SSE at San Onofre is

fi = 7.0. This conclusion rests upon the combined results from the
g

following approaches:

(1) Evaluation of Historical Seismicity -

(a) largest earthquake in southern coastal California: M =
3

6.3 (1933); possible M = 6.5 (1800, 1812).
3

(b) largest earthquake on postulated extensions of the 0ZD

into Baja California: M = 6.8 (1956).
3

- -- - - _ . . . . . _ . - . _ . . _
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(2) Evaluation of Fault Parameters (in order of relative

importance) -

(a) Slip-rate: utilizing the estimator called Maximum

Earthquake i.imit which incorporates uncertainty in both

magnitude and slip-rate results in M = 7.0.3

(b) Fault-length: utilizing the range of inferred fault

lengths results in estimates ranging from M = 6.6 to M =
3 g

7.2.

(c) Fault-area: utilizing the range of inferred fault lengths

with an estimated fault width of 15 km results in

magnitudes of M from 6.8 to 7.2.
3

109. While it is impossible to absolutely rule out the occurrence of

an earthquake larger than M = 7.0 on the 0ZD, we believe that a maximum
3

magnitude of M = 7.0 is based upca a reasonable and conservative
3

'

interpretation of all available geological and seismological information

which has been obtained from studies which are accurate and represent

state-of-the-art methods for evaluating the seismic potential of the OZD.

|
(SER, 9 2.5.2.3.4; Staff Exhibit No. 1-DBS at E-17).

110. As noted earlier, there is an overlap in contentions 4 and 1 and

thus, the adequacy of the assignment of 0.67g as the design basis or safe

shutdown earthquake (DBE or SSE), is considered at this time. Contention

1 states as follows:

CONTENTION 1

Whether as the result of ground motion analysis
techniques developed subsequent to issuance of the
construction permit or data gathered from earthquakes
which occurred subsequent to issuance of the construc-

|
!

!
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tion permit, the seismic design basis for SONGS 2 & 3 is
inadequate to protect the public health and safety.

I. INTRODUCTION

111. In the seismological review conducted for the Construction

Permit (CP) of the San Onofre Units 2 and 3 site, the staff relied

primarily upon the evaluation provided by the National' Oceanic and

Atmospheric Ach,inistration (NOAA). They assumed the geological

characteristics as defined by the USGS and described above. The " linear

zone of deformation..... extending from the Santa Monica Mountains to at

least Baja California" passing "within 5 miles of the site" was

considered to be of primary importance to the seismic evaluation of the

site. NOAA then states that:

An acceleration of 2/3g, resulting from a strong
strong X intensity (MM) event, (should) be used to
represent the ground motion from the maximum
earthquake likely to affect this site. However, the
accelerogram may contain a few peaks between 2/3 and
3/4g during the 2/3g interval. These accelerations -

could result from an earthquake occurring within a
few miles from the site. Also, it must be assumed
that a similar earthquake could occur at any point
along this zone of deformation. (SER 5 2.5.2.1.)

The Staff agreej with the NOAA evaluation and on this basis approved

the earthquake design basis (anchor point) of 0.679 for the Safe Shutdown
|

| Earthquake (SSE) as being appropriately conservative. The FSAR refers to

the SSE as the Design Basis Earthquake.

112. The response spectra used in conjunction with the above

acceleration values were developed from a scaled, smoothed, and modified,

!
! set of real time histories. The development of these spectra is outlined

in Appendix 2.5.B of the FSAR. The Staff has reviewed the seismological

information presented in the Final Safety Analysis Report (FSAR) and 'ts

i

!

1
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amendments. .Its review of the FSAR has concentrated on the following

topics:

(1) Seismicity in the site region since the CP review and

additional information on historical earthquakes in southern coastal

California and Baja California and determination of the maximum

earthquake on the Offshore Zone of Deformation (0ZD) from historic and

instrumented seismicity and fault parameters which have been discussed

above;

(2) Determination of the vibratory ground motion at the site due to

occurrence of the maximum earthquake on the 0ZD thru the use of empirical

methods, theoretical models and an examination of recent recordings of

strong ground motion from earthquakes; and

(3) A comparison of the ground motion estimated above with the SSE

approved for the construction parmit.

113. These topics resulted from a review of the information that has

been made available since the CP review, either in the literature or

during subsequent analyses of the seismic conditions at the San Onofre

site. The new information does not change the conclusions made following

the CP review regarding the adequacy of the seismic design basis. (Id.)

II. VIBRATORY GROUND MOTION

114. The SER for the San Onofre 2 and 3 CP approved an SSE (then

designated the DBE) defined by a response spectrum shape derived from a

scaled and modified study of real earthquakes anchored at 0.679 It was

also required that consideration be given to peaks of ground motion

between 0.67 and 0.75g. We now turn to an evaluation of that spectrum

,- . ,- - - . . . - .
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with respect.to ground motion from the controlling event defined as an

earthquake of M = 7.0 occurring on the 0ZD at its closest location to
3

the site (8 km). (SER 6 2.5.2.4).

115. Determination of ground motion in the near field of large

earthquakes is a difficult and problematic task. Although "near field"

has several definitions it is being used here in the context of the

" geometrical near field"; that is, at distances less than the dimensions

of the earthquake source. Since the earthquake assumed to occur on the

0ZD is also assumed to result from a rupture tens of kilometers long and

at least 10 km wide (deep), estimation of ground motion at a distance of

8 km from the fault can be clearly conside.ed a "near field" problem.

(Id.)
116. The sources of uncertainty in near-field ground motion

estimation are several. First of all, there has been a relative lack of

data recorded close in (less than 10 km) from earthquakes, particularly

those larger than M = 6.0. The vast majority of data was recorded at
3

distances greater than 20 km. Simple extrapolation of the data to

close-in distances is not easily accomplished since ground motion at

these distances is less sensitive to factors such as gross source

strength, geometric spreading, and seismic wave attenuation which affect

far field motion and is more sensitive to source geometry and details

such as localized stress conditions and direction of faulting. The

interpretation of these near-field effects and the type of "best fit"

curve one uses can lead to large differences in the near field. Those

seismologists who may agree with each other within a factor of two in

predicting ground motion from a magnitude 7 earthquake at 30 km, also

-_. . ._ _ , _ _ . _ - _ _ _ _ _ _ . ._
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find more than an order of magnitude differences in their predictions for

the same earthquake at a distance of 5 km (Swanger and others,1980).

(H. )

117. Recently, a great deal of effort has been placed on theoretical

models of earthquake sources and attempts have been made to theoretically

predict ground motion at various distances. While these efforts are

certainly encouraging they are controlled by assumptions about the

physical nature of the earthquake source. Different assumptions such as

the size of the stress drop and the effect of local inhomogeneities have

a major impact upon ground motion particularly at those frequencies

(greater than 2 Hz) of concern to nuclear power plants. As of this time,

no consensus with sufficient detail exists within the seismological

community that would allow the exclusive use of theoretical modcls in

order to estimate ground motion in the near field. In face of the

problems (not necessarily the same) associated with either the empirical

or theoretical approaches in estimating ner field ground motion, it is

the Staff's position that the most appropriate way to arrive at an

estimate involves the pursuit of both approaches and a conservative

comparison. As there are characteristics of ground motion not directly

related t2 nuclear power plant safety (for example, low frequency motion

and isolated high frequency peaks) it is important to take into account

engineering considerations so as to concentrate the analysis of those

elements which have a direct bearing upon safety. (H.)
i 118. A final confimatory element can also be used to evaluate the

adequacy of the ground motion estimate. The October 1979 Imperial Valley

earthquake (M = 6.9, M( = 6.6) has provided an unprecedented set of data3

--- - - - -- .
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from the fault rupture. In the findings below we discuss the efforts at

predicting ground motion from the controlling earthquake using both

empirical and theoretical approaches and a comparison of their results

with data from the October 1979 Imperial Valley earthquake. We find that j

the ground motion specified in the SER for the San Onofre 2 and 3 CP

exceeds a conservative representation of ground motion expected at the

site from an occurrence of the controlling earthquake; that is, an M =
3

7.0 on the OZO at a distance of 8 km (Id.)_

III. EMPIRICAL APPROACH

119. In order to estimate the ground motion at the site, the

Applicants (Woodward-Clyde,1979) collected all available high quality

digitized and processed horizontal strong motion recordings from the

western United States recorded at site conditions similar to San Onofre

(deep, stiff soil) from earthquakes of magnitude approximately equal to

6.5. This collection, which was assembled prior to the 1979 Imperial

Valley event, yielded 56 recordings from 7 earthquakes. The M of the
L

earthquakes ranged from 6.3 to 6.5 with 48 of the records coming from

eart" quakes of M = 6.4. The M of the earthquakes ranged from 6.3 to
L 3

6.7 with 46 of the records coming frca earthquakes of M = 6.6. (SER3

@ 2.5.2.4.1; see also Testimony of 1. M. Idriss).

120. In order to reduce the bias from the heavily represented San

Fernando earthquake of 1971, a weighting procedure was applied so that
'

each earthquake had equal influence in any given distance interval where

recordings were available. The data (peak accelerations and response

spectrum values at periods of 0.04 to 2.0 seconds at 2 percent damping)

_ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _
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were then fit to a regression curve of a widely used fonn first proposed

by Esteva (1970). (M.)

121. Curves were computed for the mean and 84th percentile (mean plus

one sigma) of each period, and extrapolated to 10 km. This distance was

used assuming the center of energy release occurred on a vertical fault
,

8 km away at depth of 6 km. A 2 percent damped response spectrum of

horizontal ground motion for an M = 6.5 earthquake was then constructed
3

7.0 wasfrom these extrapolated values. A response spectrum for M c
3

estimated (see FSAR reponse to Question 361.54) by multiplying the peak
,

acceleration and spectra by scaling factors. These factors were

determined from several published ratios of peak accelerations at 10 km

for M = 6.5 to M = 7.0 events and an empirical study of the effects of
3 3

magnitude on spectral shape. The peak accelerations associated with t.he'

mean and 84th percentile of M = 6.5 are 0.429 and 0.57g while those
3

associated with M = 7.0 are 0.479 and 0.63g. As expected, larger-
3

differer:es exist in the response spectra at long periods. The SSE

spectrum approved in the CP SER exceeds the 84th percentile M3 = 7.0

spectrum at all frequencies. (M. )

122. During the review of the Applicants' methodology, several issues

were raised by the Staff. The most important of these were:

(1) The adequacy of the assumed attentuation relationship, that is,

that acceleration is proportional to (R+C)B where R is

distance, B detennines attenuation in the far field, and C

determines the flattening of the regression line in the near

field. Based upon examination of the data, C = 20 was judged

to be appropriate. A smaller value of C would tend to increase

|
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near field values. C = 0, for example, implies '9 f...tef

acceleration at the fault.

(2) The effect of focusing upon the assumed results. Focusing is

the effect caused by a propagating rupture which results in

increased seismic amplitudes in the direction of propagation

and lower amplitudes in the opposite airection.

(3) Use of distance to the center of energy release rather than

distance to the fault.

(4) Inclusion of data within the analysis which may have been

recorded on buildings with large foundations and may, as a

result, have lower peak accelerations than the free field.

(5) The impact of including data from northwest California

earthquakes whose locations are subject to large uncertainties.

(Id.)

123. The Applicants' response to these issues follows: .

(1) The appropriateness and degree of conversatism for the choice

of C = 20 was evaluated using a theoretical model of Hadley and

( Helmberger (1980) which simulates the effects of large

earthquakes through the mathematical superposition of small,

well-recorded earthquakes. These studies show that for a

magnitude 6.5 earthquake, the best choice of C is 22 while for

a magnitude 7.0, the best choice would be 30. The use of the

smaller C = 20 would, according to these studies, be

conservative (see FSAR, response to Question 361.53). In

addition a recent study by TERA Corporation (TERA,1980), was

submitted by the Applicants. (See Testimony of Lawrence H.

- - , - - - - -- _ . _ . . _ , _
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Wight). This study gathered all recent earthquake data between
F

magnitudes 4 and 8 at distances less than 50 km. Initially,

one hundred and ninety-two peak accelerations from 22

earthquakes were used. Of these, 31 were from M = 6.5 or
3

greater events retorded at distances less than 10 km. This

data base was subsequently augmented to include 229 PGA's from

?7 events. (Testimony of Lawrence Wight at 10). Regressions

on this data set using different assumptions as to the choice

of B and C indicated little variation in predictions for M =
3

7.0 at 8 km. The predicted peak acceleration is about 0.52 g

for the mean plus one standard deviation. (Id.)

(2) The data set used includes in it much data recorded under

conditions of above average focusing (see FSAR reponse to
,

Question 361.56). In addition, it was argued from a

theoretical point of view that at a distance of 8 km the effect

of changing radiation pattern as seen by the station would

rapidly diminish the effect of focusing (see FSAR response to

Question 361.53).

