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PUBLIC NOTICE BY THE
UNITED STATES NUCLEAR REGULATORY COMMISSION'S

ADVISORY COMMITTEEZ ON REACTOR SAFEGUARDS

Wednesday, November 14, 1979

The contents of this stenocgraphic transcript of the
proceedings of the United States Nuclear Regulatory
Commission's Advisory Committee on Reactor Ssafeguards (ACRS),
as reported herein, is an uncorrected record cf the discussions
recorded at the meeting held cn the above date.

No member of the ACRS Staff and no participant at thi
meeting accepts any responsibility for errors or inaccuracies

of statement or data contained in this transcript.
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on

GENERAL ELECTRIC TEST REACTOR

Woodside Room,
Airport Marina Motel,

Burlingame, California.

Wednesday, November 14, 1979.

The ACRS Subcommittee on the General Electric Test

Reactor met, pursuant to notice, at 8:30 a.m., Prof. 'lilliam

Kerr, Chairman, presiding.
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Prof. William Kerr, Chairman.

DR. DAVID OKRENT, Member.
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PRCCEEDINGS

PROF. KERR: The meeting will come to order.

This is a public meeting of tae Advisory Committee
on Reactor Szfeguards, specifically the Subcommittee on thc

General Electric Test Reactor.

My name is William Kerr. I'm Subcommittee Chairman.
On my right is Cr. Carson Mark and on his right, Dr. David

Okrent, who are also members of the Subcommittee.

Present today as consultants are also Messrs.
Philbrick, Thompson, Maxwell, Pomeroy, Pickel and White.

The purpose of the meeting is to review geologic

and seismologic data having to do with the Gen2ral Electric

Test Reactor site. The meeting is being conducted in accordance

with the provisions of the Federal Advisory Committee Act and

the Government in the Sunshine Act, and all other applicable
laws and regulations.

Mr. Elpidio Igne is the Designated Federal Employee

for the meeting.
Rules for participation of been announced as part

of the notice of the meeting published in the Federal Register

of October 30th of this year.
A transcript of the meeting is being kept. Each

speaker, therefore, should identify himself and if microphones

are reasonably readily available, should try to use the micro-

phone. ]4§2 005
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Incidentally, can you hear me from this mike?
We have received requests for oral presentations
Mrs. Helen Hubbard.

Is Mrs. Hubbard here?

And from Mr. Andrew Ball.

If it is convenient for you I would like to schedule
those just before lunch. I believe each of you has asked for
about ten minutes.

We will proceed witn the meeting. The schedule
calls_for a brief executive session. The purpose of the
executive session will be for me to ask for comments from mem-
bers of the Subcommittee or consultants, or guestion is they
have any.

I, however, should point to the written agenda.

Does everyone who needs one have a copy?

We're scheduled on the agenda to £finish by 7:00 p.m.
I'm told we must vacate this room at 6:30. Hence, anything
that remains after 6:30 will have to be carried on in the hall-
way. I hope therefore we will be finished at least by 6:30.
We'll try to schedule the lunch break at about the time
scheduled on the agenda, which is rougaly 1:15 p.m.

I don't know of any other logistical details with
wh. ¢.. we need to deal.

Let me ask the members of the Subcommittee or con-

sultants if there are any comments or guestions that they might

1462 006
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want to raise at this point.

D. OKRENT: I have an administrative guestion.

I recently received a copy of the report entitled
"probabilty Analysis of Certain Structural Set" dated April

12, 1979. 1Is this the first time I was sent this report?
MR. IGNE: Yes.

DR. OKRENT: Is there some reason why, if it's

dated April, we received it in October?
Can the Staff tell me?

MR. IGNE: The Staff isn't here yet.

right now but I think when Chris Nelson gets here he may be

23

24 |

able to address that.

i DR. OKRENT: Will y»u try to get the answer?

MR. REED: Yes.
PROF. KERR: Are there other gques%ione or comments?
Mr. Darmitzel is the GE spokesman, I believe, and
I shall hence call upon him to begin the GE presentation.
Mr. Darmitzel.

MR. DARMITZEL: Thank you.

My name is Bob Darmitzel. 1I'm manager of the

Radiation Process and Operation at the Vallecitos nuclear site.
General Electric has requested this opportunity

tc present its position regarding the geclogy and seismology

Ace-Federal Reporters, nc.

25

aspects of the General Electric Test Reactor site. Our

1462 N07
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consultants have completed extensive geologic investigations

and supporting studies during the past two years which should

be compared with the Staff's Safety Evaluation Report.

We do not agree with the Staff's current position

regarding the origin of the shears observed at the base of the
hills near the General Electric Test Reactcr, nor do we agree
with their assessment of faulting and the landslide hazard at
the GETR site.

