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Comments on the Geology of the San Onofre Nuclear
Generating Station, Camp l'endleton, California
(/EC Docket No, 50-200)

by &lfred Clebsch, Jr.
INTRODUCTION

This report was prepared in response to requests from the Director of
Resulation, U.S. Atomic Encrgy Commission, dated October 24, 1963, and
December 22, 1965, for information on geologic conditions at the San
Onofre site. It is based on a veview of published geologic information,
unpublished reports of the Geological Survey, and data collected by the
Southern Calilornia Edison Company in their exploratory invzis:ijaiion and
preparation of the site for construction, plus observations at the site
and in the vicinity by the writer on October 29 and 30, 1963, and by
Jam2s R, V'all and L. C. Dutcher of the Geological Survey on fugust 17, 1964,
My initial observations were made prior to any ec.cavation. DPreliminary test
drilling had been completed at that time, however. all and Dutcher visited
the site after most of the e xcavating had been completed and before the start
of construction of the containment spher¢ for the reactor.

The information developed by Southern California Cdison Company is
sumnarized in documents related to their application for a license to construct
and operate the nuclear pover plant. The principal ones are as follows:
"Part B, Preliminary Ha:ards Summary Report, Southern California Edison Compan:,
Nuclear Station at Camp Pendleton, C:ilifornia, Unit No. 1, dated January, 1963";
"#mendment No. 3, fpplication for Constiuction Permit and for License": and,
"Final Engineering Report and Safety Analysis, San Onofre Nuclcar Generating
Station, Unie 1."

The geology of Camp Pendleton, which includes the San Onofre site, has
been mapped by R. F, Bess, F. H. Olmsted, F. 8. Riley, and G. F. Vorts, Jr.
as part of on unpublished study of the Geology and Ground Water R.sources
of Camp Pendleton by Worts and Boss, prepared b: the U.S. Geological Survev
on behalf{ of the Navy Department. That map and pertinent descriptive material
constitute the srincipal sources of specific geologic information on the site
and vicinity; other general information on the geology of the region and on
adjacent arcas is included in reports by Voodford (1925), Jahns (1954), Yerkes
and others (1YCL), and /1len and others (1965).
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GLEOGRANIIC AHD GEOLOGIC SETLG

The site is on a northwest=tronding scction of (he cosat of sousiharn
Calilornia approzimately 1o miles northwest of Occanside and © miles southeas!
of 3an Clemente. Tt (s on the southwestevn edge of t(ne cipused part of the
Peninsular Ranges phvsiographie provinee (Jahng, 193%, pe 24« 02), in vhich the
primarv topograpinic grain of the country is controlled by veolo-ie structural
trends. 1L dig part of a major structural biloevk bounled on Lhie norti sast by
the northwest-trending Elsinore fault and on the southvest Ly (he o!f-shore
extension of the NewporteInilewood zona of deformat fon (Yorkes and others, 1965,
pe 1)L The Blelnore fault is woupily 22 miles northeast of tha site, The

submaving o tension of the Newportslntlovood zone, s mapped b0 Smory (¢

fiv. ba) alio tioesls nertihwestyvaed ant {8 about Frmilos sobarioit o Ehe bl
Licator- (Y38, duvis discussdon of stouctural provineces o U filornte il 90l
S T o) Jefers to this blaeck, whiech extends lnto lower Calkiluvrnlas, as

"a mastly non~scismic block..."

In the general vicinitv a nearly vevtical cliff rises a0 to 100 feet
abova a narrow sandy beach., Trom “he top of the e¢liff a [lual to genils
uadulating terrace rises tovard the Lon Onofre Hills to the uvartheast, The
Coast (M apsay (UGS T01) and the (T, end B.F, vatlea porsllol the coget
on this terrace. The terrace {s cut by short, steep-uva!led canyons, of
barvancas, that trend nearlyperpendicular to the shoreline, iio well=detined
vallevs craining the mountains back from the coast cut the tecrace within
t & mile of the plant site.

The San Mateo Formation of Uoodford (1925) of Pliocene (7) aze is exrosed in the
lowsr tws-thirds or so of the sca ¢liff; the upper third is made up of bou!l tary,
gravel, sand, and silt, vhich lic unconlormably on the San Mateo, mapped b
torts and others as an unnamed deposit presumed to be of | leistocene age. [he
San Miteo is underlain by the Capistiano Formatioa of Pliocene age.