(3) The Applicants believe that the closest distance to the center

of energy release is more appropriate. However, the data was

also plotted assuming closest distance to the fault. The

original curves assuming closest distance to center of enregy

release were shown to be more conservative at moderate and
.

| close distances (see FSAR response to Question 361.62).
| (4) The Applicants concur with proponents of differences between'

small and large structures (Boore and others, 1978) who state

!
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that "the differences between the data from the large

structures and the small structures are relatively small

compared with the range of eitner data set, and we do not

believe that firm conclusions are warranted solely on the basis

of fonnal statistical tests. The differences may be due to

soil-structure interat, tion, but more study would be required to

demonstrate this" (see FSAR response to Question 361.55).

(5) Removal of data from northwest California earthquakes would

result in lower peak accelerations at 10 km than those

originally proposed. ( Id_. )

124. The answers to the questions raised and the proposed spectra are

reasonable as long as the general limitations inherent in empirical

extrapolation into the near field as outlined above are taken into

account. The conservatism of the estimated ground motion can also be

judged when compared to the theoretical estimates and recent earthquake

data as discussed below. (SER 9 2.5.2.4.1).

125. Based on the TERA (1980) analysis, the Applicants conclude that

a free-field acceleration of 0.52 g (mean plus one sigma) for San Onofre

would be conservative; 0.67 g is thus, a very conservative value for the

SONGS DBE (SSE).

126. The Staff, however, does not base its evaluation on neak ground

| acceleratiun solely. Peak parameters themselves are of no direct use in

design. They are only useful when some other assumptions are made and

the response spectra at periods of interest can be estimated. In the

Staff's review of the adequacy of the seismic design motion at SONGS 2 &

3 heavy emphasis was placed upon direct estimation of the response
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spectra values using empirical metnods_, thcoretical models and

comparisons with recent data without the use of peak parameters.

(Supplemental Testimony of Leon Reiter at 7, following Tr. 5566).

127. The Staff adopts Applicants' proposed Finding 305, regarding the

effects of focusing / directivity.
,

128. The Applicants further established the conservatism of the SONGS

DBE by an analysis of the DBE spectrum in relation to the motion of

structures. (Testimony of Robert L. McNeill). The Staff has not used

any of these considerations in reaching its conclusions as to the

appropriate SSE.

The shape of the initial DBE spectrum for SONGS 2 and 3 was derived

by mathematically propagating virtually all strong motion recordings then

available (1971-1972) through the profile of the San Mateo Fonnation.

Enveloping instrumental spectra were then calculated at the site ground

surface (Testimony of McNeill at 18). -

129. The instrumental spectrum was anchored to a zero period

acceleration (ZPA) of 0.5 g. For conservatism, both the spectrum and ZPA

were increased to 0.67 g, the acceleration amplification ratio was

increased by about 10% and the short-period turning point was decreased

from 0.05 seconds to 0.033 seconds (Testimony of McNeill at 18-19).

130. The modified ' 57 instrumental spectrum was used directly as the

design spectrum, a conservatism since it makes no allowance for

wave-passage, incoherence, mass, depth-of-embedment or other factors

which cause the motion to be less than those recorded by free-field

instruments (H.at19). This conservatism is verified by a comparison

_ __
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of the instrumental equivalent of the.DBE to other instrumental records

including San Fernando (1971) and Imperial Valley (1979) (_Id. at 20-25).

IV. THE0RETICAL MODELING

131. ,s part of the Systematic Evaluation Program of older operating

plants, the Staff is reviewing the design of the San Onofre Nuclear

Generating Station, Unit 1 (San Onofre 1). This review is still under

way and a final evaluation will be published in the future. However, in

support of the seismic reeyaluation of San Onofre 1, the Licensee

(Applicants in this proceeding) has s G nitted a series of theoretical

studies whose purpose is the prediction of ground motion at the site from

an earthquake caused by a rupture along the Offshore Zone of Deformation.

MER 9 2.5.2.4.2; see also, Testimony of Gerald A. Frazier at 4).

These studies (Del Mar Technical Associates,1978, Applicants' .

Exhibit No. 21, GAF-1; 1979a; Applicants' 2xhibit No. 22, GAF-2; 1979b;

1980a, Applicants' Exhibit No. 23, GAF-3; and 1980b; Applicants' Exhibit

No. GAF-4) are descrDed below and in SER Section 2.5.2.4.5 and discussed

with reference to the conservatism of the SSE adopted for San Onofre 2

and 3.

132. For the San Onofre 1 studies, a kinematic source model was

assumed. The procedure for modeling ground motion was accomplished in

three steps:

(1) Fault-slip is characterized in terms of fault type, rupture

velocity, dynamic stress drop (slip velocity at the onset of

rupture at each point on the fault) static stress drop (fault

offset), and duration of slip at each point. Random processes

._. _ _ _ ., .
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are. included to approximate irregularities in actual earthquake

rupture.

(2) Propagation characteristics (Green's functions) are calculated

for the particular earth structure, that is, surface motions

are computed for several hundred point sources along the fault

plane. These earth response calculations include all wave

types up to frequencies of 20 Hz.

(3) Ground motion is calculated by convolving in time and space the

fault-slip characterization from Step 1 with the earth response

functions from Step 2. By specifying hypocentral location,

rupture extent and site location, the different source site

configurations can be examined. (SER I 2.5.2.4.2; also see

Testimony of Gerald A. Frazier at 5-6).

133. For the initial study (Del Mar Technical Associates,1978;

Applicants' Exhibit No. 21, GAF-1) the slip-function was calibrated using

the 1966 Parkfield Earthquake (M = 6.0, M = 5.8). Prior to 1979 this
3

was the best recorded earthquake in the near field. In addition, the

recordings from the 1940 Imperial Valley Earthquake (M = 6.5, M = 7.1)g 3

and the 1976 Brawley earthquake (M = 4.9) were modeled. Utilizing
3j

subsurface knowledge of the San Onofre site, P and S wave velocity,
i

density, attenuation, and layer thickness were computed. Green's

functions were calculated to predict propagation characteristics from

( source depths extending to 15 km, out to epicentral distances of 60 km.

The ground motion modeling centered about the effects of a 40 kn long

rupture at a distance of 8 km from the site. This is an approximate;

representation of an M = 7.0 earthquake on the 0ZO. Sensitivity tests
3
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were conducted to test the effect of variations in site distance, fault

length, and fa' ult location along the 0ZD (focusing), fault deptt,

hypocentral depth, changes in dynamic and static stress drop, duration of

slip, and changes in earth structure, upon estimated ground motion.

(_Id . )

134. In response to the Staff's and its consultants' (Dr. Keiiti Aki,

M.I.T.; Don L. Bernreuter, Lawrence Livermore Labs; Dr. Robert Hermann,

St. Louis University; and Dr. J. Enrique Luco, University of

California-San Diego) review, a revised model and additional studies were

submitted (Del Mar Technical Associates 1979a; Applicants' Exhibit

No. 22, GAF-2). The revisions in the model included:

(1) Utilization of additional randomness.

(2) Revision of the three parameter slip-function.
,

Additional studies were conducted with respect to:

(1) The effect of grid spacing used in the numerical modeling

procedure upon results.

(2) The assumption of a two-parameter slip-function.

(3) Sensitivity of the results to changes in earth structure and

fault parameters. (_Id . )

135. In response to other concerns, the Licensee submitted (Del Mar

Technical Associates,1979b) calculations and discussions relating to

magnitude and moment estimates of the proposed numerical estimates of

ground motion and estimated ground motion at distances greater than

20 km. Utilizing a relationship between seismic moment and surface-wave

magnitude, the M of the hypothesized offshore earthquake was calculated
3

to be 6.94. An Q of about 6 was calculated using the technique
.
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developed by Kanamori and Jennings (1978) to estimate Q from strong

motion records. (SER 6 2.5.?.4.2).

136. In addition to the above-mentioned consultants, the Staff

initiated a separate study carried out on the Illiac Computer by Systems,

Science, and Software (Day,1979) to investigate slip-functions. Making

use of the unique capabilities of the Illiac, numerical dynamic studies

were carried out to test the sensitivity of earthquake slip functions to

fault geometry, functional strength, and prestress configuration. Ground

motion at dfferent distances from the fault was not examined. (M. )

137. The revised model (Del Mar Technical Associates,1979a) used by

the Licensee in generating the proposed response spectra at the San

Onofre 1 site assumes a 40 km rupture maximally focused at the site with

a fault offset of 130 cm and a rupture velocity nine-tenths the shear

wave velocity. Mean and 84th percentile spectra have peak accelerations

of 0.31 and 0.37 , respectively. These spectra fall below the9

empirically-derived spectra for M3 = 7.0 and well below the SSE. (M. )

138. The Staff's consultants reviewed the revised model and

assumptions. Generally, it was concluded that there was an improvement

but questions still remained regarding various aspects, in particular,

the slip function. All felt that the proposed spectra were good

representations of ground motion from rupture on the OZD. There was some

question whether this motion was appropriate for an M = 6.0 or for a
L

larger earthquake. (M.)
139. In general, the consultants suggested multiplication of the

spectra by a factor of about 2 to account for uncertainties in the

modeling process or an increase in magnitude. (See also, Luco, Tr.
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4992). Doubling the mean theoretical. spectra would place it below the

SSE at approximately the 84th percentile level of the M = 7.0 empirical
3

estimate discussed previously. (SER 9 2.5.2.4.2).

140. It is the Staff's position that the modeling procedure utilized

demonstrate the conservatism of the empirically derived, spectra and

particularly the SSE. (Id_. ) We concur.

141. The occurrence of an earthquake in the Imperial Valley in

October 1979 provided an excellent opportunity to judge the adequacy and

conservatism of the previous ground motion estimates and the SSE approved

for the San Onofre 2 and 3 CP. This earthquake of M =6.9andQ=6.63

occurring on the same fault (Imperial) that produced the 1940 M = 7.1,
3

M = 6.5 earthquake resulted in approximately 31 km of surface rupture.
L

Rupture at depth was undoubtedly larger. It was a predominantly .

strike-slip earthquake with some vertical movement at the northern end of

the fault and possibly some simultaneous movement on the adjacent Brawley

Faul t. The fault and vicinity were heavily instrumented and provided the

most extensive set of near-field ground motion recordings available at

distances as close as one kilometer. Aside from a difference in site

conditions (the Imperial Valley is a deep, alluvial valley) this event is

similar to the proposed M = 7.0 maximum earthquake on the 0ZD. (SER3

9 2.5.2.4.3).

142. A comparison (see FSAR response to Question 361.55) of the mean

and 84th percentile empirical attenuation curves with the horizontal peak

accelerations recorded during this event indicate the general

conservatism of the empirical approach. While the mean and 84th

percentile peak accelerations of the new data at 8 km from the fault are

.
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0.32 and 0.44 , the mean and 84th percentile estimated for a magnitude9

6.5 at the SONGS site are 0.42g and 0.579 Only 4 horizontal peak

accelerations at any distance exceed 0.579 These were from the two

components at Bonds Corners (0.819 and 0.669) at 3 km from the fault,

0.729 from one record at Station #6, one kilometer from the fault, and
,

0.61g from one record at Station #4, 7 km from the fault. (SER

6 2.5.2.4.4).

143. A compilation of horizontal response spectra from the October 15

earthquake (see FSAR response tc, Question 361.55) shows that the mean and

34th percentile of 14 response spectra recorded at distances between 6

and 13 km fall well below the predicted mean and 84th percentile spectra

for a magnitude 6.5 earthquake at almost all frequencies. Between 5 and
,

10 Hz, the Imperial Valley spectra approach the level of the predicted.

spectra. (H. )

144. The theoretical model used to estimate ground motion for San

Onofre 1 is currently being evaluated by the Staff with respect to its,

ability to predict observed ground motion from the 1979 Imperial Valley

earthquake (Del Mar Technical Associates,1980b; Applicants' Exhibit

No. 24, GAF-4) . (SER 5 2.5.2.4.5).

145. In order to better fit the observed data further refinements,

mostly additional randomness, were introduced into the earthquake model.

