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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION
BEFORE THE ATOMIC SAFETY AND LICENSING BOARD

In the Matter of

SOUTHERN CALIFORNIA EDISON COMPANY Docket Nos. 50-361 OL

ET AL.

(San Onofre Nuclear Generatlng Station, mmmd

Units 2 and 3)° USNRG \
0, 1081 © |
WRITTEN TESTIMONY OF , JUN 2 2 j

. MARK R. LEGG O{hceofthesw!

Dagle et\rﬁ! & Ser.

'I. INTRODUCTION
| My name is Mark R. Legg; I am presently employed as a student
Research Assistant wifh the‘California Divisien‘qf Mines and Geology
studyiag offshore faulting and earthquakes and I am also a member of
the Professional Staff of J; H. Wiggins Company Conduéfing earthquake
hazard stﬁdies. My educatronal background. 1ncludes a- Bachelor of
Science degree in Space Sc1ences and Mechanical Englneerlng from Florida
Instltute of Technology (1973) and a Masters of Sc1ence degree in
Oceanography from University of California, Scripps fnstitute of
Ocenaography (1986). I am presently enrolled at the University{
of SantavBarbara and working en my Ph.D. thesis entitled:
"Tectonics of the Inner Contihental Borderland Offshore Southern
California'and»Northern Baja‘California, Mexico."

'-My areaa’df-specialization'include: pndersea_faulting and
earthquakes,‘earthquake risk.and hazards, applied oceanography (physical

and geophysical) and seismieity studies. I = recently prepared
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detailed hathymetric'chartS-for'the region offshore of Northern
Baja California‘and analyzed seismic reflection‘profiles‘ana
geomagnetic proflles oﬁfshore of Northern Baja Callfornia for
purposes of determining the.northerly extension of. the Agua

Blanca and other faults. I also recently performed studies of the
character and ‘recency of faulting offshore of Southern California.
My blograph1Cal sketch and . list of publlcatlons is attached

hereto and 1ncorporated herewith.

-

II. NORTHWARD CONTINUATION OF THE AGUA BLANCA FAULT

Asvpart of my theeis research, I have conducted two
seismic refleotlon profiling cruises in the inner continental
‘borderland offshore  of northern Baja California, Mexico (Figure 1).
The ourpose of these cruises was to collect data to be used to
map the geologlcal structure of this offshore region and
determine the geotectonic evolution of the area and its
‘relation to similar"regions to the north in United States waters.
One particular question for yhich data was sought to provide
an answer was "does the San Clemente fault connect with the
Agua Blanca‘fault as suggested by Allen, et al.(1960) based
Qupon earthquake epicentersV and "what is the lateral;extent
and character of theee faults?"

Data from the first cruise (CFAULTS, 1978 - Flgure 1)
waéjsufficient‘to dehonstrate that the Agua Blanca fault and'

the San Clemente fault are not directly connectéd (Legg ,and

Ortega, 1978) but that the San Clemente fault probably connects
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" with the San Isidro fault (Figure52) 60 km west of Ehsenada.
The Agua Blanca fault trends northward from Punta Banda,
subparallel to the coast. 'The magnetic data of Krause (1965

5uggest this trend (Figure 3). As stated by Legg and Kennedy

(1979) "The fault (Agua Blanca) passes very near the coast

at Punta Sallpuedes, and there are no data close enough to
shore to accurately delineate its northward extsat.f "The
_sééond cruise foAULTS - 1979, Figure 1) was undertaken to
sﬁpply data closer to shore to accurately delineate the
pbssible connections between the Agua Blanca and Coronado
Bank (or other faults to the north) as well as map the south-
ward continuation of the San Clemente-San Isidro fault, and
its intersection with the offshore Santa ’i‘oma'= fault of
~Krause (1965). Data from the second cruise have not ye* been
interpreted in detall but prellmlnary review of thls data
confirms the northward continuation of the Agua Blanca fault
past Punta SalSipusdes (about 6 km offshore) and through the
middle of a submarine embayment southwest of Punta(Dsscanso
(Figure 2). 1Ir this region, it is obserﬁed asﬁtwo conspicious,
subparallel fault traces, which in places cut near surface
sediments, as seen on>sparker and 3;5 khz high-resolution
echo sounder profiles. The data from the second cruise only
allow detaiiéd mapping of the Agua Blanca fault“nqrthward»to
a point 6.5 km southwest of Punta Bescanss, and from there,
onlylthe data from the first cruise are available for maépingthefhultsim
this‘rsgion. These data do nst pass close ehpugh to shore

