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! Fgas Department of Water and Power DeSDIAfg nuptAgg
City ef_Les Angeles
sob las- Det 4 4211 - trt. 4224 * _ . ,

-

Departamat 'of Itater and Power engineers tedey aaneensed the receipt
of two government reports whose conclusions are favorable to the proposed
awclear power generating stattee alte meer Italibu.

, _ _ , _ . . . ._ . . _ . . .. - - - . - - - - - - ,_, _ _

Geelegical- features of the site for the $92,000,000 improvement are
covered in a report free the U.S. Geelegical Survey (USGS), while earthquake
conditions are covered in a report of the U.S. Coast and Geodetic survey (U8C448).

The two Federal agencies were requested te make detailed studies by the ,-
Atomic Bastgy Ceaunission,'which plans to held a public hearing seen en the
DWP applicaties for a conatractica permit for the nuclear staties.

'

"Any sentera over landslide possibilities should be removed, according.

to WP angineers, by the WSEP coeclusten that "the.bedreak geelegy of the )
'

general site area and the offsbere tepegraphy as presently kaeum preclude
the possibility of a large new slide moving part er all of the plant site-

,seaward.''
I

The USGS report aise rates as " negligible" the probabilities of ground
. i

surface- movement in Cerral Canyea, due to faulting, for as long as the plant !is expected to be in existence there.

In its report en earthquake conditions, the U30448 said possible shocks
-

associated with local miner tremors de not require any- serious consideration
in the design of the nuclear facility. i

On the etbar hand. in the evaat.ef a large earthgaake en the San Andreas
fault, 40 miles away, special design previsions are necessary, the reportsaid. The DWP has already incorporated such special features in its designof the project, it was stated.

Further indicating the kiktt degree of safety provided for in the design
of the nuclear power station, WP engineers said that it will- be protected
from tidal waves 50 feet high.

Samuel B. Nelsen, DWP general manager and chief engineer, expressed
gratification that the USC&G8 report gave recognition to the thoroughness
of preliminary site studies made by stafi engineers and cenaultants. The
report credited the DWP with submitting "a comprehensive and accurate
description of the Malibu geology - fault systems in the immediate vicinity,
seismie history, and ground motions".
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Engineering Geolo6y Sucroary' of. the - Proposed Nuclear Power Plant-

| Malibu Site,' Los Angelee County, California-
.-;

i
,

This summary statementLvas prepared in response to-the following
_

1

questions raised by the Atomic Energy. Commission's Division of '

; Regulation concerning the Ee010Cic and hydrologic conditions at'the
1

j proposed nuclear power reactor site at the mouth of Corral Canyon,

Malibu Beach, Los Angeles County,_ California. The' questions aret-
i
! 1. The nature an'. extent of landslides and'the likelihood of
1.

j landslides at the site which might endanser the plant.

!. 2. The relation of the "Malibu Coast fault" to the site and-.

i
j the likelihood of differential ground niotion'at the sitel

'

)

j .due to earthquakes. In this connection, how recently has
4

4

i movement on the "Malibu Coast fault" occurred and hov
|

| recentlyhasdifferentialmovementj.ifany,atthesite
|

...

j itself occurred?
I

3 The possibility'of flooding at the site and the-retention-
) -

'

j or ion exchange characteristics of.the soil.

The Malibu site is in the east-trending Malibu Coast fault- zone,

i a ma,jor structure that at the site is 500 to 1,500 feet vide and consist's' - '

c
}

,

a-

| : cf two large faults, the' Malibu Coast ' fault. on the northland1the Escondido *

Uorth fault.on the south.. Sedimentary and volcanic-rocks of Middle
:

_ Miocene ace underlie the site and are characteristically. tightly folded,

1 .

j- and intensely' deformed due to- tectonic activity. Near the Malibu1 Coast
,

i *

h. 'f .

3

t
'}. *
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; f a ult, the rocks are highly sheared and offset by smaller faults

paralleling the mjor faults. '~ne Miocene rocks are unconformably
$

| overlain by unconsolidated stream, terrace, landslide, beach, and

flood plain deposits. These deposits range in age from Recent to,

.s

I Late Pleistocene (not more than h00,000 years old) and in the vicinit/
4
| of the site have been displaced vertically by faults paral.lelic6 the.

. Iblibu Coast fault. Detailed information on the geology of the site
t

'

is presented in " Preliminary Geologie Report on the Propcsed Corral

Canycn Nuclear Power Plant Site, Los Angeles County, California'',,
-t

] ty R. F. 'lerkes, Reuben Kachadoordon, and C. M. Ventworth.