As a result of these refinements, better fits are obtained to the data

particularly with respect to high frequency vertical and close-in

horizontal ground motion. Sensitivity tests were carried out with

respect to changes in the character of slip, inclusion of rupture along

the Brawley Fault, and proximity of the rupture to the surface. (H. )
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146. Although this refined model produced better results for this

earthquake that, the previous model, no comparison was made with respect

to tk.e original predictions for the 1940 Imperial Valley earthquake, the

1966 Parkfield earthquake, and the 1976 Brawley earthquake (Del Mar

Technical Associates,1979a); additional events shown in Supplement II

(Del Mar Technical Associatas, 1980a). Supplement II showed estimates of

ground motion for the 1933 Long Beach earthquake and 1971 San Fernando

earthquake based upon the original (revised) model and some, but not all,

of the refinements introduced above. (M. )

147. It is difficult to judge the relative validity of the original

and refined models without a comparison of at least several different

earthquakes. However, compucation of ground motion at San Onofre using

the refined model provided an assessment as to the significance of these

differences with respect to estimation of ground motion from the

occurrence of an earthquake on the OZD. These comparisons show rough

horizontal ground motion from both models. At differentequivaler d

frequen.. -a:as a different model may be more conservative. With respect

to vertical motion higher ground motion is predicted at high frequencies

utilizing the refined model. This is to be expected since the model was

calibrated with the Imperial Valley earthquake in which several stations

produced anomalously high vertical accelerations. (These accelerations

are discussed in SER 6 2.5.2.4.6.) (M. )

148. As with the response spectra estimated at San Onofre from the
.

original (revised) model response spectra estimated using the refined

model fall below the Applicants empirically derived spectra for an M =
3

7.0 earthquake occurring on the 0ZD. Thus, while the Staff's review of
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the modeling study has not been completed und there may be uncertainty as

to the appropriateness of the different theoretical models proposed,

those examinea do indicate conservatism in the empirical approach. (M. )

149. The Board also heard testimony from Dr. J. Enrique Luco who

appeared as a Board witness, concerning his review of the Applicants'

modeling studies. Dr. Luco has se-ved as a consultant to the Staff in

its review of the TERA / DELTA studies. (Luco, Tr. 4377).

150. While Dr. Luco expressed his views regarding the appropriateness

of certain of the parameters Lsed ia the study, he was emphatic in his

position that he was "not recommendiag a particular value of g fo*

design." (Luco, Tr. 5010).

151. It is also noteworthy that Dr. Luco's recommendation of a value

of 0.8 g (Luco, Tr. 5007-8,5010) is for purposes of defining a free
.

field or instrumental spectrum (Luco, Tr. 5014),

152. Although stating an objection to dc'og so at the beginning-of an

analysis, Dr. Luco acknowledges that it is possible to reduce the design

spectrum from the free-field spectrum. (Luco,Tr. 5021-5022).

153. In general, the thrust of Dr. Luco's position on the TERA / DELTA

studies is that the method needs refinement. (Luco, Tr. 5043).

Nevertheless, Da Luco believes that the " general approach" is "of high

value in estimating the strong motion characteristics at a site."

(Intervenors' Exhibit No. 19 at 1; Luco, Tr. 5094). Thus, for

comparative purposes, the :nodeling approach serves as a useful adjunct to

empirical studies. (H.; see SER 6 2.5.2.4.5).

.._ . . .
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V. 1979 IMPERIAL VALLEY EARTHQUAKE

154. A direct comparison of ground motion recorded from the 1979

Imperial Valley event with the SSE has been made by the Applicants (see

FSAR responses to Questions 361.57 and 361.64). The major difference

between the M3 = 6.9 October 1979 event and the controlling M3 = 7.0

assumed to occur at the OZD is the difference in site conditions. As

indicated above, the Imperial Valley is a deep-alluvial (soft soil)
'

valley, while San Onofre is a stif f soil site that is more rock-like in

character. Boore and others (1978) compared ground motion from the San

Fernando earthquake at rock and soil sites. They found that while there

was no significant difference in peak accelerations, soil sites
4

systematically recorded higher peak velocities and peak displacements.

This observation relates to response spectra in that peak accelerations

can be correlated with high frequency motion and peak velocities and

displacements can be correlated with motion at intermediate and low

frequencies. In other erds, the major difference we would expect

between similar size earthquakes occurring in the Imperial Valley and

near San Onofre would be a higher level of ground motion recorded at

frequencies of 1 Hz and less in the Imperial Valley. (SER 6 2.5.2.4.6).

155. A comparison of the recorded horizontal motions with the

horizontal SSE (anchored at 0.679) indicates the following:

(1) The mean plus one standard deviation level of ground motion at

distances between 6 anti 13 km is well below the SSE. .

(2) The envelope of all response spectra in this distance range is ,

below the SSE except for some small exceedances. This

exceedance is broadest at Bonds Corner some 2 to 3 km from the

fault. (Jd,. )

_ __ __ , _ __ _ . . _ _ . _ _ . _ _ _ -. _ _ . . _ _
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156. A comparison of recorded vertical motion with the vertical SSE

(anchored at 0.44g) indicates the following:

(1) The mean spectral level at distances between 6 and 13 km falls

below the SSE.

(2) The mean plus one standard deviation of response spectra in

this distance range exceeds the SSE by small amounts at

frequencies greater than 2 Hz.

(3) There is some significant exceedance of the SSE by vertical

response spectra at stations at distances less than 6 km. Most

notable is that of Station #6, one km from the fault. The

uncorrected peak vertical acceleration recorded at this site

was 1.74g the highest acceleration recorded anywhere from any

earthquake. (Jd.) .

157. The Applicants indicate that the 2 exceedances are not

significant and points out the following: -

(1) Within a distance of 10 km the fault maximum vertical peak

acceleration is substantially higher than other peaks of

vertical ground motion in recordings with very high peak

accelerations.

(2) Within 15 km of the fault maximum vertical motion occurs early

in the recorded motion approximately 2 to 4 seconds before the

corresponding horizontal peal.:.

(3) Algebraic and vectorial combination of ground motion records

from all three components of motion show that vertical and

horizontal motions dominate at different times during the

i

-,. - -, . - --.
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ground motion (verticali S seconds, horizontal} 5 seconds).

(Ld.)d

158. With respect to the above, the Applicants also indicate that in

the design of San Onofre 2 and 3 the significant ground motion from all

components was assumed to occur at the same time and the assumed duration

of this motion included repetition of high peaks of acceleration was much

longer (80 seconds versus 15 seconds or less) than that recorded a

Imperial Valley. (ld.)
159. Tne Staff agreed with the Applicants' assessment of the

significance of the high vertical motions particularly in light of the

following additional information which indicates that these motions are

most likely related to the particular site conditions in the Imperial

Valley and not directly applicable to San Onofre:
.

(1) Station #6 (which recorded high peak accelerations) has

systematically recorded high peak accelerations from other

earthquakes at other locations (Boore and Fletcher,1980).

(2) Those high vertical acceleratirm occurring at certain stations

within 10 km of the fault did not occur at all stations near

the fault and are believed to be related to the interaction of

the propagating rupture with the thick sedimentary cover

" Archuleta , 1980) .

(3) Those strong motion records from other earthquakes in the past

which have shown relatively high vertical peak accelerations

appear also to be related to site and fault cmoitions not

present at San Onofre. For example, the 1976 Gazli earthquake

caused strong vertical motion because the fault beneath the

__ . , _ . _. _ _ _ _ . _ _ ._
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site ruptured vertically up, towards the site (Hartzell,1980),

and the 1979 Coyote Lake earthquake resulted in high vertical

acceleration at one station because of S to P wave conversion

at the i'iterface between the soft alluvium and finn bedrock at

depth (Angstmanandothers,1979). (Id.)
,

160. In conclusion, the analysis of records from the extremely

well-recorded October 1979 event indicates that the SSE is a conservative

representation of ground motion to be expected at the San Onofre site

frcm occurrence of a similar size earthquake on the OZD at a distance of

8 km. (Id.)

161. We would note that in reaching our conclusion, we have

considered the views of Intervenors' witness, Dr. James Brune. While

Dr. Brune expressed concern about the possibility of exceeding the 447 g

PGA from a seismological standpoint, he has not attached any significancs

to such exceedance in tenns of the design response spectrum or its-use

for SONGS. (Brune,Tr. 4224-5,4228-9,4238). These araas, he

acknowledged, are beyond his expertise, (Brune,Tr. 4224,4231).

VI. OPEN FILE REPORTS

162. Open File Report 81-365 is the latest in a series of reports on.

continuing research by U.S. Geological Survey scientists on the subject

of strong ground motion resulting from earthquakes. Earlier reports on

this subject are: Geological Survey Circular 672, " Ground Motion Values

for Use in the Seismic Design of the Trans-Alaska Pipeline System," by

R. A. Page D. M. Boore, W. B. Joyner and H. W. Coulter,1972; and

Geological Survey Circular 795, " Estimation of Ground Motion Parameters"

by D. M. Boore, W. B. Joyner, A. A. Oliver III, and R. A. Page, 1978. An



.. -_ _ _ . _ _

s.

- 69 -

additional report which was an initial effort by USGS scientists to

update Circular 795 for use in a study for the National Security Council

is USGS Open File Report 81-115. " Scenarios of Possible Earthquakes

Affecting Major California Population Centers, with Estimates of

Intensity and Ground Shaking," Anonymous, 1981. In the main, these

reports represent efforts by USGS scientists to assemble strong motion

data available at the time into a series of predictive relationships

whereby peak ground motion parameters (acceleration, velocity and

displacement) may be estimated as a function of earthquake magnitude,

distance and to some extent, site conditions. Along with the data base

the techniques for treeting the data have changed and there exist

significant differences in the approaches used. (Supplemental Testimony

of Leon Reiter at 5, following Tr. 5566).

163. Open File Report 81-365 (0FR 81-365) uses several new

assumptions in its analysis. These include:

1. The measure of source strength is moment magnitude (M). This

new magnitude scale was originally developed to reflect the

energy release of truly great earthquakes (greater than

magnitude 8.0). Moment magnitude is calculated from the

seismic moment of an earthquake which is determined from very

long period seismic waves. Seismic moment can be shown to be

equivalent to the product of the physical properties of

rigidity, fault area and fault displacement.

2. The shape of the attenuation curve (fall-off of peak amplitude

with distance) is magnitude independent. Within the range of

data (5.0 1 M 5,7.7 for peak acceleration and 5.3 < M 1 7.4 for

. _ -- - _ . . _ - - _ __ _ ., _ ___
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peak velocity) it is assumed that the relative rate of peak

attenuation with distance is the same for all magnitudes.

3. Within the range of data it is also assumed that their is no

saturation with magnitude at close distances to the fault.

There is a simple log-linear relationship between peak

acceleration (or peak velocity) and magnitude at all distances.

This assumes, for example, that the relative proportional

increase in peak acceleration at a distance of 5 kilometers is

same when magnitude is increased by 0.5 units regardless of

whether one is considering M = 5.0 or M = 7.0. (Id. at 6).
164. Utilizing the prediction equations in 0FR 81-365 and the

controlling conditions at San Onofre (M3 = 7.0 on the Offshore Zone of

Deformation at a distance of 8 km) results, for example, in predicted

peak accelerations of 0.479 and 0.879 at the 50th and 84th percentile

levels. We assume here that moment magnitude (M) equals surface wave

magnitude (M ).
3

165. OFR 81-365 should not be used to assess the adequacy of the

SONGS 2 & 3 design ground motion for the following reasons:

1. This is an open file report of ongoing research and its results

may be subject to change under further analysis. Some of the

assumptions indicatea above are controversial. In the

hierarchy of USGS publications Open File Reports primarily

serve the purpose of getting information into the public

domain. (Reiter, Tr. 5565).

2. The authors themselves raise doubts as to the applicability of

their results to situations such as San Onofre. They state

-- . - _
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"For distances less than 40.km from earthquakes with M greater

than 6.6, the prediction equations are not constrained by data

and should be treated with caution."

3. OFR 81-365 presents equations for predicting peak ground

motion. The seismic design ground motion is , defined by a

re gonse spectra which represents motion at different periods.

Peak parameters themselves are of no direct use in design.

They are only useful when some other assumptions are made and

the response spectra at periods of interest can be estimated.

In the Staff's review of the adequacy of the seismic design

motion at SONGS 2 & 3 heavy emphasis was properly placed upon

direct estimation of the response spectra values using

empirical methods, theoretical models and comparisons wnr.

recent data without the use of peak parameters. (Supplemental

Testimony of Leon Reiter at 7, following Tr. 5566).

166. 0FR 81-365 has been recently revised and submitted for

publication in the Bulletin of the Seismological Society of Anerica.

Although the results for peak acceleration are not significantly changed

from 0FR 81-365, the revised article predicts a mean value for PGA for an

M = 7 event about 2% lower. (Boore, Tr. 4754).
3

167. A prior Open File Report, 81-115, has also received attention in

this proceeding. This report, entitled " Scenarios of Possible Earthquake

Affs ting Major California Population Centers, with Estimates of
.

Intensity and Ground Shaking" (1981) was prepared in an extremely short

period of time, solely for the purposes of the National Security Council

review. It should not be taken to represent either a comprehensive
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statement of. earthquake hazard throughout California or a definitive

statement regarding the effects of any specific earthquake; it has very

little if any impact on the evaluation of an earthquake hazard at a

specific site (Devine, Tr. 5331; see also Tr. 5408-9;5431).
~

Accordingly, no weight is given to it in this proceeding.