We urge that this matter be sent to the full ACRS
for a recommendation that the NRC Staff reconsider their seismic
input values.

Our rresentation of the evidence to support our
position will be the following:

(Slide.)

I will start off the presentation stating the General
Electric position.

I will be followed by Mr. Dick Harding of Earth
Sciences Associates, who will give a brief description on the
geologic investigation scope.

Mr. Doug Hamilton. also of Earth Sciences Associates,
will givé a description ¢of the regicnal tec.onic setting as it
applies to the General Electric site.

Mr. Doug Yadon will describe the investigations that
were conducted onsite and alsc on some trenches that were cdug

off the General Electric property.

1462 008
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Mr. Roy J. Shlemc~ will describe the soil strati-

graphy and the age dating that was done in the trenches onsite.

Mr. Harding will then give the conclusions that were

derived from those investigations.

Professor Jahns of Stanford University will give 2

geology overview.

Mr. Jack Benjamin of Jack Benjamin Associates will

discuss application of probability methods to a problem such as

surface offset.

Mr. John Reed will describe the probability risk
assessment for surface offset.

Dr. Charles Richter will discuss site seismclogy as
it relates to the Calaveras Fault.

And I will summarize the General Electric position,

and that will conclude our presentation.

(Slide.)

The General Electric position is as follows:

The origin of the low-angle shear-like structures
observed at the GETR site cannot be absolutely determined.

General Electric's consultants and the California Division oz

Mines and Geology believe the most probable origin is large-

scale landsliding. The postulation of a tectonic origin results

from conflicts with the observed physical evidence.

Secondly, evidence shows the postulated Verona Fault

i

does not connect with any faults to the northwest or to the east

1462 009
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limiting the length of the postulated Verona Fault to approxi-

mately eight kilometers.

Thirdly, no surface displacement or offset aar

occurred in the vicinity of the Vallecitos site in the past

eight thousand years. A maximum offset of three feet has

i
occurred at one pcint in the past ten thousand to twenty tnousan?
s
years. :

Fourth, no offset was observed on any plane which, if%
extended, would break the surface beneath the GETR. This shows

that faulting has not occurred in the founcdation area of the
reactor for at least 128,000 and mcre likely 195,000 years.

Fifth, a conservative value for the probability of

any future offset of any size occuring at the foundation of the
GETR is calculated toc be less than 10~ per year.

Measurements indicate that the average rate of

strain relief over at least the last 70,000 to 125,000 years
is extremely low, or the order of two thousandths of an inch

per year. This rate of relief is at lea=t two orders of magni-

tude lower than for a system such as the San Ternandec Fault
and comparison of the structure of the San Fernando system to

the postulated Verona system indicates its use as a model is

not proper.
Seventh, the Staif value of 2.5 meters of surface .

offset cannot be generated by a minor fault such as the postu-

lated Verona. One meter of ocffset on the observes shz:ars is

1462 011)
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eb6 1| an appropriately conservative value.

2 Lastly, 0.56g effective ground acceleration as a

t 3! result of a 7.5 Richter magnitude even on the Calaveras Fault

¢

is an appropriately conservative value.

5 For the sake of expediting the review on the GETR,
6| a .8g horizontal ground acceleration value was used to evaluate

7| the GEéR structures and systems.

8 T will now turn the meeting over to Dick Harding
9!| who will describe the geologic investigations that were con-

10 | ducted.

n PROF. KERR: Before we go into the next section,

12| are there any gquestions from the Subcommittee?

13| (No response.)

141 PROF. KERR: Please proceed.

15 (8lide.)

16 | MR, HARDING: My name is Dick Harding, with Earth
171l Sciences Associates, consultants to General Electric.

8 | We have been studving the geology at the GETR site

19! and in the region around the GETR site for a period of twu

|
|
20| vears now, and these studies and investigations have included
|
| this scope of investigations:

22 Literature Review, including a review of all litera-

23| ture available, published and anpublished, including reports

Ace-Feders! Reporters, Inc.
25 |

24 | of other private consultants, oil well data, water well data,
i
1]
I
|

and geophysical data.

1462 011
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eb7 1 Aerial Photo Interpretation included examination of

2| at least : x sets of black-and-white stereo pairs, one set of

= 3| color stereo pairs, and one high-altitude false color IR set.

(R

Aerial Reconnaissance was conducted by taking over-

5| flights of the area and shooting pictures on several occasions
6|l in different season of the year at different times of day,

7| including times of low sun angle.

8 Detailed Field Mapping was conducted around the

91| GETR site and at selected locations throughout the Livermore

10 | valley, looking at specific outcrops of significant features.
" Subsurface Exploration included over two miles of

12| trench excavations which were logged in detail as well as large-
13|l diameter borings which were entered and logged down hole.