To deter:dne the nature and extent of th? existing landslides
| 1
) I and to evaluate the possibility of future landr,lides endangering the

1
facilities at the site is dependent on queuititative knowledge of the

3

i physio 6raphic setting, the lithologic features of the failed materials,

;f the physical characteristics of known slides, a thorough understanding
1
q of the types of failure, and the environmental agencies that contributed
I

<

T to the faulure.
4

Ph:, niorrephic settina;.--Corral Canyon contains an intermittent,

d

creek that actively erodes alluvium and bedrock during flood in the

j rainy season. The valls of the canyon are in large part quite steep,||
risin,100 to ts00 feet at 200 to 300 on the east vall, and a cimilar

distance at 150 to 300 on the vest vall. The scuth-facing coact rises

,' at L slope an;;1e of 120 to 300 from the actively eroding shoreline to
+

an altitude of about 140 feet at the seavard edge of the coastal terrace.
a
I
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Lene relatively steep clopes within the site are quite susceptible,
!
'

to slope failure. Sone slopes originally as lov as 250 have failed,
'

whereas other 200-foot-long slopes on less deformed bedrock stand
Oat LO ..

; '

t gndslide charactel; stics.--Landslides ccver about one-third. of
,

the site area. Each of the three largest slides cover an area of

about 1,000,000 square feet; several others are 100,000 to 300,000
.'

square feet in area, and smaller slides are ahndant. They have

forced chiefly in bedrock thouch the lar;er slides locally involve

nrficial deposits; only minor slides have developed entirely within'

.

3 surficial deposits. Generally landslides ar/not correlative with1
i

<

cpecific t;7es of bedrock, houever, the rocks of Unit B are expecially
j susceptible to failure along the ccactline. He surface traces ofi

the =apped faults are preferred locations for landslides; the traces
+

, of the Malibu Coast and Escondido North faults are in part concealed
i

} by it.ndslides on the valls of Corral Canyon.
;

] Some of the slides have relatively fresh scarps or cracks at
.1

tl.e head, or are crossed by pavement that has been disrupted by -

ground movement: thece are clacsified as active. Little is known
.

+

concerning rates of covement of these slides. Ooso known to be active
'

~

are coving intermittently ard slowly. This is vel.1 shown in the case

of the 8-inch concrete divider of Pacific Coact Highway where it
.

1
.

crosses the larre slide east of the canyon mouth.
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None of the slides is so old or so situated as to be deeply
4

dissected by erosion, with the exception of the larce slump on thea

i

east val.1 of Corral Canyon north of the Malibu Coast fault.' If this

is e landslide and not an erosion fsature, it probably datmed Corral.

7

Canyon when it coved. Tnis dam van probably cbout 100 feet above
3

present creek level snd has since been racoved by erosion.5

5

Litholocie features.--Bedrock in the site area consists chiefly

of interbedded sandstone, silt Aone, and mudstone. These rocks have
-

been tightly folded and moderately to intensely and pervasively

sheared. The interbedded mudstonen contain contmorillonitio (svelling)
1
t clays.

.

}

j "W as of rock failure.--Two types of rock failure are reco6nized,
4'j slumps or maltiple slu=ps, and debris slides. Slumps consist of one
'3
| or several " slices" of bedrock that have not teen internally deformed

to anY 6reat de6ree by sliding. Debris slides may form in part by
:

flovage; the nateriel in such slides consists of relatively smc11
i
y semi-independent rock fragments.
i
fal
4 The coles of some of the sr. aller slumps vere obcerved; these
4
1 consist of one or more closely-spaced surfaces of rupture with unde-

__ -

forned caterial both abose and belou. The large slide vest of the

A
mouth of Corral Canyon has been bored near the t>horeline to an altitude

<
'

of minus 49 feet. The borings bottomed in prcbable bedrock, but no

i obvious surfaces of rupture vere detected by in-hole inspection of thee

''

borings.-

,

j

j j
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E Znvircnmental reercies.--During the rainy season the Corral Canyon
4

^

j area is subject to short, intense rainstorms that are capable of com-

t. pictely saturating the grouad. In 1932, six inches of rain fell on.

