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2 i UNITED STATES-

I.pg j DEPARTMENT OF THE' INTERIOR Drl-875
'e- GEOLOGICAL SURVEY '

''
WASHI NGTON. D.C. 20242

OCT 111966

i

Mr. Harold L. Price
Director of Regulation y tg6
U.S. Atomic Energy Cournission ( d'O
4915 St. Elmo Avenue )
Bethesda, Maryland 20545

Dear Mr. Price: 1

Transmitted herewith is a report entitled " Comments on the Geology of the
San Onofre Nuclear Generating Srntion, Camp Pendleton, California" by,

| Alfred Clebsch, Jr. It is baseo on a review of information collected by
Southern California Edison Company and its consultants, plus field
obs'ervations and a review of geologic literature and an unpublished
report of the Geological Survey. A' draft was furnished to members of
your staff last August and their review couxnents were utilized in
preparing the final report.

We have no objection to your including this statement in the public
record.

1

Sincerely yours,

,,

j Actin 8 Director
!
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Comments on the Geology of the San onof re Nuclear !
Generating Station, Camp pendleton, California 0

(/EC Dochet No. 50-206) f,

by /.lf red Clebsch, Jr.
' 1

l

I
INTRODUCTION

a

This report was prepared in response to requests from the Director of !
Regulation, U.S. t.tomic Energy Commission, dated October 24, 196 3, and
December 22, 1965, for information on geologic conditions at the San
Onofre site. It is based on a review of published geologic information, |
unpublished reports of the Geological Survey, and data collected by the |

Southern California Edison Company in their exploratory invest igat;on 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
James R. Uall and L. C. Dutcher of the Geological Survey on I.ugust 17, 1964.

| My initial observations were made prior to any encavation. Preliminary test
drilling had been completed at that time, however. Wall and Dutcher visited
the site after most of the c xcavating had been completed and before the start
of construction of the containment sphere for the reactor.

The information developed by Southern California Edison Company is ;

summarized in documents related to their application for a license to construct
|and operate the nuclear pouer plant. The principal ones are as follows: i

"part B, Preliminary Ha?.ards Summary Report, Southern California Edison Compan: ,
1 Nuclear Station at Camp Pendleton, Cclifornia, Unit No. 1, dated January, 1963"; .

"/mendment No. 3, /.pplication for Construction Permit and for License"; and,
" Final Engineering Report and Safety /nalysis, San Onofre Nuclear Generating,

| Station, Unit 1."

| The geology of Camp Pendleton, which includes the San Onofre site, has
| been mapped by R. F. Boss, F. H. Olmsted, F. S. Riley, and G. F. Worts, Jr. ,

| as part of an unpublished study of the Geology and Ground Water Resources
) of Camp Pendleton by Worts and Boss, prepared b; the U.S. Geological Survey aon behalf of the Navy Department. That map and pertinent descriptive material

constitute t he pri.ncipal sources of specific geologic information on the site
and vicinity; other general information on the geology of the region and on
adj acent areas is included in reports by Uoodford (1925), Jahns (1954), Yerkes '

and others (1963), and / llen and others (1965).
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GEOGR/.I'lllC /tl0 GCouC JC SK rfl3G

The site is on a northwest-trending section of tne ro: ;t of mu hcen
cali fornia appro::imately lo miles northwest of.0ceans i ie and milex southeast
o f San C!cmente. It is on the southwestern edge of t ne e::p.; nod par t of the *

i

peninsular Ranges physiographic province (Jahns, 1 % ', , p. :V->2), in thich the ;

primare topographic grain of the country la controlled by neolorir structural I
t ro n.ls , i t is part of a major structural block boun ted on the no r t! .sa s t by
the northwest-trending Elsinore fault and on the soutbrent by t he o: f-shore
extensioa of the Newport-Inglewood <ana o f de format loa (Yerkes and others, 196:, -;
p. / 1.D . The Elsinore fault is rounbly 22' miles north <. ant o f t h .' s i t - . The

'

i

submar ine e: t.ension o f the Newport-_In,:lceund none, as mapped Lv Emi r', ( l '/ *
fis e s) a l.:o i cen la nort hwes tuard an i is about 7 miles .>u : n - ":t o- th.. ni:..

|i fornie I t'ir W |nicator-(lH M , ia tis discussion of structural provinces o' c

und a. o;2) cetera to this bloch, which c<tends into lov<cr ca l . !or nic., as |

"a mast 1: non-scismic block. . . " )
-

In the general vicJnity a nearly vertical cliff rises do to 101 feet
aboen a narrou sandy l>each. From :he top of the cliff a- flat to gen;1y
ua lulatir.:, terrace rises touard the Scn unofre Ilills to the eartheast. The
Coast !! i ,'' n;a y (U.S. 101) and the /.T. and S.F. rai lwa: parallel th.> coast

,

on :his terrace. The terrace is cut by short, steep-ra? led canyons, or -|
bar"ancos, that t rend near t y per7endicular to the shoreline. Go v. ell-de fined
va!loya Craining the mountnins back from the coast cut the tecrace v,ithin
about a mile of the plant site,

i

The San Mateo Formation of Good ford (1925) o f pliocene (?) a ;c is ex: osed in the
'

lower two-thirds or so of the sea cli f f; the upper t hi rd is made up o f bou! > .. :, ]
gravel, sand, and silt, which lic uncon formably on the San Mateo, mapped b |
torts and others as on unnamed deposit presumed to be o f l icistocene age. The
San Mc teo is unjerlain by the Capistrano Formation of l'liocene age.