to delineate all the nearshore branches of -the Agua Blanca
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fault between Rosarito Beach and Punta Descanso, but do show
the northward continuation of one (or more) nainktrace(s) of the
Palos Verdes Hills;Agua Blanca—Coronado Banks fault zone. . (Legg
and Kennedy, 1979) 1In:.this reglon, the zone appears to have
branches which . contlnue northward, much closer to shore and
are seen in the northernmost proflles of CFAULTS l°78 These
branches appear to be related to (or connected w1th) the
offshore branches of the Rose Canyon fault zone as mapped

by Kennedy and Welday (1980), spec1f1cally the Silver Strand
‘Spanish Blght and Coronado faults. ' The presence of north
trending branches 1n-these right-lateral wrench fault zones
- is veryfcommonly observed in the Southernbéalifornia coastal
area (Harding, 1973; Greene, ot al., 1979; Legg and Kennedy,
1979) . o | |
N . In conclusion, the data from the two seismic reflection
profiling cruises (CFAULTS 1978, 1979) demonstrate the north-
:ward contlnuatlon of the Agua Blanca fault, subparallel to
the coast from Punta Banda/Islas Todos Santos to the Coronados
'lIslands region. Ind1v1dual fault traces w1th1n the zone show
ev1dence of Quarternary dlsplacements in the area, as near
-surface sedlments (and in some cases, the sea floor) are
dlsrupted. In the reglon near Punta Descanso, the Agua

Blanca fault appears to branch into several strands,_but

the detailed mapplng of the easternmost splavs is not

possible w1th the present data. Some of these strands are

believed to connect with or be reiated to the.offshore.




 branches of the Rose Canyon fault zone as mapped bv Kennedy

and Welday (1980). The western branches of ‘the Agua Blanca
fault zone merge into the Coronado Bank fault zone of Kennedy,
et al. (1981) and are a part of the Palos Verdes Hllls Coronado

Banks-Agua Blanca fault zone of Legg and Kennedy (1979)

III. SEISMICITY, FOCAL MECHANISMS AND FAULTS 1IN THE SAN ONOFRE

' 'REGION.
Blehler (1975) has examlned the selsm1c1ty in the region
near to the Crlstlanltos fault, around and to the north of the

SONGS site. In hlS study, he examlned hlstorlcal selsm1c1ty,

'relocated selected eplcenters and plotted body wave, rlrst

motlon dlagrams for several events, in partlcularbthe events

of 3 January 1975.

Blehler states that the Crlstlanltos fault has “certainly

- been 1nact1ve for the past 40 years." The fact that numerous

eplcenters have been located in the region of the Crlstlanltos
fault, as shown by his map (his Figure 1 and Slmons, 1981)
demonstrates that faults 1n the area are active at present

Con51der1ng the uncertalntles in the epicentral (and espec1ally

- hypocentral) data as llsted by the Caltech catalog, and Blehler S

own location attempts(many epicenters are. located with no better

accuracy than 15 km) many events may be located dlrectly along

- the trace of the Crlstlanltos fault._ (For a more detalled

discussion, see Simons, 1981)._ At any rate, the presence of



numerohs epicenters in’the reglon indicates that the region
is dnder'stress of’ah unknown amount, and some structures
are eeismically yielding to this stress.