' already saturated Ground during a four day rainstorm in the Santa Monica
:

1 i.vantains. Se-% saturation of the ground is a major immediate cause-

cf slope failure in this general area, as it results in a vast increase
;

<

in the ve16 t of potentially unstable ground, as vell as a decrease inh
a

I rock strength.

] Corral Canyon is in an area of known seismic activity and will be

subject to seismic shock in the future. Ground vibration, especially,

>

.[ if it occurs when the rocks are saturated, can cause initiation or re-1

i
] g juvenation of landslides in the site arca.

i,

| The potential danger irem the landslides at the site during thc

50 year estimated lifetime of the plant is contincent on the condition
|

| of the rocks, i. e. , the degree to which they are v ter saturated, the
.

attitude of bedding planes, the amount and locale of erosion, and

the occurrence of scismic events in the vicinity of Corral Canyon.

; At the site the tvo larce, active landslides that flank the mouth

of Corral Canyon are moving seaward, due larcely to renoval of support

at the too by coastal erosion of Unit E rocks. Continued activity of

these slides can be expected. A cor.bination cf saturated cround and
.

severe seicnic shock could be expected to accelercte movement of the

; slides. Headvcrd migration vould be possible under these circumstances;

lateral micration vould be less likely. Under the nost severe con-

ceivable circur.stanecc, it is probable that the shculders cf the canyon

couth vithin 500 feet of the shoreline could be included in the landslides
by headvard and latersl migration of their boundaries.

5
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Tho toes of these tuo landslides;are_ et or seavard of the shoreline,
~

.

,

, .

<

4' .j but it is unlikely that they extend very f ar- seavard.- The ti -bottom
'

"

b j '

!

;s slopes very gently and vater depth 3 miles offshore of Cor ? Canyon is-
| :*
j about 300 feet. In addition, the sole of the_ landslide vent' of the -
i ~

.

; canyon r.outh has been interpreted-from borings to lie at minusi feet,

f, } ~ at- a distance of about- 100 feet north of- the shcreline.
: -

{ .Dere is:little potential' .danser from large scale natural l' ndsliding ' {
'

-

a

| ,

on-the east vall of Corral Canyon in the proposed construction' site. - Thej- ,c -

-

-
vest vall near- the canyon mouth rises more steeply to a creater heiG ta h

! and-thus has slightly greater potential for natural failure. Failure
-
. .

i '
of in;roperly constructed cuts vould probably censtitute as great a

i j '

|' ., bazard as additional landsliding of natural slopes _in_the construction *

,

t
-

3 ; area.
I- ! .

The bedrock geology of the teneral site area and the offshorei,
'

1

| | topography as presently known preclude the possibility of a large slide -
i

[ moving part or all of the plant site seavard relative to the shoreline.
f-

| The possibility .of landslides in Corral Canyon north of the Malibu

[ Coast fault poses an~ indirect hazard to the plcn site in the form of a-
|

! landslide-induced flood. Rainstorm-saturated 6round, especially_ if
i

- . . - - =
- combined with seisr.ic shock, could produce a landslide large enough_.

i^ l' to das the creek and pond flood waters. If the dam were then . topped;- 1
. > ..

{ _ and quickly eroded, a major flood could result near the canyon mouth.
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Te c ' eni:. settir ~ cnd fattlt :: vc ent.--The relation of the Malibu
4 Coast fault to the site and the reccney of covecent on this and related
A

'

faults was determined from detailed 6eologic study of the site and

adjacent areas. The Malibu Coast fault is a surfac trace of a crustal
a

boundary f ault of rc~.;ienal s1 nificance. It is one of two large faults5

that form a vide structural zone that trends cast-sest for at least
20 miles frem the site. The croposed construction area is in bedrock4

; cf this :cn2 that has been cut by several faults subparallel to the
.

; dir. Coat fault. .ne recns .: Intensely folded and pervasively

Tc.e tc:tenic deforcation which producei the faults has resultedvearen

*,

_a =2ny thou: ands of feet of novecent since the end of middle Filocenea
i

j t.ac(about 15 d ilion years ago) and has continued through upper
-

*

4 Pleistocene time (not more than LOO,000 years aco) as indicated by

vertical displacements of more than 6 feet and as cuch as 120 feet in
"3

rccks of this age at several localities east and vest of Corral Canyon.l
. All of the known covement, herein meaning srface ground displace-o
i

cent, on the Malibu Coast fault :cne is prehistoric--that is, core than
j 200 years old. If the band of deformed rocks just south of the Malibu

Coast fault trace is considered to be part of t'is fault zone, the most-

ci

recent ground displacement occurred so=ctime between about 200 and LOO,000
.