Rocs<s at the Site

The peologic unit of principal interest at the site is Lhe San Matco
Formation, 1t consists mostly of poorly consolidated mediun to coarse sand,
but it contains gravel beds as well as shale layers. The upper part of this
formation is well erposed in a nearly vertical cliff that o :L.nds more thau
a mile northwestuvor ! from the plant site and for about three guavters of o mily
c~outhoast of thv site. The plant is founded on the San Matvo Yormation an!
most of the site has been excavated into ft.

tcecording to Yorts and Boss, the San Miteo ranges in thickness [rom =2cro
to more than 1,000 feet., Test drilling data included in the Preliminary
Havards Summary Report indicate that it cutends to a depth of about 250 feet
below sea level. /freal distribution of the San Mateo is limited to the
vicinity of the lower reaches of S5an Mateco Creek; its eastward limit is
gencrally marked by the Cristianitos fault,



Worts and Boss include a bricl discussion of stratinraphic correlations
proposcd by various workers since Ellis anud lee (1919) fivet studied the
arca, but follow the usage of Voodford (1¥25). \Voadiord considered these
rociis to be a doubtful correlative of the San Diego Formation of mididle or
late Pliocene age, which is exposed in the vicinity of San Diego. / ltheuph
no {nfo.mation was developed during our two inspections of this site that weuld

furthee reline the stratigraphiic corvelation of these rocks, they are lithologically

similar and appcar to occupy a stratiurvaphic position similar to the Niguel
Formation, mapped b Vedder and othcrs (195/) as upper Fliocenc,

Thae San Matco exposures consist of oranpe-brown to vellowish buff sandstone
thot has indistinct bedding marked b: pebble beds., 1In sross aspect the rock
appa2ars massive, and has been described as densc, but it is cross-bedded,

nishly porvous, ant friable. The unit has been tiltod slightir. Jip measurcuonts
veve not made, hui the dip is very gentle and toward the novthwest, Worts end
Boss indicate a range of dips from 3 to 10 degrees, e:ncept near the Christianitos
fault, where they measuved dips of 75 deprees.

Locally the San Mateo Formation contains flat, elonpate, anpular, fragments
of shale and siltstone that were deposited along with the sand aud gravel.
Som2 of the shale fragments are as much as a foot thick and several feet
across; many arc the size of boulders and cobbles. The presence of this
matecial in an otherwise relatively uniform and massive sandstone supgests
that the site of deposition was very near an outcrop of the Capistrano Formation,
because the shale could not have been transported far without becoming rounded.

The unconsolidated rocks overlying the San Mateo sands arc poorly sorted
and contain interfingering lenses of gravel, sand, silt, and clay, vhich
show abrupt changes in grain size both laterally and vertically. 2lthough
they wvere described by Vorts and Boss cs being chiefly of marine origin,
they are similar in appearance to alluvial fan deposits., 3ome of the clay
layars contain sand-filled mud cracks. 1In the vicinity of thec site these
materials are almost certainly of terrestrial origin.

The contact between the San Mateo rocks and the overlying material is sharp
and discine.., The wnpur gueface of tae Jan sateo has been croded and is
wavy, with amplitudes of 4 to 5 fcet over distances of 20 to 100 feet.

The lIrastic change in conditions of sedimentation have given rise to a1 marked
chanee in color and lithology. Furthermore, the slightly wvarp d bedling
of the San Mateo san'y '‘as been truncated by the erosional su: iace.

The San Matco is underlain by the Capistrano Formation of V'liocene ane,
which consists of shale, siltstons and, according to Worts and Boss, some
conglomerate., Capistrano rocks are exposed about a mile southeast of the
site on the cast side of the Cristianitos fault. 1n these exposures the
unit is a thin-bedded, gray to rusty brown silty, micaccous shale that has
given rise to a distinctive landslide topography for a 3-mile stretch along
the coast extending as much as an cighth of a mile toward the hills. Boss
and Worts indicate a range in thickness of the Capistrano of ‘evo to 500
fect,



The ceologic map prepared by Boss and others shows no faults through the
site. My obsecevations at the site were concernced primarily with determinin
whether there was evidence of geologically recent fault mevemeat, on oither
the Criatianitos fault or possibly on other faults that had not been mappud.
Such evidence would provide a vough indication of Lhe tectonic stability of the
site, of lack thereof.
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The Cristianitos Fault