Any faults in the:region which may be "favorably
oriented",(i;e. oriented in such a fashion that slip along
these ex1st1ng fault planes will occur at a lower level of
_stress 1n the ex1st1ng stress field than through creation
of new faults in.competent rock) willlCChtinue to slip until
such a time as the state of stress changes to a less favor-
able orientation,'

Ehlig (1980) describes the Cristianitos faﬁlt as a
westward dipping normal fault, and brobably a listric normal
fault which has ehallQWer dip at depth and merges into a
.beddihg plane fault. The data is not adeauate to confirm his
suggestlon that the Crlstlanltos fault is a listric normal
fault, although if it is, then the hypocenters of the 3 January
1975 earthquakes relocated by Blehler (1975) may well be on
the shallow dlpplng portions of the Crlstlanltos fault at
depth The focal mechanisms of Blehler (l975) indicate
predominately strike—Slip with a significant thrust component
(which is opposite to thetnormal motion ebserved from geelogic
data on the'neaf surfacettraces of the Cristianitos fault),
and Biehler~interprets.this as additional evidence that these
earthquakes are not associated with the Cristianitos fault.
Recurrent motion on faults, in directions opposed to preyious

motions under a different stress regime is possible, and




evidence of varying motidns has been cbserved.
| In the reglon of the Crlstlanltos fault

accordlng to Bhllg (1980), the tectonic stress has changed
from exten51on“1n‘an east-west dlrectlon (during the forma-
tion'offthe,Cristianitos fault) to.compression in a nprth-
east-soufhwest direction;  The focal mechanisms ef Biehler
- indicate general nortﬁ—sduthveompression, with variarions
from northwest-soqtheast to‘nertheastésoutﬁwest.‘ P—axes
shown by iegg 11986).also suggest general north-south
compression for the'ianertcontinental borderlaad region,
(offshore of southern California) although some unexplalned
Avarlablllty suggested northwest- southeast compression in
A“ one reglon. If we accept the present state.of stress to be
- one of generalinorth—sduth coméression in the region, with
room fer variation between northwest-southeast to northeast-
southwest as seen. in the earthquake focal mechanisms of
ABlehler (1975) and Legg (1980) then ‘release of this stress
will occur along faults “favorably oriented" to this stress
regime. |

~ The Cristianitos fault is favorably erienred forvslip
:under the current stress regime. This~is demenstrated by the
_focal mechanlsm presented by Biehler (1975) for the 13
February 1967 earthquake in the region which has one nodal

‘plane orlented approx1mate1y north-south,- and dipping to
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to the west as does the Crlstlanltos fault as mapped and

descrlbed by Ehlig (1980). Legg (1980) shows other focal

mechanisms in-the nearby offshore.region which have nodal”

planes subparallel to the Crlstlanltos fault (e.g. 1 May 1939,

- 10 April 1968, 22 December 1964 12 January.l975).

It is not_51gn1f1Cant (in-regard to~presentAday activity)d
that the Cristianitos fault may have formed as a normal’ fault

under a dlfferent stress regime tnan the present. one. It is

' very 51gn1f1cant that the Crlstlanltos fault is "favorably

orlented" for Sllp and release of stress under the present
stress reglme (even though perhaps 1n a dlfferent dlrectlon

than earller eplsodes) This, as stated above, is demonstrated

by focal mechanlsms of real earthquakes which have occurred in

the reglon. Ev1dence suggestlng reversal of deformatlonal
styles in this region comes from the geology whlch show
that reglons ‘have alternately sub51ded and then been upllfted

to near sea level or above (Ehllg, 1980). : - .

Other features whlch are “favorably orlented" for slip

"and release of stress under the present stress reglme 1nclude

Faults A, B. and D*, located under the 51te of SONGS Unit 2.