168. The recurrer.t theme of the testimony of Intervenors' main

witness, Dr. James N. Brune, is that there is insufficient data to allow

us to predict with confidence, the maximum magnitude and corresponding

ground acceleration for purposes of licensing SONGS 2 & 3. (Testimony of

James N. Brune, e.g. at 3). It is his view that these matters are

scientifically unsupported. (Id.at11).
169. In support of his position, Dr. Brune cites from a report by the

National Academy of Sciences entitled " Earthquake Research for the Safe
,

Siting of Critical Facilities" (1980). Contrary to Dr. Brune's

interpretation of the significance of this report, one of its authors,

Dr. Clarence R. Allen, who was subpoenaed as a witness for the

Intervenors, testified that v511e the report indicates that there may not

be optimal information for purposes of design, this is not to say that

there is not adequate information (Allen, Tr. 4665). As a consequence,

while some structures with deficient resistence may have been built, more

often critical structures have been built using excessive conservatism to

compensate for oJr acknowledged ignorance. (Allen, Tr. 4668). Dr. Brune

could not and indeed did not venture an opinion regarding the design of

SONGS. (Brune, Tr. 4582).

170. The conservatism of the SONGS design was attested to by the

Staff's witness, Dr. Reiter, who considers the facility, one of at least

_ __ _ -_ ._. .
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30 that he has reviewed (Reiter, Tr. 5585), to be probably the most

conservatively designed. (Reiter, Tr. 5597-8).

171. Further, with respect to near-field data, although there is a

sparsity of data, this has been improved considerably as a result of such

events as Imperial Valley (1979) (Allen, Tr. 4682; also, Supplemental'

Testimony of Leon Reiter at 3, following Tr. 5566).

VII. NEW SEISMIC INFORMATION

172. In subsequent amendments to the FSAR, and in response to Staff

question 361.41, the Applicants have providet post-1975 (through

September 1979) seismicity information fr se region within 320

kilometers of the site. Earthquake activity for data sets greater than

Local Magnitude (M ) 3, 4, and 5 were examined. No distinctive new
L

patterns of seismicity different than that evident in the pre-1975 data

were observed. (Id.)

173. Localized data sets of all magnitudes were also collected and

evaluated in several reports submitted to the NRC and the applicants.

174. Two small earthquakes of 3.3 and 3.8 local' magnitude occurred on

January 3,1975 nears San Juan Capistrano, California. Although the

events were felt in nearby communities they did not trigger the strong

motion instruments at SONGS, approximatley 20 XM away. The preliminary

locations of the events were near the central portion of the Cristianitos

faul t. Therefore these events were of concern to the NRC Staff because

if the Cristianitos fault had generated these events, this would consti-

tute significant evidence that at least a portion of the fault might have

moved during historic time and thereby the fault may be considered

_ , _ - . . - ._ . . . -
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capable. (SER 9 2.5.1.7. paragraph .1; Testimony of Shawn Biehler at

4-5).

175, A program of investigations was conducted by the Applicants to

evaluate the relationship of the twu seismic events to the tectonics of

the area and the Cristianitos fault. A number of studies of the area

were undertaken, including a geomorphic study, an evaluation of micro-

seismic events, a study of focal mechanisms, the construction of a

sub-surface contour map with appropriate geologic structure sections, an

updating of historic seismicity, and geophysical surveys. The results

were integrated to develop the relationship between historic seismicity,

including the two recent events, and the regional tectonic structure and

in particular the Cristianitos fault. (SER2.5.1.7;Biehler, written

testimony, p. 4-5.)

176. Utilizing data obtained from new velocity models, the Applicants

placed the hypocenters of the two January 3,1975 events too far west to

be on the Cristianitos fault zone. Using the best seismic model for

crustal structure, the Applicants concluded that the two seismic events
1

i appear to be associated with a northeast-trendig fault which parallels
|

| Trabuco Canyon. This conclusion is supported by the focal mechanism
i

I study which indicates that the sense of motion was left-lateral oblique

thrust, which is opposite to the historic normal dip-, lip motion on the

Cristianitos fault. (SER, QQ 2.5.1.7., 2.5.2.2.; Testimony of Shawn

Biehler at 7-8.)
.

177. Another report (West,1975) resulting from the applicants'

studies evaluates the geologic structure and tectonics of the Capistrano

Embayment. It concludes that no significant movement has occurred along

- _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ .
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the Cristianitos fault since late Pl.iocene time. The study indicates

that the epicenters of the January 3, 1975 earthquakes did not occur on

the Cristianitos fault. In fact, there was no substantial evidence that

any geologic structure, as interpreted by the study, is compatible with

the epicenters. The report states that the earthquakes may be the result
,

of differential settling within the Capistrano embayment. (SER

$ 2.5.1.8.)

178. A cluster of five small earthquakes occurred between June 29 and

July 1, 1977. The largest magnitude recorded was 2.7. Using the crustal

velocity model designed and used for the 1975 events, the location of the

cluster events was determined to be approximately 2.5 km north of the two

1975 events and within Trabuco Canyon. These events appear to be part of

a broad band of low level earthquake activity in the Capistrano .

embayment. (SER f 2.5.2.2; Testimony of Shawn Biehler at 8.)

179. Based upon all the available evidence the NRC Staff has-

concluded that these and the other small earthquakes in the embayment

appear to be scattered rather than aligned along faults. These scattered

locations and the focal mechanisms discussed above do not indicate any

direct relationship between seismicity and observed faulting including

the Cristianitos fault within or on the boundaries of the Capistrano

Embayment. (SER l 2.5.2.2, last paragraph.)

180. The Board has also considered evidence presented by Intervenors'

witness, Dr. John Anderson regarding the occurrence of several

earthquakes in the Mammoth Lake region of California in May 1980, as well

as that presented by Dr. David Hadley for the Applicants.

. . . .. . - __ _. . -. . _
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181. While the data includes what appears to be a high-ground

acceleration, we believe it is inappropriate to use this data point in

evaluating the ground acceleration at the SONGS site. First, it is not

clear on what fault these events occurred (Anderson, Tr. 4628,4932-4935)

and we cannot, therefore, determine the type of faulting with any

confidence. Second, the strong motion recording of this acceleration

(0.72 g at Station 3754) was obtained from an instrument which was not

properly installed thus casting significant doubt on the validity of the

data recorded. (Anderson,Tr. 4630,4936).

VIII. CONCLUSIONS ON VIBRATORY GROUND MOTION

182. Our position with regard to the SSE approved at the CP stage can

be summarized as follows:

(1) Specification of the controlling earthquake for determining the

SSE at San Onofre as an M = 7.0 on the 0ZD is conservative,
3

(2) The Applicants' estimate of horizontal ground motion from this

earthquake utilizing an empirical methodology is reasonable and

conservative and results in an estimated response spectra less

than the SSE, for which the facility was designed, at all

frequencies.

(3) The conservatism associated with this estimate is supported by

a comparison with those estimates computed from San Onofre 1

using theoretical models and with the extensive near-field data

set recently recorded from a M = 6.9 earthquake in the
3

Imperial Valley.

(4) The SSE for vertical motion is considered to be appropriately

conservative. Exceedance of the vertical SSE at some stations
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in the Imperial Valley earthquake is not considered to be

s:gnifictnt due to the short duration of the high acceleration

and the lack of correlation between horizontal and vertical

peaks of motion. In addition these conditions which are

believed to have caused the anomalous high vertical ground

motion in the Imperial Valley are not present at San Onofre.

(SER 9 2.5.2.5).

183 Therefore, based upon our review of the Applicants' submittal of

new information which has become available since the San Onofre 2 and 3

CP review, we reaffirm the conclusion reached at that time that the San

Onofre 2 and 3 SSE high-frequency acceleration anchor point (0.679) and

design spectrum are acceptable.

CONTENTION 3

Whether the seismic design basis for SONGS 2 & 3 is
inadequate to protect the public health and safety as
a result of discovery subsequent to issuance of the -

construction pemit of the following geologic
features: (1) ABCD features at the site; (2)
Features located at Trail 6, Target Canyon, Dead Dog
Canyon, Horno Canyon, and "0nshore Faults E & F"; (3)
Such other features as the parties may agree are
relevant to the seismology of the SONGS site or with
respect to which intervenor Friends of the Eartn
makes a threshold showing of relevance.

I. ETRODUCTION

184. The geology of the site was reviewed in detail prior to issuance

of construction pemits for San Onofre 2 and 3 by the Staff of the U.S.

Atomic Energy Commission (AEC), the predecessor to the U.S. Nuclear

Regulatory Commission (NRC), and its geological advisor, the U.S.

Geological Survey (USGS) and its seismological advisors, the National

Oceanic and Atmospheric Administration. The findings of that review were

. - -- ..- . . -- - .
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published on October 20, 1972 (U.S. Atomic Energy Commission, 1972) as

part of the Safety Evaluation Report relating to construction of San

Onofre 2 and 3. (SER S 2.5.1.1).

185. Additional investigations made by the Applicants after the

issuance of construction permits for San Onofre 2 and 3 were prompted by
,

discoveries of faulting in and around the site area and by the occurrence

of new seismic activity in the site vicinity near the Cristianitos fault.

The incidence of anomalous geologic features, consisting of linear shear

zones, discovered during the excavation for San Onofre 2 and 3 into the

San Mateo fomation, is reported in " Safety Evaluation of the Geologic

Features at the Site of the San Onofre Nuclear Generating Station,"

issued by the NRC on July 8,1975 (Staff Exhibit No. 9) and is also

summarized below. (SER92.5.1.1).

186. Mr. A. Thomas Cardone testified for the NRC Staff concerning the

following geologic features: (1) ABCD features at the site; (2) Trail 6

landslide; (3) Target Canyon, Horno Canyon and Dead Dog Canyon features;

and (4) onshore faults E & F. (SER Sections 2.5.1.3, 2.5.1.4, 2.5.1.6,

2.5.1.8). Mr. J. L. Smith and Dr. Perry L. Ehlig testified on behalf of

the Applicants regarding Contention 3 (J. Smith, written testimony,

p.1-19; Ehlig, written testimony, p.1-4; Exhibits No. 25, JLS-1,

| No. 26, JLS-2, and No. 27 JLS-3) and Mr. Mark Legg testified for F0E

regarding the ABCD features at the site. (Legg, written testimony,

p. 8-10).

187. The written and oral testimony of Mr. Richard Simons concerning

Contention 3 has been rejected by the Board. (Tr. 5187-98; July 28,

1981).

- - _ _ _ - - _ _ _ _ - _ _ _
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II. DISCOVERY OF ABCD FEATURES

188. On June 5,1974, the Applicants advised the NRC Staff that

enomalous geologic features had been discovered at the site during the

excavation for San Onofre 2 and 3. On June 8, 1974, the NRC Staff and

USGS staff examined the features at the site which consisted of a

conjugate set of linear shear zones (designated A and B type features by

the Applicants) within the San Mateo fomation. These shears exhibited

minor mutual displacement of not more than 4 inches at their

intersection. (SER Q 2.5.1.3; Staff Exhibit No. 9 at 1, 2).

189. On September 11, 1974, the Applicants informed the NRC Staff of

the discovery of two additional geologic features, designated by the

Applicants as C and D features. The NRC Staff examined these features at

the site on October 3, 1974. On November 1,1974, the Applicants
,

submitted their report (Fugro,1974) of investigations of these features.
1

A final report of all geologic features observed was submitted in.1976.

(Fugro,1976). Sufficient information and analyses had been generated by

the Applicants in the interim reports to pennit the NRC Staff and its

advisors, the USGS staff, to complete their evaluations prior to

submittal of the final Fugro report in 1976. (SER 6 2.5.1.3).

190. After the discovery of the A, B, C, D Type features, the

Applicants ccnducted extensive investigations in the San Onofre area.

However, the NRC Staff did not request the Applicants to conduct any

seismic reflection profiles because they do not provide as good

information as trenching. Trenching was conducted extensively throughout

the SONGS area and is a preferable method for detennining offset and age

dating purposes. (Cardone, Tr. 6678).
,

!

i
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191. No. seismic reflection studies were conducted with respect to the

A, B, C, D Type features because there would be no way of observing such

minor features on the reflection profiles. (J. Smith,Tr. 2819-20).

III. SAN ON0FRE SITE GE0 LOGY

192. The San Onofre site is in the Peninsular Range Physiographic

Province of California. The province is characterized by northwest

trending faults and physiographic features that extend from the

Transverse Ranges southward into Mexico. The site is on the narrow,

gently sloping coastal plain which extends seaward from the Peninsular

Range uplands. The plain is terminated at the sea shore where it forms a

relatively straight seacliff rising 60 to 80 feet above sea level.

Erosion has resulted in deeply incised barrancas being cut into the

coastal plain terrace in the plant site area. (Staff Exhibit No. 9 at

3-4).

193. In the site area a Pleistocene terrace deposit of non-marine and

marine origin is exposed in the seacliff where it overlays the San Mateo

| Fonnation of Pliocene age. During the Pleistocene, w;ve action eroded a

gently seaward sloping bench in the San Mateo Formation which was later

covered by poorly stratified terrace deposits. These deposits are now

between 30 and 50 feet in thickness. Potassium-argon dating shows the

terrace to be approximately 100,000 year; old. (Staff Exhibit No. 9 at

4).