4 Soil Stratigraphy Studies were conducted in order

15| to determine the age of the soils on the site and tell us some-

16 || thing about the Quaternary history at the site.

17 . Age Dating techniques included radiocarbon analysis,

radiomagnetic analysis, samples, Paleontological analysis of

|
|
'9; samples, and Paleoclimate profile correlations.
20; Geophysical Studies included seismic refraction
,
2Yi surveys, high-resolution shallow seismic reflection surveys,
s 22; and shear wave velocity measurements.
23! Engineering Studies included slope stability analy-

" 2 : 3 - Pk wdasd .
24 | ses and liquefaction potential analyses of the GETR foundation
Ace-Feders! Reporters, Inc.

25 | area.

1462 012
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Groundwater Studies included mapping springs and
wells, water levels as well as water quality studies.

Now it would take at least two days to go through

all the details that were developed and all the data that was
developed during this study. We have tried to condense this
information into our presentation today, realizing that it is
a long presentation but nevertheless, there's an awful lot of
data to cover.

(Slide.)

In order to make interpretations of the shear
features that we see at the GETR site in tems of their origin

or what can be determined in relation to the design criteria

for the GETR, we must take into account the known geclogic
relations, the regional geologic and tectonic setting.

We must look at the site geclogy, the geomorphic

evidence, the outcrop evidence, and subsurface exploratiocn.
And we must know something about the Quaternary

history of the site in order to know the soil stratigraphy anc

tell something about the age and amount cf vffsets that we see
cn the shears at the site.

Now we have divided this presentation up, as Beb

Darmitzel previously told you, in this manner. Douglas

Hamilton will discuss the regional geologic and tacto

e

-~
-

setting and Doug Yadon will discuss the site geoclogy and Roy

Shlemon the Quaternary history, and I'll come back and try

1462 013
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to put this all together and tell you what our interpretations
of this data are and what our conclusions are.

7 I know there are going to be numerous questions on
the data. I would suggest, though, we keep in mind that some
of the guestions that you may have may be answera«d by subse-
guent speakers, so in ordér to expedite matters, it may be
better to no’d most of the questions until the end, unless you
have some question on a specific piece of evidence.

With that brief introduction then I would like to
turn it over to Douglas Hamilton who will discussion the
regional geologic and tectonic setting.

DR. OKRENT: Before you proceed, I would like to
request someihing if I may.

In reviewing the file for this, I've observed a

()

considerable difference of opinion amo g various experts so
have to assume there is some degree of interpretation.

It would be helpful I think if all of the succeeding
speakers, if practical, could indicate that they think is fact,
what is interpretation, and where thevre are matters of judgment
anéd this sort of thing.

I realize that's not an easy thing to do but it
would I think assist us if General Electri-~ and its consultants

could do that, and if the Staff in turn could do it when they

| tell us what they think. But I suspect we don't have something

guite as precise as Newton's law.

1462 014
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ebl0 1 MR, HARDING: We'll attempt to do that.

2 MR. HAMILTON: My name is Doug Hamilton, and I'd

3| like to briefly discuss the regional setting of the General

|

- 4| Electric Test Reactor site. }
5 First slide, please. E

é (Slide.)

7 I'd like to lead off with a slide showing the E

8| regional setting in the central part of California where the
9; CETR site is located. On this slide we have shown the major

10 | faulcs that define the major geologic features in the San

11 | Prancisco Bay region. These represent the plate boundary

12}l transform fault system that relate to the San Andreas Fault

‘3§ chiefly, and the San Andreas FAult is shown proceeding diagonally
14i across this slide.
‘5! The other major faults that are recognized in this
]
16| area include the San Gregorio Fault lying west of the San Andreas
17| and 2 system of faults including :he Calaveras, the Haywa:rd
18 | and lesser faults, and including the Greenville and the Riggs
19 | Canycn that lie east of the San Andreas.
20 | The Test Reactor site is located just south of the
21% Livermore Valley immediately east of the Calaveras Fault.

2 In general, the geclogic relationship in this area

23| here is that the North American plate is moving in a generally

24 |
Ace-Fecers! Reporters, Inc.

25

southward direction and the Pacific plate in a northern direc-

tion in a generally right lateral strain system that correspcnds

1462 015
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apparently to a general north-south cc~pression regime.
I'd like now to focus .wore in the area between the
Haywaré Fault, the Calaveras and Greenville FAult and the

Livermore Valley, and this is an area that we think can be

illustrated as a general tectonic form by a model that John

Crowall has proposed, and I think that's on the next slidr.

(Slide.)

This is from the paper published by Crowell in which
e makes a diagrammatic representation of a region of a trans-
form regime such as the one we had in the Centra2l Bay region
here, showing what he calls pull-apart basins and tipped fault
wedges where right-slip faults converge or diverge.