*Based upon the data of NRC Report” (1975) and accordlng to the
American Geological Institute (1976), these features are faults.
"Fault - a fracture or fracture zone along which there has bheen
displacement of the. sides relative to one. another, parallel -to
the fracture." &a1sd, from Billings (1972) "There has been no .
visible movement parallel .to the surface of the 301nt otherwise
1t (fracture) would be cla531f1ed as a fault."
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Faults A and B are suggested by the Applicants to have" been

generated by reglonal northwest-southeast compression. As

stated above, earthquake mechanisms consistent with regional

nqrthwest-southeast compression have been recorded nearby.

tWithin the accuracy~of the data, Biehler's focal mechanism

for the earthquakes of.25-November 1960, 26 July 1970, 28

December 1973 and 3 January 1975 (both events) - have P-axes

w1th1n 300 of the approprlate maximum pr1nc1pal stress axes

for conjugate vertlcal sttlke-sllp faults, striking N 10° E

and N 500 w (Faults_A and B). In fact, Biehler's compressien

ages fer thevtquevents on 3 January 1975 are very close to

the position inferred for the formation of Faults A and B.

'Therefore} it .is possible that similar stress regimes created

both Faults A and B:and caused the 3 January 1975 earthcuakes.
The Type’C Feature is of'limited lateral entent according

to the‘NRC (1975) and the FUGRO report’ '(1976) and strikes N 50O W

to N 600 W with dips varying from 59 and 190 northeast. The

focal mechanlsm as shown by Blehler‘(l975) for the event of

13 February ;967 is,consistent with the formatien of the Tyvpe

C features. :Similarly, the Type D feature, a minor thrust

fault, accordingvtO'FUGRO (NRC;;1975§’7 - -striking approximately

N 760'W; and dipping 150 - 200 NE could have been formed by a

stress: reglme 51m11ar to that which caused the 13 February 1967

' earthquake. The earthquake, as shown on Figure 1 of the Biehler

(1975) report, is one of the events located closest to the‘




San Onofre site.

Conclusions

The stress regime that-forhed Features A, E, C, and D ‘
_is similar (if not the same) as that which now exists in the
SONGS. region, as demonstrated by mechanisms of earthquakes.
in the region. ‘Therefore, it'is possible"that ahy, or all
of these features (faults) may siip in future'earthquakes

under the present tectonic style.

ITI. STRUCTURAL RELATIONSHIP BETWEEN CRISTIANITOS ZONE OF

DEFORMATION (CZD) AND OEFSHORE ZONE OF DEFORMATION (0ZD)

I concur with the conclusions reached'hy Greene and Kennedy
(1980) regarding the description'of the Offshore»Zohe of Deforma-
tion and the Crlstlanltos Zone of Deformatlon in the region
offshore of the SONGS 51te._ Accordlng to Greene and Kennedy (1980),
the 0zD is a generally continuous and well'defined northwest
trending fault zone‘iocated on the distal part of the nearshore'
shelf, approx1mately 7 km from the SONGS at- its closest point.
The CZD is a north trending "extens1vely faulted structure that
is grossly manlfested as a complex asymetrlcal anticline" and
con51sts of en echelon faults and folds that extend offshore
from SONGS. I have 1nspected the Nekton proflles in the

reglon of the prOJected 1ntersectlon of the CzZD and the

-10-




OﬁD and agree with the conciusions reached by Greene and Kennedy,
spec1f1cally, that the CZD either "merges with or is truncated
by the 0zD in the area offshore from SONGS. " (Addendum (1980),
Greene and Kennedy). I also agree w1th.the conclusions reached
by‘Green and Kennedy (1980) regarding the

act1v1ty of the 0ZD in the region offshore of SONGS , i.e. that
the 0z2D is "a recognlzed Quarternary fault ZOne) (Greene and
Kennedy, 1980), and ekists "as a series of'subparallel, en
echelon, and conjuéate faults characteristic of a wrench

'zone" (Legg and Kennedy, 19795. As stated by Greene and

.Kennedy (1980), the C2ZD- exhlblts characterlstlcs similar

to those of the 0ZD." These characterlstlcs are "highly
fractured and faulted asymetrical anticlinal structures."”