194. San Mateo Formation: The San Mateo Formation of Pliocene or

Mio-Pliocene age is widely distributed west of the Cristianitos Fault.

It is also wtl1 exposed alor.g the sea coast, and underlies the SONGS

site. The formation consists predominantly of massive, light-brown to

. -, . . - . .. , - ., . - - _ . - - - , - - _ , - - . . - - --- ~. - -. -
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light-gray, arkosic sandstone with scattered interbeds of gravel

consisting of rounded pebbles, and layers of fine grained silty sandstone

and siltstone. The sandstone forms steep canyon walls and nearly

vertical cliffs along the seacoast. Locally, large fragments of

siltstone and claystone, up to 10 feet in diameter, have been found in

the San Mateo sandstone. These are believed to have been deposited by

turbidity currents or submarine slumping durtng deposition. (Steff

Exhibit No. 9 at 4-5).

195. Pleistocene marine and non-marine deposits have been recognized

in the site vicinity. The primary Pleistocene terrace deposit in the

site area is described as foliows: Unit Qt is a series of crudely
z

stratified mixtures of brown to gray brown sand, silt, and clay with

scattered lenses and layers of gravel, cobbles and boulders. This unit

represents both marine (Qm) and non-marine terrace materials deposited

over wave cut benches and alona the lo,< flank or flood plains of San

Mateo and San Onofre Creeks. Source material for the terrace deposits

was detrital debris from the foothills- At the site, marine terrace

deposits (Qm), a subdivision of Qt , occur as small, localized pocketsy

within erosional irregularities in the San Mateo Fonnation. At the SONGS

site, the terrace materials (Qt ) have been deposited on a broad, gently
y

sloping coastal plain that is extensively developed along the San Onofre

coast. The thickness of Qty (including Qm) rarges from 30 to 50 feet

with Qm being the lower 5 feet in localized areas. (NRC Staff Exhibit

No. 9 at 5).

196. Age dating of California coastal terraces has been accomplished

by three different approachts: (1) minimum dating by use of Carbon-14;

., _
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(2) dating shell materials by the use of Thorium-protactinium

disequilibrium determinations; and (3) inferences based on regional

terrace elevations. It can be concluded with some confidence, therefore,

that the Qt terrace in the vicinity of the SONGS site was developedy

about 100,000 years before the present (Y.B.P.). (Staff Exhibit No. 9 at

6-7).

IV. A AND B FEATURES

197. As noted earlier, (Page 2, Finding 5) the first two sets of

shear zones discovered at the SONGS 2 and 3 site were designated by the

Applicants as Type A and Type B shears. (SER 6 2.5.1.3).

198. The Type A shears strike between north and N 10*E, and the

Type B shears, strike approximately N 50*W. The two sets of sheu s have

a similar appearance caused by crushing of sand grains along the shear

planes. They are as much as 10 inches wide at the site, are essentially

linear, and dip nearly vertical. (Staff Exhibit No. 9 at 8, 28;

J. Smith, Tr. 2656, 2703; Applicants' Exhibit No. 25, JLS-1, pp. 3,17)

199. The Type A shear 7ones, which occur in four principal strands,

converge northerly in the site area. Their northerly and southerly

extent has not been detenaired. No Type A features were located that

were more than thirty to forty feet in length and were not interrupted by

Type B fea tures. Therefore, no Type A features were found that traversed

the San Onofre site as a single, through-going feature. (J. Smith,

Tr. 2869, 70, 71).

200. The absolute end of the Type A features could not be found

because of the thickness of saturated beach sand which precluded further

trenching, but the decreasing progression of the width of the Type A

- , . - - - .- .. - -. , -. - ~ . .- -. _. .
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features indicates' that they were dying out as they approached the sea

cliff. The Type A features are from four to six inches wide in the

central part of the site and thin-out to approximately 3/4 to 3/8 of an

inch at the sea cliff. (J. Smith, Tr. 2802-04).

201. Six strands of the Type B shears are exposed in the site. These

continue beyond the site to the northwest, but all visible strands of

this set terminate in the southeasterly direction within the site

excavation. (Staff Exhibit No. 9 at 8-9 and 28; J. Smith, Tr. 2803).

202. No effort was made to find the vertical depth of the f- and
3

B Type features. A good exposure of the features was obtained in both

horizontal and vertical aspects at the site. In addition, these are

minor features so there was no particular reason to search for their full

depth. However, the features were found some 200 to 300 feet above sea

level in area 3 so it is anticipated that they extend to that depth

within the San Mateo formation. (J. Smith, Tr. 2793-94).

203. Where the two sets of shear zones intersect, each offsets the

other. The maximum total displacement at their intersections and across

clay inclusions has been observed not to exceed 4 inches. The sense of

displacement is consistently left lateral for the Type A shears and right

lateral for the Type B shears, indicating the development of a conjugate

set of shears zones. (Staff Exhibit No. 9 at 9, 28).

204. Shear zones similar to those at the site are reported in the

Applicants' investigation as occurring in an abandoned quarry 1.7 miles

northwest of the site and along the sea cliff approximately the same

distance northwest of the site. Thus, the features are not unique to the

San Onofre site. Wherever the shear zones are observed in an exposure

-- - . - - - _ . - - .-.- -. . . . .. - -



. -_ _

. ...

- 84 -

with overlying terrace depcsits, they are truncated by the terrace

deposits. This relationship indicates that the shear zones are fomed

within the San Mateo Fomation prior to the deposition of the overlying

terraca deposits. Thus they can be assigned a minimum age of 70,000 to

120,000 years based on the age of terrace deposits which overlie the

eroded surface of the San liateo Fomation. (Staff Exhibit No. 9 at 9,

29; Applicants' Exhibit No. 25, JLS-1, p. 23; J. Smith, Tr. 2672-74.

205. The shear zones fom a conjugate set consistent with the

application of regional compressive forces in a northwest-southeast

direction and in the opinion of the NR; Staff, the shear zones resulted

from these wide spread northwest-southeast compressional stresses.

(Staff Exhibit No. 9 at 9-10, 29; Applicants' Exhibit No. 25, JLS-1,

p. 25, B-3, B-4).

206. The shear zones were not created by movement on the Cristianitos

Fault which strikes North-South, approximately 3000 feet inland of the

San Onofre site. The Cristianitos fault is a nomal fault and its last

movement was from ten to four million years ago under an extensional

environment, whereas the A and B Type features are the result of a

compressional environment. Therefore, it is not possible for a

structural and tectonic relationship to exist between the Cristianitos

fault and the Type A and B features. (Cardone,Tr. 6638,6646-47).

(Staff Exhibit No. 9 at 9, 29; J. Smith, Tr. 2654).

207. The A and B Type features are not surface expressions of a deep
i

seated shear zone. They are only surface expressions of themselves and'

they exist in the San Mateo formation because of the characteristics of

that formation. They are not parallel to the Cristianitos fault--or to

!
|
!
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any other known fault. In addition, the A and B Type features have a

sense of motion that is not compatible with notion on the Cristianitos

faul t. (J. Smith, Tr. 2797-98).

208. An apparent offset in the marine terrace deposits was discovered

by the Applicants in the south wall of a barranca just east of the Unit 2

during excavation. The exposure appeared at first to be a fault with

vertical offset of approximately 11 feet juxtaposing the marine terrace

deposits (Qm) and the San Mateo Fomation. The plane of apparent offset

approximately coincides with and is aligned with one of the Type A linear

shear zones in the San Mateo Fomation. However, detailed mapping of

this feature confirms that the plane of contact which initially appeared

to be a fault plane is an erosional surface. The NRC Staff and its

i advisors, the USGS, were present when the marine terrace contact was
|

| exposed and no displacement of the eroded marine terrace deposits across

the Type A feature were found. (Staff Exhibit No. 9 at 12-13, 19, 30;

Applicants' Exhibit No. 25, JLS-1, p. 4).

/ C FEATURES

209. The Type C feature extends approximately 60 feet through one

excavation cut-slope northeast of San Onofre Unit 3. No other Type C

features were found outside of this site area. (Staff Exhibit No. 9

at 14; Applicants' Exhibit No. 26, JLS-2, p. 8).

210. The strike of feature C is N 50 W to N 60 W and it dips between

5 and 19 NE. (Staff Exhibit No. 9 at 14).

211. Feature C has not been observed to intersect the Type A, B or D

features or the terrace deposits. (Staff Exhibit No. 9 at 14;

Applicants' Exhibit No. 25, JLS-1, p. 8).

_ _ _ _ _ _ _ - _ _ - _ _ _ _ _ _ _ _ _ _
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212. The Type C feature consists of thin, white resistant ribs

approximately 1/8 to 1/4 of an inch wide. As such, they are very similar

to the Type A and B features. (Staff Exhibit No. 9 at 14; Applicants'

Exhibit No. 25. JLS-1, p. 7).

213. The C feature has the crushing and gouge characteristics of the

Type A and B features indicating a contemporaneous origin. In addition,

the Type C feature has similar properties to the A and B features,

further strengthening the concept of contemporaneous development. (Staff

Exhibit No. 9 at 14; Applicants' Exhthit No. 26, JLS-2, p.18).

VI. D FEATURE

214. The Type D feature consists of a sinuous pattern of individual

hairline fractures which continue across the excavations for Units 2 and

3, but tenninate in the north and west cut-slopes of the Unit 2

ext.ava tion. This feature has a distinctly planar surface and contains no

gouge, cementation, or crushed material. It is, thus, dissimilar to the

Type A, B and C features. (Staff Exhibit No. 9 at 14-15; Applicants'

Exhibit No. 26 JLS-2, pp. 8-9; Testimony of Jay Smith at 7-8).

215. Displacement on the Type D feature is in a reverse sense. The

displacement ranges from a low of 1/8 inch to a maximum of 2-3/4 inches.

The direction of slip is south, parallel to or along the line of the

Type A features. (Staff Exhibit No. 9 at 14; Applicants' Exhibit No. 26,

JLS-2, pp. 8-9; Testimony of Jay Smith at 7-11).

216. The Type D feature ;trikes approximately N 70*W and dips between

15 and 20*NE. The attitude of the feature correlates closely with

interbedding in the San Mateo sandstone. (Staff Exhibit No. 9 at 15).

_ . . . _ _ _ .,. _ _ _ _
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217. The age of feature D can be detemined by its relationship to

the Type A and Type B shear zone. It does not intersect the Type C

feature. The color banding, a remnant of ground water action, clay

inclusions, and the overlying terrace deposits are also indicative of its

age. When the Type D feature intersects the above features, they are

offset in a reverse direction with the notable exception of the terrace

deposits. (Staff Exhibit No. 9 at 15).

218. During Staff's October 3,1974 site inspection, the D feature

was followed easterly from the Unit 3 excavation to the location where it

intersects the terrace deposits. The Applicants had exposed the

fault-terrace contact by trenching at that point. The Staff closely

exanined and photographed the contact and Staff concluded that the

feature was truncated by the terrace deposit and therefore, predates it.

The NRC Staff, therefore, concluded that the Type D feature is younger

than the Type A and Type B shear zones but older than the terrace

deposits. (Staff Exhibit No. 9 at 15; Applicants' Exhibit No. 26 JLS-2,

p. 11).

219. An evaluation of the mechanics of fracture by the Applicant led

to the conclusion that fault D, with its absence of a crushed zone and

gouge material, was fonneo at mean lithostatic stresses below about

10 kilograms per square centimeter. This would indicate that overburden

thickness was about 60 feet at the time of its formation. Fault D was,

therefore, fomed when the upper level of the San Mateo Formation was not

much different than its present elevation, but before the deposition of

the overlying terrace depo its. (Staff Exhibit No. 9 at 11).

- _ _ - _ - _ _ _ _ - _ _ _ _ _ _ - - _ - _ _
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VII. CONCLUSION ON ABCD FEATURES

220. In the opinion of the NRC Staff, the Applicants havc developed a

concise and acceptable history for the evolution of the Type A, B and D

features and the Type C feature can be related to these. The NRC Stoff,

therefore, concurs in the following history of these features as set

forth by the Applicants:

Therefore, the sequence of events is that during sone
stage after the formation and probably at least
partial consolidation of the San Mateo material, a
north-south component of horizontal stress began to
increase. At the same time, an east-west component
decreased. These stress changes eventually resulted
in the generation of the nearly vertical conjugate
set of A and B features in the fomation at a depth
of at least 300 feet below the upper surface existing
at that time. The lateral extension pemitting the
reduction in the east-west component eventually
stopped when the shearing displacement reached the
level currently observed. Erosion of the upper
surface proceeded, lowering the surface by about
200 feet, when the generally north-south compression
continued, or was reactivated with some rotation
towards a more northerly direction. The consequence
at this time was the development of the D shear
fea tu re. It is concluded that this shear was
generated when the upper level of the San Mateo was
not much different from its present elevation but
before deposition of the overlying terrace gravels.
(Fugro Report, July 12,1974).