On this he indicates a number of faults that would
be part of a right-slip transform system. He shows areas where
the ground between these faults is relatively higher or lower
because either of their being sgqueezed apart or dropped dc n
because of the movement on the fault.

The "L" indicates the lower areas, cne "H" the higher
areas, and the hatchured lines show the areas of the pull-apart

basins.

And I think, although I don't know just what he had

| as a model for this other than just illustrating the theoretical
ii concept, that one can fairly well pick out the setting of th2

, Central Bay area here if you imagine that the Calaveras Fault

is perhaps this one, and east of that would llie the Livermore

1462 016
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Valley, the Diablo Range. The Berkeley Hills would lie west of

the Calaveras Fault, and then you might imagine the Hayward

‘Fault bein g the most westerly one on this diagram.
Now to go to a map that shows the actual area, we

can see how that compares with this theoretical diagram.

(Slide.)

Here we have shown, on a larger scale than the first |

map, the principal faults again that exist in the area of the
Livermore Valley: tne Hayward, the Calaveras, the Greenville
and the Riggs Canyon system, the entire system in a regime of
right=-slip transform faulting.

And we see hare that »etwee  the Calaveras and the
Greenville-Riggs Canyon system we do have an uplifting region,
the Diablo Range.

We have a down=-dropped, a down-warped region, the
Livermore Valley, near the converging faults.

We again have a substantial uplift in the Mount
Diablo region ané across the fault we have an uplifted area
in the Mission Hills.

Sc this shows that the region around Livermcre
Valley corresponds rather closely with the kind of theoretical
presentation that John Crowell made for tipped fault wedges
and the pull-apart basins.

Next slide, please. ]462 O, /

(Slide.)
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This is simply a listing of the principal sources

that were used in compiling the map that we used to show the

regional and aerial geology around the Test Reactor site. Lou
see the sources go back to around 1948 and up to as recently as

1979. We've tried to keep this map current with the most recent

interpretations and the data, and also take into account all

the body of data that was knowr previously.
|
This represents studies of many different kinds, of f
|

the structural and stratographic geoclogy, work by the Department

of Water Resources in studying groundwater and the study of

seismology, and just the general field of geologic research has
all contributed to the understanding of the geclogy »f the
Livermore Valley.

Next slide, please.

(Slide.)

This map is the compilation that we made from the

sources that we previously showed, and I would like to just go
through and show you basically what's on this map. It repre=-

sents the aerial geclogy in the center of the Livermore Valley

and on it we show three kinds of structural features and six
stratigraphic units.

The stratigraphic units are represented by different

colors. They range from oi.dest to youngest age. The purple
unit, which is the Franciscan and serpentinite body that con-

stitute the local basement rock; the dark green are the

1462 018
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sedimentary rocks of the Great Valley sequence of Cretaceous

age. The blue units are Pre-Pliocene Tertiary rocks, mostly

sedimentary rocks. The brown unit here includes the Tassajara
Orindo formations and mainly continental clastic deposits of
Pliocene age. |

The yellow unit represents the Plio-Pleistocene

Livermore gravels which are the rocks that directly underlie

the Test Reactor site located here in the Vallecitos Valley.
And finally the uncolored areas are the edge of,

by and large, alluvial .inds of deposits that are the youngest

seguence.

The three kinds of structural features that we show

are faults indicated by solid or dashed or dotted lines, also
|
| fold axes indicated by lines with arrows indicating the £fold

away from or toward the axis, and the anticlines or synclines,
and finally the areas where the rocks have a prevailing in-

clination or dip such as in the Vallecitos Hills, and we show

these by strike and dip symbols and they represent the general
attitude of rocks over a fairly wide- spread area.

The main features on this map are first of all the

|
|
|
t faults that boand the wedge .f ground or structural block where
| Vallecitos and the Tivermore Valleys are located. These are,

'

on the left side, the Calaveras Fault Zone, on the right or

northeast side the system of faults including the Greenville-

; Riggs Canyon, and an unnamed fault exte: ding south from the

| 1462 019
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Greenville.

Between these faults the structural block that in-
Eludes the Livermore Valley has a prevailing structural grain
that is subparallel to that of the bounding faults. 1It's
genera.ly northwesterly aligned faults and folds in the rock
ranging from Mesozoic through Pleistocene age.

The major features within this ~ck are, first,

the general down-warped area of the Livermore Valley and
secondly, the faults, most of which have a trend that parallels
that of the boundary faults and include the Livermore .ault
Zone and the.series of lesser faults that lie mainly between

that and the Greenville and Riggs Canyon Fault.