The princinal tectonic feature of the peneral arca is tho Cristianitos

fanit. 1ts suiface trace is about thuce~quarters of a mile “ue cast of he
(O.% mile southeast of the site) it trvends almoat due north ot about a

mila, then trends nerth-northwestuard., Boss and others map it as a normal
fault, the rocks to the cast having been moved upward vith respect to those
the west., Their mapping suigests that in the viciaity o¢ Lthe San Onofre
site it is nearly vertical aud a relatively simple structuce; however, thev
map saveral branches and related faults aliout a mile cnd a nal{ north of the

site on the north side Of the valloy of San ()nofre Cr(.o:;‘ andd '.!h.':-' infor a
wjor braach beneath the alluvium of Cristianitos Creck and the lower part
of San Mateo Creck.

plang site, Foom e paine ac whieh the fault Latersects vav chsreline
\
1
\
;
|
\
(

The erposure of the fault where it intersects the enast was examined, |
and at this point the San Matco Formation is faulted asninst the Capistrano
Formation. o evidenece vas found that the unnamed unconsolidated deposits
ovevlving the San M.teo have been displaced by faulting, Thus the most
recent movement on tine Cristianitos fault near the site took vlace no lonzer
aro than the age of the San Matco Formation, and no move recently than the *
age 2f the unnamed deposits that overlie thz saa Mateo.

[nacmuch as the age of hoth these units is uncertain, it is not possible
to determine the age of the most recent faulting with any degree of certaint..
I{f the S:n Mateo Formation is as toung as late Pliocenc are, the most recent e |
faulting could be as cld as a million vears. 1If the unnamed deposits are
vounpest Pleistocene, the most recent movement on the Cristianitos fault
would have occurri | at least ten thousand years ago.

it is significant that although Worts and Boss were able tuv .roce the
unnamed unconsolidated deposits southcastward more than nine miles from the
Sen Onofre site and more than a mile and a half inland in the valleys of
lLas Flores and /liso Croeks, they found no evidence that this unit has be
faulted. They state that the prominent faults of the Camp T'endleton arca'

were formed or reactivated during the period of regional tilting, but it is

believed that little or no faulting has occurred since mid-Pleistocene time. |
This is indicated by the fact that none of the coastal terrace deposits e
show evidence of faulting. The coastal end of the Cristianitos fault has not

displaced the overlying coastel terrace deposits."




Durina my visit to the site 1 crpmined the contact between the $San Mateo
an'l the overlying rocks in detail in several of the barrancas and alony the
sed ¢liff for joints and small faults that might displace the vouncer bods,
/t a point approzimately Lalfl a mile soutiicast of the site vertical fractures
striking N 0% @ were observed that showed relative displaccment of bedding
in the San Matco of two inches. These could not be triced upvard into the
averlying material., & quorter of a mile northwest of the site similar
froctures shoved displacements of four inches or less., Tacy did not e:tead
apvard into the unnamed rocks.

The valls of the large barranca that cut through the site end of several
ethers northwest and southcast of the site were examined along the contact

dtueen the Son Mateo sands and the unnamed alluvial deposits for evidence
of taults or ointy trending parallel the shoreline; none uwci f{ound.

During construction the site was visited by James R. Uall ¢nd L. €. Dutcher
of the Geological Survey, whe made the following observations and conclusions:

'Close visual inspection was made of (1) the face of the
cut. from top to bottom, along its entire length; (2) the f{loor of the
excavation; and (3) the terrace surface along the cdges of the encavation.
the only part of the area that was not directly observed vas the lower-
most 10 feet of the containment sphere pit, which was at the time
partially filled with water.

"The stratigraphic section e:posed at the e:cavation consists
of an uppermost tervace deposit of poorly sorted and poorly consolidated
sand, pebbles, and cobbles, overlving the massive San Matco Sand. The
San Mateo is composed chicfly of poorly cemented quartz sand, but
locelly contains inclusions ¢ siltstone and shale derived from the
Capistrano Foimation. The sine of the inclusions varies from a few
inches to as much as 10 feet.

"The contact between the San Mateo Sand and the overlving terrace
iravels is clearly enposed along the entire extent of the cut. The
contact between the San Mateo Sand and the underlying Capistrano Formation
is not e:posed at the excavation.

"There is no evidence of structural anomalies in cither the terraec
deposits or in the San Mateo Sand, There is no displacement along the contact,
and therefore no evidence of faulting."

CONCLUSIONS

Based on a review of the data provided and supplemented by independent
review of geologic literature and field observations at the site and in the
vicinity, the description of the geolegy of the San Onofre site included in
the Preliminary Harards Summary Report appears complete and substantially
accurate. Our field investigations disclosed no evidence of faults through
the site,
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