221. We have considered the Applicants' report, " Analysis of Geologic

Features at the San Onofre Nuclear Generating Station." Based on our

review and evaluation, we conclude that these geologic features are not

capable faults as defined in Appendix A to 10 C.F.R. Part 100. (Staff

Exhibit No. 9 at 17, 3|; SER 6 2.5.1.3; Fugro Report, July 12, 1974;

Applicants' Exhibit No. 25, JLS-1).

222. In addition, we have considered the Applicants' report,

" Analysis of C and D Type Features at the San Onofre Nuclear Generating
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Station." We believe that this report satisfactorily explains and dates

the occurrence of the C and D features. The conclusions reached by the

Applicants appear to be valid and well documented. Based on our review,

and evaluation, we conclude that the Type C and Type D features are not

capable faults as defined in 10 C.F.R. Part 100, Appendix A. (Staff

Exhibit No. 9 at 18, 31; SER 9 2.5.1.3; Fugro Report, November 1,1974;

A vlicants' Exhibit No. 26 JLS-2).

A. Lime-Filled Crack Over Cristianitos ...it

223. A condition suggestive of Holocene movement on the Cristianitos

fault, was observed in a trench excavated in colluvium where the main

branch of the Cristianitos fault crosses Oso Creek. A single lime-filled

fissure was found in the trench wall immediately over the Cristianitos

fault contact between the Oso member of the Capistrano fomation and the

La Vida member of the Puente formation. No conclusive evidence of

Holocene displacement was found on the Cristianitos fault in the study

area and undisturbed Holocene or earlier terrace deposits cap the fault

traces in Aliso Canyon, Plano Trabuco, and on the coast at San Onofre

Bluff. However, this could have indicated capability of the Cristianitos

fault and the NRC Staff requested the Applicants to perfom a detailed

investigation of the condition and to demonstrate that the Cristianitos

fault does not present a hazard to SONGS 2 & 3. At the conclusion of

this investigation the Applicants found that:

The lime-filled crack does not coincide with the
Cristianitos fault, but is located 10 to 12 feet west
of the western edge of the fault. The crack is not
likely due to consolidation creep or to downslope
movements in the underlying debris.
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The NRC Staff has reviewed the reports'and exat:ned the evidence and

Staff concurs in the Applicants' findings. We conclude that the evidence

indicates that the lime-filled crack was not associated with the

Cristianitos fault or the result of seismic shaking, but was the result

of landsliding. Thus, the Cristianitos fault does not present a hazard

to San Onofre 2 and 3. (SER92.5.1.4;Cardone,Tr, 6685-87).

224. A condition similar to the lime-filled crack was observed on an

April 9,1975 site visit by the NRC Staff in a bulldozer excavation made

to examine the proposed Viejo Substation site, which cut the Cristianitos

fault at the north end of Aliso Valley approximately one mile north of

the Oso Valley exposure. The Staff observed in the excavation wall, a

river terrace deposit with a linear separation or open crack (unfilled),

which was located inmediately above and along the projection of one of

the principal traces of the Cristianitos fault observed in the bedrock.

However, detailed investigation and mapping of the Viejo Substation

excavation showed that fault displacement or shearing was not evidenced

at the basal contact of the fluvial terrace nor did the overlying terrace
|

| deposits show any evidence of shearing. In the opinion of the NRC Staff

the unfillec crack, which was a tension type feature, resulted from the

removal of the material in the trench. It us caused by a relaxation in

the material and it moved toward the open trench. This is not an

! uncommon occurrence. (SER 5 2.5.1.4; Cardone, Tr. 6690-93).
I

i 225. The NRC Staff has not requested the Applicants to analyze an
|

hypothesized connection between the Cristianitos fault, the CZD, the OZD
|

and the Whittier-Elsinore fault zone because, inter alia, the
'

Cristianitos fault is noncapable. (Cardone, Tr. 6725-26).

i

|

| . _ _ . - .__. .- . - - - _ -.
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VIII. TRAIL 6 LANDSLIDE

226. On May 20, 1977, a Staff member of the California Energy

Commission informed NRC of an apparent fault in the sea cliff

approximately 3 miles south of the San Onofre plant. The apparent fault,

located within the margin of a large landslide, displaces the

bedrock / marine terrace deposit contact at the top of the San Mateo

fomation a total of approximately 3 fcet with reverse movement. (SER

6 2.5.1.6).

227. The features at Trail 6 are small vertical offsets of the

cortact between the bedrock and the marine terrace deposits exposed in

the seacliff approximately three miles south of the San Onofre plant.

(Testirrany of Jay Smith at 12-13).

228 At the request of the NRC Staff, the Applicants performed a

(.etailed geologic investigation, including trenching, to study the

tpparent fault and to detemine its relationship to the landslide.

Applicants were asked to determine whether the displacements were

tectonically induced or are related to landslides. The Applicants were

requested to trench along the trend of the apparent fault to where it

intersects the failure plane along which the landslide slump &d. (SER

9 2.5.1.6, paragraph 2).
|

| 229. On the basis of all the investigations that ;ncluded detailed

mapping, sea cliff exposures, trenching and observation, the Applicants

concluded that the Trail Six features are definitely the result of a
|
| landslide. They were not caused by faulting and are not part of a fault.

(J. Smith, Tr. 2856).
!

|

|
,
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230. In the opinion of the NRC Staff the exposures in the two

trenches excavated along the principal fracture clearly show the

relationship of the fracture and the landslide rupture surface. The

Applicants' report concludes that the apparent fault was caused by

failure of the landslide mass and was not related to tectonic stresses.

The fracture that displaces the bedrock / marine terrace deposits contact

is confined within the southeastern boundary of the landslide and

therefore is not significant to the safety of San Onofre 2 and 3. (SER

2.5.1.6, paragraph 3).

231. It is our opinion tnat the evidence demonstrates that

displacement of the bedrock / marine terrace deposit contact by the

fracture teminates at the landslide rupture surface, and that the

displacement does not extend beyond the limits of landsliding.

Therefore, we conclude that the displacement of the bedrock / marine

terrace deposit contact is the result of landsliding and has no

significance to the seismic design of the San Onofre plant structures.

(SER S 2.5.1.6, paragraph 4; Testimony of Jay Smith at 14-15; Cardone,

Tr. 6727).

IX. HORNO AND DEAD 00G CANYON FEATURES

232. Horno and Dead Dog Canyons are located approximately five miles

southeast of the San Onofre site. ( Testimony of Jay Smith at 15).

233. Offsets in the bedrock / marine terrace contact were discovered

near the mouth of tnese canyons. Investigation of these offsets by the

Applicants establish 2d the offsets were caused by seacliff failure and

seaward landsliding. (Tcstimony of Jay Smith at 16).
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234. The co1clusion that the features in the Horno and Dead Dog

Canyon areas were the result of landsliding was reached after extensive

combined investigations of both areas. The investigations included

detailed geologic mapping, examination of aerial photographs, examination

of sea cliffs and canyon walls and observation. The topooraphy along

with all of the observations established that the offsets are the result

of landsliding. No evidence of faulting was found. (J. Smith, Tr.

2860-61).

235. Based upon the results of the Applicants' investigation, we

agree with the NRC Staff's opinion that the offsets at Horno and Dead Dog

Canyons are the result of seaward landsliding and are of no significance

to the San Onofre site. (Cardone, Tr. 6728-29).

X. TARGET CANYON FEATURES

236. Tcrget Canyon is located approximately 6-1/2 miles southeast of

the San Onofre site. (Testimony of Jay Smith at 16-17).

237. The stage 5e marine platform and overlying deposits are offset

by narrow shears at seven locations within an area of Target Canyon

measuring 2000 by 1000 feet. (Testimony of Jay Smith at 17).

238. The displacement in the 5e marine platfom are generally less

than 12 inches and no more than 14 inches vertically. They die out

approximately 17 feet belew the ground surface ending in nonmarine

deposits that overlie 125,000 years old marine terrace deposits.

(Testimony of Jay Smith at 17-18).

239. The offsets in Target Canyon have no association or alignment

with any known faults. (Testimony of Jay Smith at 18).

. .. _ _ _ ___ . _ . _ _ _ _ _ .
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240. In Pie Staff's opinion, Applicants' investigation of the Target

Canyon offsets has been thorough and complete. The Staff concurs with

Applicants' concicsions that the weight of the evidence favors a

nontectonic origin for the offsets and that tney are not significant to

the San Onofre site. (Testimony of Jay Smith at 18-19;-Cardonc,

Tr. 6728-29; SER 5 2.5.1.6).

241. In our opinion the features at Trail Six, Target Canyon, Dead

Dog Canyon and Horno Canyon, which resulted from landslides, are not

covering faults in their respective areas. (Cardone,Tr. 6728-29).

XI. FAULTS E AND F

242. Dr. P. F. Ehlig analyzed the stratigraphy and mapped the area

adjacent to and south of the San Onofre site for the Applicants. He

mapped in detail a 24 square mile area, extending from San Mateo Canyon

on the northwest to Las Pulgas Canyon on the southeast and from the coast

to the east side of the San Onofre Mountains. His report (Ehlig,1977)

provided new infomation on the relationship of the rock units, and

geologic structure in the vicinity of the Cristianitos fault. The report

concludes:

(1) The coastal area adjacent to the San Oncfre site appears to

have been tectonically stable since late Pliocene time except

for regional uplif t.

(2) The Cristianitos fault is the only major fault within the area.

(3) Four minor faults have been mapped on the northwest flank of

the San Onofre Mountains to the east of the Cristianitos fault.

None of those faults shows evidence of Quaternary displacement.

L
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(4) No other significant faults have been recognized within the

area between the coast and the San Onofre Mountains from the

Cristianitos fault southeastward to Las Pulgas Canyon. There

is continuity in the geologic structure.

The analysis and mapping perfomed by Dr. Ehlig appear to be carefully

derived and adequately represent those aspects of the geology pertinent

to an evaluation of the safety of the site. The NRC Staff concurs in the ;

findings and conclusions presented in the report as stated above. (SER

$ 2.5.1.5).

243. The location of Faults E and F is on the south flank of the San

Onofre mountains approximately two miles southeast of the SONGS site.

Fault F lies approximately 2000 feet further east of Fault E. (Written

Testimony of Perry Ehlig at 1). .

244. Both Faults lie parallel to the Cristianitos Fault, however,

tney do not join the Cristianitos on the surface or at depth. (Ehlig,

Tr. 2903-04).

245. The closest distance between fault E and the Cristianitos fault

is approximately 500 feet horizontally, however, the two faults diverge

at depth so they are dipping in opposite directions. (Ehlig,Tr.

2903-04). (Testimony of Perry Ehlig at 2-3).

246. Throughout the E and F Fault area there is no topographic

| expression of their existence and there is no evidence that the marine

terrace platfoms have been offset by faulting. (Testimony of Perry

Ehlig at 3; Tr. 2940-41).

247. Based upon NRC Staff review of the Applicants' investigation of

Faults E and F, we concur that there has been no movement in either fault

!

I
- .- . _ - .- . __
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for the past'several hundred thousand years and therefore Faults E and F

are not capable faults according to 10 C.F.R. Part 100, Appendix A.

(Testimony of Perry Ehlig at 3-4; SER 6 2.5.1.5).

248. The Dana Point, Carr, Vaciadero and Shady Canyon faults do not

connect offshore with the OZD. Further, these faults are intrudea by

igneous materials and are capped by Miocene strata, which makes them

nillions of years old. (Cardone, Tr. 6738).

XII. CONTENTION 3 CONCLUSIONS

249. No other geologic features be:1 des the: (1) ABCD features at

the site; (2) features located at Trail 6, Target Canyon, Dead Dog

Canyon, Horno Canyon, and "0nshore Faults E and F" were agreed upon by

the parties to be relevant to the seismology of the SONGS site.

Intervenor F0E did not attempt to make a threshold showing of relevance

for any additional other geologic features so the parties presented

evidence on the above-referenced geologic features only.

250. Based on all of the above, We conclude that the discovery

subsequent to the issuance of the construction permit of the following;

geologic features: (1) ABCD features at the site; (2) features located

at Trail 6, Target Canyon, Dead Dog Canyon, Horno Canyen, and " Onshore

Faults E & F, has not rendered the seismic design basis for SONGS 2 & 3

| inadequate to protect the public health and safety.

Centention No. 2

Whether characterization of certain oftshore geologic features
.

as a zone of deformation, referred to at the Cristianitas Zone
of Defomation (CZD), or whether any additional infomation

! about the CZD which became available subsequent to iswance of
| the construction permit render the seismic design basis for
| SONGS 2 & 3 inadequate to protect the public health and safety.
|

t
L
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I. INTRODUCTION

251. Dr. H. Gary Greene, U.S. Geological Survey (USGS), Menlo Park,

California, Mr. James Devine and Mr. Robert Morris, USGS, Reston,

Virginia, Dr. Michael Kennady, California Division of Mines and Geology

and Mr. A. Thomas Cardone testified for the NRC Staff concerning

Contention 2. (Greene and Kennedy, SER, Appendix F; Morris, Devine,

Greene and Kennedy, SER, Appendix G; Cardone, SER, Section 2.5.1.12).