The GETR is identified as being located in the allu-

i vial area of =--

PROF. KERR: I think our system is dead.
MR. HAMILTON: If I can be heard I'll just continue.

The Test Reactor site, as I indicated, is here in

the Vallecitos Valley, and the geclogy in the immediate vicinity

| of that is defined by the structure of the Livermore gravels

which here form a thick northeast to east dipping sequence of
rocks with moderate dip toward the Livermore Valley.

The structure here is derived mainly from surface
mapping but one can also look at the evidence that governs the
fact of this structure £from other means, including geophysical

means, and evidence that can be develcped from subsurface

1462 020
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borings including those for oil exploration and for groundwater.

(Slide.)

This slide will show one of the kinds of geophysical
evidence that seems to corroborate the structural pattern that
one gets in developing the surface geology.

This is an overlay of the Bougere gravity values
superimposed on the geologic structural map. Again you can see
a very strong correspondence between the gravity value or
gravity anomaly pattern and the mapped geology with a very
prominent gradient that follows the Calaveras Fault along the

southwest side >f the valley.

Another prominent gradient follows the boundary fault

to the Greenville-Riggs Canyon system on the east side of the
valley, a very pronounced gravity low corresponding to the
Livermore Valley itself and a jog in the gradient which repre-
sents the rise from the down-warp of Livermcre Valley to the
structural high of basement rock of the Diablo Range south of
the valley. The main jog here corresponds to the Livermore
Fault Zone which runs across the flocr of the valley parallel
to the Calaveras-Riggs Canyon Faults.

Next slide, please.

(Slige.)

This slide shows the location cf wells that were
drilled for oil and gas exploration which were examined in the

course of developing this map and making the study, and these

1462 021
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include a series of wells that were over in tha southeast corner

of the valley around an area of gas exploration some years ago,
and a couple of more wildcat like exploratory wells including
the wells here that are in the vicinity of the reactor site,

to define the structure or help define it betwesn the reactor

site and the central part of the Livermore Valley.

The red line indicated in the middle of the map area

is the line of a cross-section which I'll turn to next that
shows the structure essentially across the regional grain be-
tween the Calaveras Fault and the Livermore Fault Zone.

(Slide.)

This is the cross-section looking northwest. It
runs between the major Calaveras Fault Zone from the southwest
and the central part of the Livermcre Valley frem the northeast,
including the line across the Livermore Fault Zone.

The two wells that I showed, the Foley well and the
Waggoner well, are located respectively in Vallecitos Valley
just a little bit north of the reactor : .te and in the area
of the Livermore Fault Zcone out in the valley.

The Vallecitos Hills are in the mid-part of this
section. The Vallecitos Valley and the low hills that surround
it are in the left side and the reactor site projects to an
area just a little bit west of the Foley well.

The features that can be seen on this are the very

thick section of Livermore gravels down-warpec in an easterly

1462 022
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direction through the axis of the Livermore Valley. These rest

over the rheonus of Tert. ary formation that underlies at some
'd‘pth the ground between the reactor site and the Calaveras

Fault.

This is a natural scale and you see there's a ver)

substantial accumulation of these Pleistocene sediments and

continuing the pattern of down-dropping and down-warping there
is also a substantial alluvial vallzy at the surface over the
Plio-Pleistocene section.

The Calaveras Fault here ;s shown as being west up,
and it is-- Additionally of course it has a predominant move-
ment as a strike-slip fault. This apparently is true also of
the Livermore Fault which, in this area, has an over-all west-
down but is also apparently a right-slip fault.

The ground on the east side of the Livermore Fault
generally is =-- rather, the geology is higher although the topo-
graphy isn't, and that fault also constitutes a very signifi-
cant groundwater barrier,

I would like now to go on to ==

MR. MAXWELL: What's the red?

MR, HAMILTON: That is interpreted as Franciscan
basement rock that was in the bottom of the Waggoner well.

It probably has the form of a sliver of overrock that is con-
tained within the fault 2zone.

I would like now tc look at some of the details of
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the younger basin of alluvial deposits tc .ow how this struc-
tural pattern apparently continues even into the late
Pleistocene and Holocene.

(Slide.)

This is a representation of contours on what is

called the pre-alliuvial surface. It was developed by, in

effect, stripping off the alluvial deposits over the Livermore
gravels and old rocks in the ground between the Calaveras

Fault, which again lies along the southwest side, and the
easterly part of the Livermore Valley at the right side of the
slide area here.

This was developed by the Department o€ Water Re-
sources by interpreting the data from a very large number of
water wells for which logs were available, and these are shown
in the red dots here shcwing that there's a very large amount
of control.

The structural features that we . have added into
this are the Calaveras Fault and the Livermore Fault and the
Parks Fault and the line along the north side of the valley.

Next slide.

(Slide.)