- On the basis of the evidence that the "structure
(of the 02D) noticeably changes southeast of the 02ZD-CZD
intersection"-(Addendum (1980),'Greene and Kennedy), 4

- conclude that the 0ZD and the CZD’formxa structural relation-
ship such that movenent or deformation in one has been
influenced by the presence of the other, and 1t is possible
that movenent on one zone has caused movement on the other,
as is frequently seen in strlke—sllp (ana other tvpes) earth-
quakes where secondary faultlng is observed at some distance
from the maln fault (Borrego Mountain, 1960; Hayward, 1868;
San Andreas, 1906; etc.). The sense of this secondary faulting

'_may be of similar style, or of a different type than the: Sllp
on the main rupture, such as was observed in 1868 on the-’
Hayward fault, where normal faulting was observed on a secondary

fault (Radbruch, 1963)

-11-




North trending branch and secondary faults are'common
;,1n the northwest trendlng rlght—lateral wrench fault zones
of Callfornla (See Flgure 1 of Legg and Kennedy, 1979) and
these are frequently normal faults. For eXample, in the
Newport-Inglewood fault zone, the Sunset Beach 011 fleld
structure, (Hardlng, 1973, Fig. 14) note how the north
trending normal faults do not cut the surface of the

upper Mlocene, just as is:suggested by_Moore for'the.CZD.
-This~structure is remarkably similar to the C2ZD and its
relation to the 0ZD. A map view of thls relatlonshlp is
shown in Figure 2 of Yeats (1973) _Greene, et<al,,(1979)
note that "short, en echelon, second4order:faults are

= assoc1ated with each major fault zone and ccmmonly splay.
from the primary faults at angles from 20 to 40 degrees.
Second order fold axes are751mllarly related to these
fault zones. These structural relatlonshlps follow the
stress pattern of wrench faultlng . .. " (Table 361.38-3
A FSAR ) also notes the 51m11ar1ty between the south coast
offshore .zone of deformatlon and the Newport Inglewood Zone
of Deformation, in’ partlcular the "north trending branch
faults near basement". . These .statements further support
my conclusions regardlng the standard relationship between

the 02D and the CZD.

-12-
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IV. ON THE MAXIMUM MAGNITUDE EARTHOUAKES FOR THE OZD

In ﬁhe.report byvsiemmons,for the Safetj Evalﬁation Report
(1980), several estimatés of the maximum'ﬁagnitude for the
Offshore Zone 6f Deformation, and the geaerai Ne&port-Inglewood—
Rose Can?on-VallecitosfSan Miguel ﬁault zone of Legg and Kennedy
(1979) 6r éossible connections with the Agua Blanca fault zone
offshore at nofthern Baja California, ware.described using many
different assumptions and methods of'analysis.t The magnitudeé
he derives by the various métﬂods raage from 6.3, for the his-
forical Long Beachvearthquaka £0«7a2'based upbn a'ﬁo%.of tatal
fault zone'lehgth“inclﬁdiﬁg_a portion of fhe AguaiBlanca:fault.
zone. He finally concludes that’alvalue‘of.MSa= 7.0 is
- a conservative design value.

I disagrée with his conclusion for the following reasons.
Slemmons (1980) haé_derivea larger maximum hagnitude estimates
in his stﬁdies’(M;‘; 7.2), yet uses a lower valuejin his.coné
‘clusions. His estiaate of 7.2 was derived using tHe‘maximum’
fractioﬁal fault length method, for the 0ZD, with a possible
connection to the Agua Blanca fault. He has made.severai
,_assumptions‘in his'method which are not correct, and4tend tb-
reduce the value'of-haximum magﬁitd&e he derives, which also
reduces the éonservatism of his estimates. 'Ia his esfimaﬁe
6f'the;erceﬁtage<of the total lenéfh of a fault zone which: -

ruptures during major earthquakes, he includes several events’

e
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which are BQE maximum magnitude earthquakes for the appropriate
fault zone. This biases his estimate to smaller percentages,
and hence, his method will underestimate the "true" value.
Since maximum magnitude earthquakes are rarely observed during
short historical time periods, this method will only find a
minimuﬁ estimate of the appropriate percentage of total fault
length involved in a maximum earthquake rupture. One case
which demonstrates rhe inappropriateness of.some of this data .
is for the Hayward fault zone. He uses the 1868 Hayward earth-
quake fault rupture which is estimated at M = 6.7, whereas

. in 1836, a larger earthquake occurred on ‘this fault ( =7,
Bonilla and Buchanan, 1970).