Drs. David G. Moore and Roy G. Schlemon testified for the Applicants

(Moore, Written Testimony, pp. 37-50; Schlemon, Written Testimony,

pp. 7-10). Mr. Mark Legg testified for F0E (Legg, Written Testimony,
.

pp. 10-12).

252. In the publication entitled, " Earthquakes and Other Perils San

Diego Region" edited by Abbott and Elliott, one of the articles in this

reference, " Implication of Fault Patterns of the Inner California

Continental Borderland Between San Pedro and San Diego" by Greene and

others contains a map (page 22) which indicates a possible connection

between the Cristianitos fault and the 0ZD. Recent movement on the fault

is also indicated. This postulation was based on limited reflection

profiling by the USGS. (SER 9 2.5.1.12.)

253. The Staff was concerned that if the Cristianitos fault was

deemed capable, a large earthquake on it could result in high amplitude

ground motion at the site; however, the possibility of ground surface

rupture under the San Onofre 2 and 3 plant facilities is negligible.

Post Pliocene novements on the Cristianitos fault, if they occurred, are

not reflected in the excellent exposure of San Mateo fonnatior, between

the - fault and the site. Except for the minor shears which appeared in

.-_ -__ . .. _ _, . _ . . - - -.
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the plant excavations, and discussed in SER, Section 2.5.1.3, there are

no visible faults within one-half mile of the plant site. (SER

9 2.5.1.12).

254. A number of offshore seismic reflection surveys were performed

by the Applicants and by others in the vicinity of the site over the

10-year period beginning with the development of the safety analysis for

the construction permit. The purpose was to investigate the structural

features offshore. (1d.)

255. On May 8, 1980, the Staff requested that a comprehensive review

be made by the USGS of all marine geophysical data relevant to the

character and recency of faulting along the offshore extension of the

Cristianitos fault in the vicinity of the San Onofre 2 and 3. This

request was concerned specifically with a proposed structural

relationship between the Cristianitos zone of deformation (CZD) and the

0ZD. The NRC requesteo that this review be made jointly by H. G.. Greene

of the USGS and M. P. Kennedy of the California Division of Miaes and

Geology, because of the extensive joint research effort then underway by

Greene and Kennedy on aspects of the structural geology of the southern

California borderland. Their review and a subsequent report were

completed on July 18, 1980. Their report, " Review of Offshore Seismic

Reflection Profiles in the Vicinity of the Cristianitos Fault, San

Onofre, California" appears as Appendix F to the SER. (SER % 2.5.1.12;

SER, Appendix F).

II. ANALYSIS OF SEISMIC REFLECTION DATA

256. Greene and Kennedy's analysis of all of the data was

accomplished in three steps: (1) all of the seismic profile data were

. . , . . - - . . . - . . .. -. - . . . .- . -
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exanined to detemine the location of major geological structures; (2)

line drawings were then constructed showing those features of which (the

analysts) were confident and geological structure was plotted on a

1:24,000 scale planimetric map; (3) the data set was evaluated for its

quality and weakly defined or questionable parts were removed from the

map. Plate 1 presents only those geologic features that are well

defined. Correlation of geological structure on the final map was made

with a high degree of confidence. (SER, Appendix F, Plate 1, p. 24,

p. 4; Greene, Tr. 2306-07).

257. Standard interpretive methods were used in the analysis of the

seismic reflection data. Criteria used by Drs. Greene and Kennedy for

the interpretation of faults from acoustic profiles are as follows:

(a) Well-defined faults: (1) distinct displacement of

prominent reflectors, (2) abrupt discontinuity of prominent reflectors,

(3) juxtaposition of an interval of prominent reflectors with an interval

having different acoustic characteristics, or (4) abrupt changes in the

dips of prominent reflectors along distinct boundaries.

(b) Poorly defined faults: (1) inferred displacement of

prominent reflectors, in which the upper or shallow reflectors may be

bent rather than broken, (2) discontinuity of prominent reflectors

combined with a change in acoustic character, or (3) apparent changes in

dip.

(c) Questionable faults: (1) non-instrumental phase shift of

reflectors, (2) bent or broken reflectors that can be correlated with

known faults on other profiles, (3) discontinuity of poorly defined

reflectors, or (4) any other zone of acoustic contrast, especially where

,

,
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the zone appears similar to and aligns with a fault identified on an

adjacent profile. (SER, Appendix F, pp. 4-5).

258. The orientation of faults was detemined by the correlation of

faults having similar characteristics from one seismic profile to

another. Geologic structures have been projected between adjacent

profiles on the basis of their overall spatial relationships to one

another. Faults that could not be correlated between two or more

adjacent profiles are not shown on the map. ( Id_. )

259. Where fault planes dip more than t 35 , vertical exaggeration

precluded the determination of the dip of that fault. Such' faults are

shown to be vertical on the line drawings. Ordinarily, only an apparent

vertical component (vertical separation) of slip can be detennined on

seismic reflection profiles, whereas the apparent horizontal component

(strike separation) is generally impossible to determine. The sense of

displacement has not been shown on faults mapped in this review because

no stratigraphic control was available or observable. (SER, Appendix F,

p. 5).

III. DATA VOIDS

260. Areas in which good quality data are lacking or the density of

seismic profiles are insufficient to map and correlate structures at a

scale of 1:24,000 are designated as " Data Voids" (SER, Appendix F, p. 24,

Plate 1). It must be emphasized that the notation " data void" does not

mean that no data are available, only that the data are insufficient for

correlation with confidence between lines. (SER, Appendix F, pp. 4-5;

Greene, Tr. 2136).

- _
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261. More specifically, "... the term data void basically represents

two things. One thing is that either there is a lack of data there, no

lines have been run in that general vicinity, or that lines have been run

in that vicinity, but they are not of good enough [ sufficient] quality to

be usable for our mapping. In other words, due to perhaps the

shallowness of thc water, the lithology, the types of rocks that existed

on the sea floor, you did not get a good reflection profile, so that you

could not use that [ data] to develop your structural picture." (Greene,

Tr. 2136; see also, Greene, Tr. 2283,2284,2285,2286,2288).

262. Hence it is possible that if a fault, even a major fault such as

the Cristianitos fault, were to project through a data void, it might not

be recognized or detected by examining profile lines with the same degree

of certainty as those found beyond data voids. ( Id_. )

263. The data in some areas are of sufficient quality to permit the

extension of geologic structures by inference across expanses mapped as

data voids; in such cases, these structures are mapped as inferred or

questionably inferred. (SER, Appendix F, p. 5).

IV. STRUCTURE OF 0FFSHORE AREA

264. Plate 1 (Appendix F) shows the CZD extending offshore of the San

Onofre 2 and 3 site and oblique to the 0ZD and to within less than 1 mile

of the 02D. The segment of the CZD shown was made with a high degree of

confidence; however, continuation to the 0ZD and its connection with the

onshore Cristianitos Fault segment are obscured due to data voids in

these areas. (SER, Appendix F, Plate 1, p. 24; Appendix G, p. 3).

265. Greene and Kennedy both agree that the density of track lines in

the area of the projected CZD-0ZD intersection is "the greatest density

i
;

|
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of track lines that they have ever dealt with for an area of this size."

It was not necessarily a lack of geophysical profiles in that region

which gave cause for the " data void" designation on the Greene-Kennedy

map (Plate 1). Greene and Kennedy felt that there were some problems

with the profiles and they couldn't use the profiles to identify what

they were looking for, and hence, identified a " data ' void." In addition,

the profiles did not cross the intersection "per se." Therefore, Greene

and Kennedy would not say absolutely that the projected CZD-0ZD

intersection was here or in some other locality. In other words there

was no lack of general data in the area of the intersection, simply the

absence of a specific line that went through the intersection. (Greene,

Tr. 2282-87).

266. The report concludes that their interpretation of the offshore

seismic reflection profiles in the vicinity of San Onofre 2 and 3

indicates that two structural zones of deformation are present in this

area. The first and most well defined zone is a segment of the 0ZD, a

recognized Quaternary fault zone. The second, the CZD, is less well

defined but nevertheless exhibits characteristics similar to those of the

0ZD. It consists principally of highly fractured and faulted asmmetrical

anticlinal structures. (SER, Appendix F, pp. 6-7).

267. The area offshore from SONGS was named tt -ianitos Zone of

Deformation by Drs. Greene and Kennedy while conducting their

investigation and review of the area for the NRC. The term CZD was

purely a geographical appellation; it was not intended to imply a

relationship with the Cristianitos fault. In fact the features that are

now characterized by Drs. Greene and Kennedy as the CZD were known and

. .
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discussed by others quite some time before 'the Greene-Kennedy study.

(Greene,Tr. 2139-40; Devine, Tr. 6114-15).

268. The CZD and associated folds to the east combine to fom a broad

structural zone up to 3 km in width which projects onshore to the north.

The southeast end of the CZD could become incorporated with a major

syncline of the 0ZD, however, the structural relationship of the CZD with

the 0ZD is unconfirmed because of a data void. (SER % ?.5.1.12,

Appendix F, p. 8).

269. The age of most recent faulting along the CZD is unknown. All

seismic profiles examined show that faults associated with the zone

teminate at or near the surface of an apparent wave-cut platfom that is

overlain by Pleistocene sediment. Nowhere within the zone is there

evidence of seafloor displacement. (SER 6 2.5.1.12, Greene, Tr. 2269,

2270).

270. Drs. Greene and Kennedy concluded that a structurally defomed

zone consisting of correlatable en echelon faults and folds, many

extending into shallow subsurface strata, probably Neogene in age, is

present along the expected offshore extension of the zone. The seismic

reflection data reviewed show that a fairly continuous fault zone extends

south to southeastward offshore from San Onofre 2 and 3 to within 1 km of

the 0ZD, where a projected connection is possible. (SER 2.5.1.12,

Appendix F, p. 8; Greene, Tr. 2270,2275).

V. NEKTON SURVEY

271. A seismic reflection profile survey was conducted by Nekton,

Inc., for the Applicants to provide higher resolution in the shallow

.
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offshore strata to help determine wh. ether or not the Cristianitos fault

projects toward the 0ZD. The report (Nekton, 1980) concludes:

(a) The Cristianitos fault does not project far enough seaward

(i.e., south-southeasterly) to be identified in the survey area. Where

the fault may be projected to occur, there is no evidence of its

existence. Nekton concluded that along its offshore projection,

displacement diminishes and the Cristianitos Fault dies out, possibly in

a number of lesser faults and small folds. It does not connect to the

0ZD.

(b) The 0ZD was mapped parallel to the coastline for 8.8 kilometers

in the central and northern oceanside survey area. In the central part,

at least two branches of the fault occur and their width is limited. To

the north, it broadens to a zone of defomation up to 0.6 kilometers.(0.4

miles) wide. The 0ZD is not present in the Dana Point su;7ey area.

(c) Other faulting offshore - a number of minor faults are

interpreted to be present offshore in the survey area. Minor faults in

the area are short in length and occur below a Pleistocene erosion

surface in Tertiary age beds.

(d) Fault movement - none of the minor faults shows evidence of

movement following the period of erosion which developed the Pleistocene

erosion surface. Eighteen kilometers south of San Onofre, the 0ZD shows

evidence for at least two periods of probable movements. Movements

during one period have displaced the Pleistocene erosion surface and the

movements during the other period appear (locally) to displace terrace

deposits o+ probably Holocene age. (Nekton 1980; SER 6 2.5.1.12).

i
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VI. USGS REVIEW

272. On November 26, 1980, the U.S. Geological Survey, transmitted to

the Staff ii. response to its request, their review of the geologic and

seismologic data submitted by the Applicants in support of their position

concernirig San Onofre 2 and 3. The review is in the fom of a letter

report and was prepared by Mr. Robert H. Morris and Mr. James F. Devine,

with assistance provided by Dr. H. Greene and Dr. Dudley Jo Andrews.

Attached to the report is an addendum to: " Review of Offshore seismic

Reflection Profiles in the Vicinity of the Cristianitos Fault, San

Onofre, California," by H. G. Greene and M. P. Kennedy. This report

appears as Appendix G to the SER. The following excerpt contains the

USGS conclusions regarding the history and age of the Cristianitos fault.