This is simply the same map with the data points
remcved. The Test Reactor site lies near the lower scuthwest
corner cf the map, and this is of interest because it shows

that the basin of the Livermore Valley that can '<¢ seen in the
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pre-alluvial surface corresponds to the major basin that is

defined by the previous unit, the Livermore gravel.

It shows that this basin is very strongly controlled

by boundary faults, and it shows very clearly the Livermore

|
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|
|

|
|
|

Fault coming across the basin, dropping the ground on the south-?

west side relative to that on the northeast side. The con-

tinuity of the Livermore Fault Zone can be seen where it extends

down into the valleys of Mocho and Valle Canyon south of the
valley.

MR. MAXWELL: What's the contour interval?

MR. HAMILTCON: 1I'll have to ask Dick Harding that.

MR. HARDING: 1I'm not sure I recall at this point
what the contour interval is, but the depth of the alluvium in
the valley is on the order of three to four hundred feet.

MR, HAMILTON: So this would represent roughly 300
feet below ground surface in the central part of the valley
at the deepest alluvial £ill.

Next slide, plea.e.

(Slide.)

Another way of looking at the stru ture and also of
the tectonic regime in the region of the Livermore Valley is
by looking at the focal mechanism solutions that have been de-
rivad for earthquakes in that area, and this is some work that
I think was done by John Blume, or at least this was in a

report that he prepared for the Lawrence Livermore Radiation

1462 025
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This show. that there were four earthquakes that |
|

strike-slip mechanisms, one located over near the Tesla Fault
in the eastern part of the Livermore Valley. It has a combined

strike-slip and probably a reverse component of movement so

the focal mechanisms apparently do agree with the kind of con-

cept of a right-slip environment correspending to north-south

compression generally.

Next slide, please.

(Slide.)

I'é just like to summarize the discussion of the
aerial geology around the reactor site, pointing out again that
it does lie within a structural block which is bounded by the
Calaveras Fault on the southwest, by the Greenville-Riggs
Canyon Fault, Soth ¢f them right-slip faults, on the northeast,

The block within which the Livermore Valley is located includes

| higher ground in the south part to the Diablo Range, higher

ground to the north, and intense deformaticrn to the north around
the Diable uplift, a pronounced down-warped valley which has

obviocusly been a feature for a long time because  + has this

very thick accumulation of Plio-Pleistocene sediments as well
as the present down-warp shown in the pre-alluvial surface of
the gravels.

The structural pattern within this block ¢f ground
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is predominantly northwest and southeast folds and fault struc-
tures.

I'd like now tu focus in on o..e particular aspect
of the geclogy here which relates more to some specific struc-
tural interpretations at points away from the reactor site.
This has to do with the Las Positas Fault which is shown on
this map here as a northeast-southwest aligned break that lies
between Arroyo Seco and Arroyc Rancho in the southeast corner
of the Livermore Valley.

This is a fault that was first mapped by Harold

Herd of the USGS and much has recently been exposed in a series

of trenches right in the area around Arroyo Seco south of the

Lawrence Livermore reactor or Radiation Lab which is in the
southeast corner of the Livermore Valley.

This is a fault, in the suvrface expression at least
as seen in bulldozer cuts, that seems to be a very high=-angle,
probably scutheast-side-up fault that we've determined as
being probably a reverse obligue type movement.

The significance of that fault can be seen I think
in the next slide.

(Slide.)

Here you see we have superimpocsed the interpretation
of che fault pattern that is presented by Dr. Herb of the USGS.
That is superimposed in the red lines overlying the basic

geclogy that we have compiled from other sources.

1462 027



eb43 1

¢
'S

10

11

12

13

15

16

17

18

19

20

21

22 |

23 |

24 |

Ace-Feders! Reporters, Inc.

235

27

You can see that the Las Positas FAult, a~ it is
recognized through trenching, is located there. The fault as
it was originally mapped prior to the trenches having been

excavated is shown in red, and that position is pretty closely

corresponding to the mapped location here near Arroyo Seco.

The interpretation though follows that the Las Positas

Fault is actually a quite major structure that defines the
whole southeasterly end of the Livermore Valley, and it con-
tinues on and corresponds app -oximately to the contact between
Livermore gravels and Tertiary formations and continues on
nearly to the area between Vallecitos Valley and La Costa
Valley.

The other major structures that are shown on this
interpretation include the pattern of shearing that exists near
the Vallecitons Valley, identified here alsc as a fault struc-
ture, and some refinement cf the mapping of the Greenville and
Riggs Canyon Faults.

Now I focus on this aspect because it's away from
the area of detailed site studiss that we made near the GETR
but it is an important part of the theory that a fault located
here at the Va'lecitos Hills is part of an essentially pre-
viously unrecognized structure that extends across the south-
east side of the Livermore Valley and repres.unts a very much
more substantial tectonic system than one coculd associate

simply with a fault located just in the Vallecitos Hills area.