Rocka nt the Site

The geologic unit of principal interest at the site is the San Mateo
Formation, it consists mostly of poorly ' consolidated medium to coarse sand.

'

but i t containn gravel hels as ucil as shale layers. The upper part of thia
,

formation is well o: posed in a nearly vertical clif f that e.tcnds more than
a mi10 northwestwt ! from the plant site and for about three (piar ters o f .' nd le
-ou:heast of thu si te. The plant is founded on the San Matea "ormation ani '

y
most of the site has been excavated into it.

/ccording to Uorts and Boss, the San Mateo ranges in thickness from .cro
to more than 1,000 feet. Test drilli.ng data ir,cluded in the Preliminary

'

.s

llav.ards Summary Report indicate that it c::tends to a deptl of about 250 feet
below sea level. / real distribution of the San Mateo is limited to the
vicinity of the lower reaches of San Mateo Creek; its castward limit is
generally marked by the Cristianitos fault.

-
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Uorts and Boss include a brie f 'discuanlon o f' st rat igraphic correlations -

proposed by various workers since Ellis and 1.cc (1919) first stmlied the
area, but follow the usage of Uoodford (1925). Woodford considered thene , (

rocks to be a doubt ful correlative af the San Diego Formation of middle or
'

late pliocene age, which is exposed in the vicinity of San Diego. ./Ithough
no infocmat ion was developed during our two inspections of' this site that unuld
- further :re fine the stratigraphic correlation of these rocks, they are lithologically
similar.and appear to occupy a stratigraphic position :imilar to the Niguel
Formation, mapped b. Vedder and others (1957) as upper l>liocene.

The San Mateo exposures consist of orange-brown to yellowish bu f f nandstone- ~

.

that has indistinct bcdding marked b: pebble beds, in gross anpect the rock
appears massive, and has been described as dense, but it is cross-bedded,
h i:th 1: porous, an! friable. The unit has been ti1ted nIinh'.M . Jip measureu ntn d
vere not made, but the dip is very gentle and toward the northeest. Worts cud '

Bosa indicate a range of dips from 3 to 10 degrecs, c:: cept near the Christianitos
fault, where they measured dips of 75 degrecs.

'l

Locally the San Mateo Formation contains flat, clongate, angular, f ra.qme n t s
of shale and siltstone that uere deponited along with the sand and gravel. 1

| Som: of the shale fragments are as much as a foot thich and several feet
across; many are the size of boulders and cobbles. The presence of this
material in an otherwise relatively uniform and massive sandstone suggests
that the site of deposition was very near an outcrop of the Capistrano Formation,

3

because the shale could not have been transported far uithout becoming rounded. I

The unconsolidated rocks overlying the San Mateo sands are poorly sorted
and contain interfingering lenses of gravel, sand, silt, an<! clay, which

| show abrupt changes in grain size both laterally and vertienlly, tithough
they were described by Worts and Boss rs being chiefly of marine origin, -|

they are similar in appearance to alluvial fan deposits. Some o f. the clay |
layers contain sand-filled mud cracks. In the vicinity of the site these
materials are almost certainly of terrestrial origin. -

The contact betueen the San Matco' rocks and the overlying materialis sharp q
and dintinc:. The gp3r au rf ace of t.w Jan clateo has been croded and is- - <

uavy, with amplitudes of 4 to 5 feet over distances of 20 to 100 feet. ."

The trastic change in condi tions of sedimentation have given rise to a marked j
chance in color ani lithology. Furthermore, the slightly varp.d bedJing
of tbc San Mateo san h Sas been truncated by the crosional r.ut face. 3" g

The San Mateo is underlain by the Capistrano Formation of pliocene ago, '
, <

|- which consists of shale, siltstone and, according to Worts and Boss, some 7
conglomerate. Capistrano rocks are exposed about a mile. southeast of the
uite on the cast side of the Cristianitos fault. In 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 c:< tending as much as an eighth of a mile toward the hills. Boss ,

and Worts indicate a range in thickness of the Capistrano of zero to 500
,

*
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SIGNIFIC/N T STRUCTUR/ L FWTulmS )
1

iThe ",cologic map prepared by Boss and others shows no faults through t he jsite. My obscevat ions at the site were concerned primartle uith determining i

whether there was evidence of geologically. recent lault mweme n t , on either
|

the Criatianitos fault or possibly on other faults that had nat been mapped. H
Such evidence would provide a rough indication of ' he tectonic stability of the jt

site, or lach thereo f.
l
|

The Cristianitos Fault

'!he principal tectonic feature of the general area is the Cristianitos
;

fault. Its dec race trace is about three-quarters of a mile due "ast o f '. h e I.

p!,nt site. F om 'u paint at which the fault intersects tae :wreline
.