In assessing the conclusions drawn by the
applicants's consultants in contrast with those by
Greene and Kennedy, there emerges a difference in the
use of certain named structures. Apparently, the
applicant's consultants restrict the use of the tem
"Cristianitos Zone of Defomation" (CZD), to reter to
a zone of short discontinuous faults and folds. The
applicant's consultants conclude that the
Cristianitos fault dies out to the south whereas
Greene and Kennedy project the Cristianitos Zone of
Defomation southward to the OZD. SCE [ Applicant]
recognizes the southward projection by Greene and
Kennedy but state in their cor.c'ucion that it does
not represent an interconnection between the
Cristianitos fault and the 0ZD. Both parties
recognize younger undeformed, probably marine
terrace, deposits capping the structures near shore.
The range in age of these capping deposits is stated
by Dr. Shlemon (oral discussion, September 23, 1980,
and viewgraph) to be from 80,000 years before present-
(YBP) to 8,500 'fBP. The 8,500 YBP date was obtained
by C14 method and the 80,000 YBP was inferred based
upon geomorphology and late Pleistocene history.
Assuming that the inferred age is a reasonable
conclusion, then the applicant's contention that the
Cristianitos Fault (restricted use) is not capable is
pemissive. On land, the Cristianitos Fault is capped

, __ _ - _
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by the 125,000 year-old marine terrace, and the above
conclusion then is consistent with that evidence.

Applicant's consultant, Dr. Perry Ehlig,
,

discussed the origin of the Cristianitos Fault I

(restricted use) and concluded that the fault I
originated from 10 to 4 million years ago during a |

period of crustal extension and that the present
stress regime of generally northeast-southwest '

compression represents a significant change;
therefore, movement on the 0ZD would not trigger
movement on the Cristianitos Fault.

The USGS, in general, concurs with the
conclusions stated by the applicant and its
consultants regarding the history and age of last
movement of the Cristianitos Fault, its relation as
one of several faults of the CZD of Greene and
Kennedy, and its apparent lack of potential for
movement in response to movement on the 0ZD. (SER,
Appendix G, pp. 3, 4).

273. The addendum attached to the above report concludes:

The CZD merges with or is truncated by the 0ZD
in the area offshore from SONGS (plate 1). Generall
faults within the CZD with few exceptions (plate 1) y
displace shallow stratified sedimentary rock that
lies beneath a prominent unconformity and younger
poorly stratified sediments. The June 1980 NEKTON
data support the conslusions reported previously by
Greene and Kennedy (1980'. (SER, Appendix G, p. 11;
see also, Kennedy, Tr. 2484).

VII. STAFF REVIEW

274. The Stuff has considered the USGS report and its addendum as

well as the data submitted by the Applicants to detemine the potential

relationship of the CZD with the 0ZD, offshore, and the Cristianitos

fault, onshore, in the ct.ntext of Staff's original concern, namely, that,

if due to a relationship with the OZD, the CZD and the Cristianitos fault

were deemed capable, high amplitude ground motion at the site could

result. (SER Q 2.5.1.12).
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275. Based on this assessment, the Staff has stated the following as

evidence of non-capability of the Cristianitos fault - CZD relationship:

(a) Trenching across the Cristianitos fault and Plano Trabuco

demonstrated that the segment of the fault observed was capped by

non-marine terrace deposits which are older then 33,000 years.
'

(b) The excellent sea cliff exposure of the fault shows it cutting

the San Mateo fomation but being truncated by marine and non-marine

terrace deposit that are approximately 120,000 years old.

(c) There is no historic seismicity associated with the fault.

(d) Mapping by P. Ehlig and Jack West show the fault to be capped

by Pleistocene (more than one million ynrs old) or older strata.

(e) Figure 5 of the report by Shlemon discussed in SER, Section

2.5.1.8 shows that the 120,000-year-old terrace is not displaced between

Dana Point, north of the site, to Target Canyon south of the site.

Furthemore, nowhere in the vicinity of the Cristianitos fault is the

bedrock / terrace contact observed to be faulted.

(f) The numerous offshore seismic reflection profiles that cross

the fault show that the Pleistocene terrace which is more than 13,000

years old and probably as old as 80,000 years is not offset by the fault.

(g) Dr. P. Ehlig's studies of the origin of the Cristianitos fault

concluded that the fault originated from 10 to 4 million years ago during

a period of crustal extension and that the present stress regime of

generally north-east-southwest compression represents a significant

change; therefore, movement on the 0ZD would not trigger movement on the

Cristianitos fault. (SER 9 2.5.1.12).

. - . . . _ . . _ _ _ . _
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VIII. CONTENT *A i 'NCLUSIONS

276. The above indicates at th.. .i...e that there is considerable

evide. ice for noncapability of the CZO. Furthermore, it has been amply

demonstrated that the CZD fulfills the role of a non-capable fault even

assuming a structural relationship between it and the OZD, based on the

definitions in Appendix A, 10 C.F.R. Part 100. In the definition of a

capable fault, Appendix A states that in the case of a fault having a

structural relationship to a known capable fault, the fault is considered

capable if movement on the capable fault could be reasonably expected to

be accompanied by movement on the fault in question. Movement on the 0ZD

for at least the past 120,000 years has not been accompanied by movement

on the CZD. We would note that the likelihood of movement on a fault

which has exhibited none in over 100,000 years is very small (SER

9 2.5.1.12; Allen, Tr. 4887).

277. Based on all of the above, we conclude that neither the .

characterization of certain offshore geologic features as a zone of

deformation, referred to as the Cristianitos Zone of Deformation or any

additional information about the CZD which became available subsequent to

the issuance of the construction permit renders the seismic design basis

for SONGS 2 & 3 inadequate to protect the public health and safety.

CONCLUSIONS OF LAW

Any findina of fact which is more properly a conclusion of law

is hereby incorporated in these conclusions of law.

Upon consideration of the record of the proceeding and in light

of the foregoing finnings and discussion, the Board concludes that, with

respect to the requirements of the Atomic Energy Act of 1954, as amended,

. . .. - . _ . - . . _
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and the rules and regulations of the Commission relating to radiological.

health and safety and the common defense and security:

(1) The geologic, seismic, and engineering characteristics of the

SONGS site and its environs have beer, investigated in

sufficient scope and detail to provide reasonable assurance

that they are sufficiently well understood to permit an

adequate evaluation of the proposed site, and to provide

sufficient information to support the determinations required

by these criteria and to permit adequate engineering solutions

to actual or potential geologic and seismic effects at the

plant site [10 C.F.R. Part 100, Appendix A, IV]; and

(2) in designing SONGS 2 & 3, Applicants have taken into account

the potential effects of vibrating ground motion caused by

earthquakes. The design basis for the maximum vibratory ground

motion and the expected vibrating ground motion have been

determined through evaluation of the seismology, geology, and

the seismic and geologic history of the site and the

surrounding region. Applicants have identified the most severe

earthquakes associated with tectonic structures or tectonic

provinces in the region s>rrounding the site. Applicants have

determined the most severt earthquake that could be associated

with the controlling feature at the SONGS site--the Offshore

Zone of Deformation--by corsidering its geologic history.

Applicants then have determined the vibratory ground motion at

the site and have designated the earthquake which could cause

. _ _ ._ _ _.. _ , _ ,
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the maximum vibratory ground motion--the Safe Shutdown

Earthquake. [10 C.F.R. Part 100, Appendix A, V]; and

(3) Applicants have thoroughly conducted all investigations
'

required to obtain the geologic and seismic data necessary to

detemine site suitability and provide reasonable assurance

that SONGS 2 & 3 can be constructed and operated at the

proposed site without undue risk to the health and safety of

the public. [10 C.F.R. Part 100, Appendix A, II];

(4) As a result of ground motion analysis techniques d.veloped

subsequent to issuance of the construction pemits or data

gathered from earthquakes which occurred subsequent to issuance

of the construction pemits, the seismic design basis for

SONGS 2 & 3 is adequate to protect the public health and

safety.

(5) Characterization of certain offshore geologic features as a

zone of defomation, referred to as the Cristianitos Zone of

Defomation (CZD), and additional infomation about the CZD

which became available subsequent to issuance of the

construction permit does not render the seismic design basis

for SONGS 2 & 3 inadequate to protect the public health and

safety,
i

! (6) The seismic design basis for SONGS 2 & 3 is adequate to protect
|

the public health and safety considering discovery subsequent

to issuance of the construction pemits of the following

geologic features:

|
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(1) ABCD features a.t the site and )

(2) Features located at Trail 6, Target Canyon, Dead Dog

Canyon, Horno Canyon and " Onshore Faults E and F."

No other features were identified which are relevant to the

seismology of the SONGS site.

(7) Based on the geologic and seismic characteristics of the 0ZD,

including its length, assignment of M 7 as the maximum,

s

magnitude earthquake for the 0ZD is an adequate seismic design

basis for SONGS 2 & 3 to protect the public health and safety.

ORDER

IT IS HEREBY ORDERED, pursuant to the Atomic Energy Act of 1954, as

amended and U.S. Nuclear Regulatory Commission regulations, and based on

the findings and conclusions set forth herein, that the Director of

Nuclear Reactor Regulation is authorized to issue to Applicants Southern

California Edison Company, San Diego Gas & Electric Company, City of

Anaheim, California, and City of Riverside, California, a license to

authorize fuel load and full power operation for Units 2 and 3 of San

Onofre Nuclear Generating Station, for a term of not more than forty (40)

| years, at state power levels not exceed 1100 megawatts thermal per Unit.

IT IS FURTHER ORDERED, in accordance with Sections 2.760, 2.762,
!
'

2.764, 2.785 and 2.786 of the Commission's Rules of Practice, that this

Initial Decision shall be effective within thirty (30) days from the date

this Initial Decision is transmitted to the Commission and shall

.
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constitute the final action of the Commission subject to any review

thereof pursuant to the above-cited rules.

ATOMIC SAFETY AND LICENSING BOARD

.

James L. Kelley, Esq., Chairman

Dr. Cadet Hand, Jr.

.

Mrs. Elizabeth B. Johnson

Res ctfully submitted,

Lawrence J. Chandler
Deputy Assistant Chief

Hearing Counsel

(h?eyjamin H. Voglereykdwa .

B w--

Deputy Antitrust Counsel

Dated at Bethesda, Maryland,
this 9th day of October,1981.
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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

l

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD

In the Matter of )
)

SOUTHERN CALIFORNIA EDISON COMPANY, ) Docket Nos. 50-351 OL
ET AL. ) 50-362 OL

)
(San Onofre Nuclear Generating Station, )

Units 2 and 3) )

CERTIFICATE OF SERVICE

I hereby certify that copies of "NRC STAFF'S PROPOSED FINDINGS OF FACT AND
CONCLUSIONS OF LAW IN THE FORM 0F A PROPOSED INITIAL DECISION" in the above-
captioned proceeding have been served on the following by deposit in the
United States mail, first class or as indicated by an asterisk by deposit.

in the Nuclear Regulatory Commission internal mail system, this 9th day of
October,1981 :

* James L. Kelley, Esq., Chairman David R. Pigott, Esq.
Administrative Judge Samuel B. Casey, Esq.

Atomic Safety and Licens'ng Board John A. Mendez, Esq.
U.S. Nuclear Regulate y :ommission Edward B. Rogin, Esq.
Washington, D.C. 20555 Of Orrick, Herrington & Sutcliffe

A Professional Corporation
Dr. Cadet H. Hand, Jr., 600 Montgomery Street

Administrative Judge San Francisco, California 94111
c/o Bodega Marine Laboratory
University of California Alan R. Watts, Esq.
P. O. Box 247 Daniel K. Spradlin
Bodega Bay, California 94923 Rourke & Woodruff

10555 North flain Street
Mrs. Elizabeth B. Johnson, Suite 1020

Administrative Judge Santa Ana, California 92701
Oak Ridge National Laboratory
P. O. Box X, Building 3500 Richard J. Wharton, Esq.
Oak Ridge, Tennessee 37830 University of San Diego School

of Law Alcala Park
Janice E. Kerr, Esq. San Diego, California 92110
J. Calvin Simpson, Esq.
Lawrence Q. Garcia, Esq. Mrs. Lyn Harris Hicks
California Public Utilities Commission GUARD
5066 State Building 3908 Calle Ariana
San Francisco, California 94102 San Clemente, California 92672
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Charles R. Kocher, Esq. A. S. Carstens
James A. Beoletto, Esq. 2071 Caminito Circulo Norte
Southern California Edison Company Mt. La Jolla, Califnrnia 92037

2244 Walnut Grove Avenue
Rosemead, California 91770 * Atomic Safety and Licensing Board

Panel
David W. Gilman U.S. Nuclear Regulatory Commission
Robert G. Lacy Washington, D.C. 20555
San Diego Gas & Electric Company
P. O. Box 1831 * Atomic Safety and Licensing Appeal
San Diego, California 92112 Board Panel

U.S. Nuclear Regulatory Commission
Phyllis M. Gallagher, Esq. Washington, D.C. 20555
1695 West Crescent Avenue
Suite 222 * Secreta ry
Anaheim, California 92701 U.S. Nuclear Regulatory Commission

ATTN: Chief, Docketing & Service
Charles E. McClung, Jr. , Esq. Branch
Fleming, Anderson, McClung & Finch Washington, D.C. 20555
24012 Calle de la Plata
Suite 330

~

Laguna Hills, CA 92653
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' Lawrence J. Chandler
- Counsel for NRC Staff
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