;

years a~o. McVever, if the 17 seic:Ac chocks of rac;nitude 3 to 4 and
,

4

k the 3 shocks of magnitude 4 to 5 that occurred C_:ng, the general trend
_

-

! cf the Malibu Coast fault zone in the last 30 ye:rs can be attributed6

.

I to rock defor ation, subcurface movements may have occurred since 1930.9
P
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The'likelihosi of differential cround mover. nt, limited in this

discussion to 'the displacement at the cround surface, at the site due

to earthquakes is dependent on the frequency and severity of ' earthquakes
'

along the Malibu Coast and related f aults. All vell-documented _large

f earthquakec have ' centered in the vestern Los Anseles basin, 23 to 525

*
i

j
.

ndles (37 to 6h k=', southeast or corral caayon. These include tvoi
,

shocks of ma nitude 6 or greater and three of cagnitudo .5 to 6 vithin . _ _

! !

; the lost kl years. These shocks caused considerable damage and destrue.*

i

| t;on due t] sh: Ring, but none is known to have caused dispLncement at

'30 ;round surf ace. Theta relatively large shccr.s are associated'vith.

. -

B

active right-lateral strike-slip (San- Andreas-type) subsurface move-:

) ' i ment on the I:c. port -inglewood fault none. This :one intersects or !
- :.

! merges with the Malibu Coast fault zone about 2~ km east of the site.
'

.

.

!
i Tne Malibu C:sst fault in evidently a reverse or thrust fault,

| along v'aith the re:ks south of the fault are being thrust northward,

| | relativa to those of the Santa denica Mountains north of-the fault.
I'

| The Malibu Coast fault is considered to be part of an active system
.

that. includes the Newport-Inglewood zone. Only stall-ca5nitude shocks
9-

f.
have been associated with the Malibu Coast fault: none of these_has

t resulted in knot.n displacement at the ground curface in historic time.
*

4
,- However, in prehis oric time faulting at eiE t '.nown localities along -h t,

.

4 the general trend cf the Malibu Coast fault has if splaced rocks ao
W

< a

! older than Lp0,000 years. It een be inferred fr:: these data that-

s

similar faulting c:y have occurred within the si e but the localities,

t
-

,

3 6
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c nnot 't c _0cated because of generally poor exposures. On the basis4

k

c,f tr.i n . :ord the probability of ground displacement at Corral Canyon
,

in the next 50 years is very lov.
. .

F'e-f t.--The Corral Canyon area is cubject to chort intense rain-.
_

,

* s'.orms "ht:h result in floods. The occurrence and magnitude of these
,

floces is tffecte?. by disastrous brush-fires and by landslides which
4

can occur in the arer..

A ''- " msrnitude-frequency relationship has been develope 1 for-

" ; ': ra'. 'ar:cen area by analyses of records' for 2h streamce6 ;C1

9

- - : the los Acceles area. Corral Canyon itself is ungesed;
.

h e cz '- '.he basis of.the re ional flood fracuency relationship,u4

.j .

;
.n; r.asni. ie of the 50 / car ficod at.the site is estimated to be,

f
' ubic feet per second) vhen avern e vegetal cover coniitions1,500 cf: :

?

I ;rtvail(:--fig. ). 1:nediately after a bruchfire has destroyed
-

t

resetal c ur, peak discharges resulting frou comparable rainfall events
<

j- can be exp ntd to c.e hither by as much as 100 percent.
3 - - - -

'
s

; ; Pater. ;;11, the highest flood could result frea vachout of a;
,

landslide dirming Cerral Canyon during a period of high runoff. During;

i &

) hi;h runoff the acewrilotion of Later upstronc from and landslide couldi
$ develop maj:r flood potential _in a ::atter of hours, leaving little if
r

try time fcr recedial action. Flcons on the order of 10,000 cfc could j
i

! ccour when such a landslide dam is vached out. .The probability ofe

! cccurrence cf such a sequence of events is very icv.:-
I
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9h

I
t
9,

. _ , _ _ _ ,



.

.

. .

A '
. .

. 1 ., .
,

i

Floods in Corral Canyon can be exp;cted to be very rich in,

debris, par-ico.larily after vegetal cover has been destroyed by
; '

fire. Cha ..tl aggradntions as high as 10 feet have been observed

in nearby : :.yons following floods that vere preceded by brushfire.
.
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