1462 (28
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Now as I said, the Las Positas Fault is ;ertainly
a very real feature at the point where it is rec.gnized here

but we feel that the evidence that would allow extending that

as a continuous fault from the area where it is known to exist
all the way across the valley bears some further examination.

We would like first to point out that this fault

would lie at right angles to the Livermore Fault Zone which
is a major feature and is recognized through a number of dif-

ferent kinds of evidence, including the gravity gradient that

I showed on a.. earlier slide, the contouring of the pre-alluvial

surface, the existence of pronounced groundwater anomalies in
the Livermore Valley, and most recently, a study by the Depart-
ment of Water Resources in assessing the seismic environment
from Del Valle Dam, located in Valle Canyon here, which in-
cluded doing some trenching that verified the existence of the
Livermore Fault coming down into the Valle Canyon along the

northeast side.

So with that in mind I would like now to just review

some of the evidence from the Las Positas Fault and go to the
next slide.

MR, MAXWELL: Where is the Tesla Fault?

MR. HAMILTON: The Tesla Fault is mapped as coming
out of the Diablo Range and trending down in the direction

of the Livermore Valley. 1It's supposed to be identified from

interpretation of some of the oil well holes in this area, and
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a search for that fault was one of the cbjectives of the

Livermcre program of excavating the trenches which did expose

the Las Positas Fault in this area here.

So far as I'm aware, they haven't found any specific

evidence of the existence of this as a fault that reaches the

surface.

MR. MAXWELL: Where was that fault plane solution

that appeared to be on the Tesla Fault?

MR. HAMILTON:

I believe right in this area here,

very, very close to here anyway.

That fault plane solution can either be associated

spatially with the Tesla or, for that matter, with the Las Positas.

It's within that general region.

MR. THOMPSON:

tion at this point?

May I raise a gquestion of interpreta-

I'm Thompson, ACRS consultant.

You have mentioned the Livermore Fault Zone in

connection with the gravity anomaly as bounding the deep basin

and yet it looks to me on the gravity map as though the

Livermore Fault Zone is almost on the axis of the negative

anomaly.

MR. HAMILTON:

Could we run back to the previous

slide here? 1I1'd like to have Dick Willingham come up and

' address that issue.

Dick?

1462 03¢
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As I understand it now, the question has to do with

the character of the anomaly that ve feel is influenced by the

location of the Livermore Fault Zone.

MR. THOMPSON: Yes. I don't see any evidence of the

existence of the Livermore Fault Zone in the gravity model.

of the interruption of this anomaly in the area south of the
Livermore Valley would correspond to arrayed basement rock,
a situation that would correspond approximately to the higher

ground along the Livermore Fault.

I don't think we see any evidence in the central
part of the valley for the fault zone.

MR, THOMPSON: I think that answers my question.
i (Slide.)

MR. HAMILTON: Okay, let's back up one slide. What
I propose to do now is to follow the slip map that is published
by Herd of the USGS that takes us along the line of the Las
Positas Fault and for reasons of scale we have shown this in
three segments which correspond to the easterly, the central,
and the westerly mapped parts of the Las Positas Fault, and
simply comment on some of the evidence as we see it and we in-

terpret it that bears on the existence or lack of it in the Las

Positas Fzult.

The first of these strip maps covers the easterly

part between essentially Arroyc Mocho and the easterly end of

1462 031
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the valley.

(Slide.)

On this map are shown the Las Positas Fault indi-

cated red, or the different elements of that Las Positas system.
{

The stratigraphic units shown on here include the Livermore !
gravels and older terrace deposits of the series of ages in %
the generally reddish and bluish colors, and the younger allu- f
vial and terrace deposits of Arroyo Mocho and Arroyo Valle

that a:'e shown in different shades of yellow.

The Lawrence Livermore Facility is the series of
bi1ildings that are shown just downstream from the Arroyo Seco
area. An area that was trenched is over toward the east end of
the Las Positas zone where a stream bank exposure that some of
you have seen recently was cleaned off and some other trenches
were excavated in the upper terrace deposits.

These certainly showed a positive expression of
faulting along several different strands which seemed to show
successively younger ages of faulting along the strands as you
went northward.

I would like first to show a couple of slides for
those who were not out in the field yesterday to show what
those exposures loock like.

(Slide.)

This is a view southwesterly looking down the strike

of the Las Positas Fault on the east. This was a cleaned-off
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exposure along the west side of Arroyo Seco Creek. .Thc fault

plane shows very clearly, and I can point it out here, running

up the course of this slide.