(0." mile southeast of the site) it trends almost-due north for about a-
mile, then trends north-northwestward. Boss and other:. map it as a normal
fault, the rochs to the east having been moved upward with respect to those ..

,J
; on the ucat. Their mapping sujaccts that in the vicinity oJ the San Onofre 1

site it is nearly vertical and a relatively simpic structure; however, they i
'

map several branches and related faults about a mile end a hali north of the
!sit e on the north side of the valley of San Onofre Creek, and they infer
|a

iajor braaeh bencath the alluvium of Cristianitos Crech and the lower part
{of San Mateo Creek. "

i

The e::posure of the fault where it intersects the coast was examined,
;

and at this point the San Mateo Formation is faulted against the Capistrano
Formation. No evidenec uns found that the unnamed unconsolidated deposits
ovec]ying the San Meteo have been displaced by faulting. Thus the most
recent movement on the Cristianitos fault near the site took plaec no lon: e r
ago than the age of the San Mateo Formation, and no mare recently than the i

age of the unnamed deposits that overlie the dan ',!atea.

| Inasmuch as the age of both these units is uncertain, it is not possible '

to determine the age of the most recent faulting uith any degree of certainty.
I f the S: n Mateo Format ion is as roung as late Pliocene age, the most recent
faulting could be as cid as a million years. If the unnamed deposits are '

youngest Pleistocene, the most recent movement on the Cristianitos f au l t
would have occurr..I at least ten thousand years ago.

.

It i s signi ficant that although Worts and Boss were able to trace the
unnamed unconsolidated deposits southeastward more than nine miles from the
San Onofre site and more than a mile and a half inland in the valleys of

| 1.as Flores and /,liso Creeks, they found no evidence that this unit has be
f au l t ed. They state that the prominent faults of the Camp Pendleton area". . . '

,

formed or reactivated during the period.of regional tilting, but it iswere '

believed that littic or no faulting has occurred since mid-Pleistocene time. :
This is indicated by the fact that none of the coastal terrace deposits l'
. shou evidence of faulting. The coastal and of the Cristianitos fau l t has not'

' displaced the overlying constr.1 terrace deposits "

.,
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Durin,q my visit to the site 1 cremined the contact between the San Mateo-

and the overlying-rochs in detail in neveral of the barranean and along the ~|

sea cli f f for ,}oints and small faults that might displace the youn<;er beds.
/t a point appro::imately 1.alf a mile southeast of the si te vc rLical. f ractures

striking N.a0 W were observed'that showed relative displacement o'r bedding
|

in the San Mateo of two inches. These could not be trcced upuard into the ]
Overlying material. t. qucrter of a mile northwest of the site nimilar !

' f ractures shoved displacements of four inches or less. They did'not c:: t e nd
9 ard into'the unnamed rocks.

'

The calls of the large.barranca that cut through the site end of several
,

others northwest and southeast of the site were examined along the contact . |
tetween the Sen Mateo sands and the unnamed-alluvial deponits for evidence ,f
ef (aults or ointo trending parallel the-shoreline; nonc uc; found.

e.
During construction the site uns visited by James R. Uall end L. C. Dutcher

of the Geological Survey, who made the following observations and conclu'sions:

' Close visual inspection uns made of (1) the face of thc.
cut. from top to bottom, along its entire length; (2) the floor o f the
c::c ava t ion ; and (3) the terrace surface along the edges of the encavation,
the only part of the area that was not directly olucrved uns the lower-
:nos t 10 feet o f the containment sphere pit, which was at the time
partially filled with water.

"The stratigraphic section c:: posed at the c::cavation consista
of an uppermost terrace deposit of poorly sorted and poorly consolidated
sand, pebbics, and cobbics, overlying the massive San Mateo Sand. The
San Mateo is composed chiefly of poorly cemented quartz sand, but
lacclly contains inclusions c f siltstone and shale derived from the
Capistrano Formation. The si;'.c of the inclusions varies from a few

| inches to as much as 10 feet.

"The contact between the Scn Mateo Sand and the overlying terrace
gravels is cicarly e:: posed along the entire extent o'.' the cut. The!

|

between the San Mateo Sand and the underlying Capistrano Formationcontact
is not c:: posed at the c::cavation.

| "There in no evidence of structural anomalics in e!:hcr the terrace
~

'l

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

|

' CONC 1.US IONS

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

f vicinity, the description of the geology of the San Onofre site included in

the Preliminar.y llaxards Summary Report appears complete and substantially. ~

> accurato. Our field investigations disclosed no evidence of faults through
the site.
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