-In his estimates, Slemmons (1980), uses the fractional
rupture length method, for the 0zZD extending‘from Santa Monica *to
San Diego Bay, he has ignored the resulrs presented bv Greene,
gE~al. (1979) which state that the srructural features of this
fault zone "form a‘discrete belt that extends at least 240 km from
near the Santa. Monica Mountains into Baja_Califernia." Using
Slemmons' value of 22%, a rupture length of 53 km, corresponding
to a maximum earthquake of M = 7.0 is suggested. However, as
above stated, this 1s a minimum estimate, so it would be more
appropriate to use the value of 30% (or even 31.5% as shown for
the San Andreas 1906 earthquake, since that is generally accepted
as a maximum earthquake), .a rupture length of 72 km is derived,

whlch corresponds to a maximum earthquake of Mg = 7.2 (3). This
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. is still not a-conservatiVe value,’for the relationship»between
fault rupture length and max1mum magnltude gives a value for
the medlan value of maximum magnltude.‘ Th’s means that 50% of
the earthquakes observed with that rupture length had a greater
magnltude. A conservatlve value would use the median plus one
standard deviation‘(84% confidence) or even plus tvo standard
deviations (95% confidence). |

Still,'we'have ignored the possibilitylof the continuation
of thls fault zone into Baja California as the Newport- Inglewood—
Rose Canyon—Vallec1tos -San Miguel fault -zone of Legg and Kennedy
(1979) This 1ncreases the length of the total fault zone to
420 knm (u51ng 18C km as the comblned length of the San Miguel-"
'Vallecitos faults). Using Slemmons mlnlmum percentage estlmate
(22%) and the more conservatlve (30 ), maximum earthquake rupture‘
lengtns (and magnltudes) of 92 km (Ms = 7.3) and 126 km (Ms'= 7.5)
respectively, are derived |

Slemmons uses a’ total fault zone length of 275 km for his
example including a connectlon to. the Agua Blanca fault, This
value is based on the southward contlnuatlon of the fault zone
to a p01nt on the Agua Blanca fault offshore. at Punta Salsrpuedes
(See page E-38, SER). This |is only to the point where the data
I used in drafting the figure'for thé'reoort‘by,Legg and Kennedy
(1979) was inadequate to accurately'delineate the trace(s) - of
the Agua Blanca fault._fAs stated‘in'earlier barts of this

testimony, the Agua Blanca fault can be traced (reliably) through

~15-



-thlS entire region, and se the p0551ble connectlon of the
0ZD to the Agua Blanca fault zone 1ncreases the total fault
zone length to 460 km (to a p01nt west of Canon San Matlas)
This does not include p0551ble connectlons w1th the San »
Pedro Martir fault through the Valle Trlnldad (See, Gastil,
et al., 1975 for dlscuss1on of these areas). Agaln, u51ng
“both the minimum estlmate (22%) and the more conservatlve
(30%) ratios of maximum earthquake rupture length versus
.total fault zone length values of rupture length (and
magnltude of 101 km (M = 7. 4 —) and 138'km (Ms_= 7.5 +)
are derived. ’

From the . foreg01ng dlscuss1on, the value of M =7.0

-,does not represent a conservatlve estlmate for the maximum

earthquake magnltude on the OZD. In fact, it probab&y
represents a mlnlmum estlmate. A more reallstlc, and possibly
with suff1c1ent conservatlsm, is the value M ‘= 7.5, as has

been proposed by'the USGs (1980) (Open File RepOrt_él—llS)

-l‘l6-fA
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* Figure 3. Magnetic prohiles across the fault zone betweeq
Islas Los Coronados and Bahia Todos San tos. The fluctua-

tions are too great to be centoured on the basis of present
information. | o :
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