It apparently has a rather large offset of overlying

either gravely soil or terrace deposits but where it reaches
|
I
~1ose to the ground surface seen in the upper part of the slide,

the rock on either side that is cut by this fault is part of
the Livermore gravels. It is a north-dipping sequence.

The bedding is shown by the streaks of differing
color on the slide.

The stratigraphic sequence on one side does not
match that of the other so the movement is in excess of that
tha is represented by the height c¢f the cut here.

The fault zone has slickensides on the surface that
plunge about 25 degrees out of the slide toward the floor and
that shows that the 1- -+ movement of the slide here =-- on the
fault was an obligue kind of sense of movement.

The actual offset, according to our observaticns,
was rather less than that that is suggested by the apparent
offset of dark material against the Livermore gravels at the

top of the slide. The material at the bottom of this apparently

is some kind of an infill against the fault and the actual

| offset I think was on the order of perhaps six cr eight inches,

as I was able to observe it at least.

That is, the surface of the Livermore gravels here

1462 033



eb29

(B

33

1}l project behind this infill but there is a distinct offset. The

2| soil prnfile at the top, so far as we can tell, was not offset.

3 Next slide, please.
4 (Slide.)
5 This is the other strand that's located a few ten's

6| of feet farther north from the one I just showed. The fault

~

here is less distinct but it has more contrasting materials

across it. A general zone of fault plane can be seen with
9| Livermore gravels on the left and a rubbly kind of terrace

10| material on the right, a rather interesting shear pattern, the

M|l fault dipping steeply co the south end of the hill.
12 Here the fault comes nearly to the surface. The

13| surface is disturbed so it is not really clear whether it off-

14| sets the soil profile but it is clear that it does offset the
terrace deposits against the Livermore gravel.

The apparent sense of movement in ocur judgment is
17| probably south of the steep reverse in this particular plane
‘3; here.

‘9§ MR, PHILBRICK: Did you consider that stuff along
205 the right of the fault as terrace gravel?

MR, HAMILTON: We thought that was the most likely

l
22{ way of describing it, although I'm not really competent to say
23% that it's not alsc Livermore gravel.

|

24 MR. PHILBRICK: Does it have a lot of =--

25J PROF. KERR: Can you get to a mike maybe?

4 1462 (34




eb30

1"

10

11

12

13

17
18 |
19
20

21

34

MR, PHILBRICK: Does it have a lou of we}l-roundcd
material in it?

' MR, HIMILTON: Can I ask Dick Harding to comment on
that? He spent myre time looking at it than I did.

MR. i .DING: I would say that there is some well-
rounded material in that, yes. There are also a few angular.
blocks.

VOICE: Do you find the ancular blocks
constant or common to the gravels?

MR. HARDING: In the Livermore gravels?

VOICE: Yes.

MR, HARDING: Most cf the ones we see in there are
more rounded than angular.

MR. PHILBRICK: What I'm looking at is tiis thing.
I+ seems t» me ve have two different ages of materials in
faulting. We have a difference in degree of disrupticn and
deformation in these two structures that you have just shown
pictures of.

Yesterday afternoon that white area that lies below
and to the left of the hammerhead was pretty well broken up
as if it had failed on a series of floacture patterns that lie
in what is then the left side or muybe the hang wall of that
fault. It's a different type of structure than you had in the
£irst picture,

I'm looking for this situation and what we have here
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is a much older, much more deformed fracture than what you have

cn the left.

Now is there any degree of agreement in that inter-
pretation of these two pictures?

MR. HARDING: I don't think I can really argue with
that, no.

MR, PHILBRICK: All right.

Now what we get from that, if I can make the next
deduction, and this is an assumption, Dave, that along-- This
is the Las Positas FAult?

MR. HARDING: Yes.

MR. PHILBRICK: Along this fault there has been
motion on separate failure planes and fresh, unbroken material
has broken in the lef.-hand fault. The stress pattern has
caused a strain to move from a prior zone of weakness to a new
failure plane.

Now is that in agreement with what you see,Doug?

MR, HAMILTON: VYes, I think that is illustrated both
in the cut tha:. these two photographs were taken £from and also
by the trench you may have seen that is farther up the hill.

MR, PHILBRICK: I didn't see that.

MR. HAMILTON: In that trench another kreak was
found that cut only Livermcre gravels but was clearly overlain
by unbroken terrace deposits, so we have a series of diff rent

ages of bre ks in different places in the zone. All the strands
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to be parallel. . i
PHILBRICK: What I'm trying to point out is you

HAMILTON: That certainly happened at several

é
|
|
i
|
|
|
i
PHILBRICK: Do you know whether there was a land-

i
that point? ‘

HARDING: There is a slump scarp up near the

PHILBRICK: That's right.
HARDING: Yes.

PHILBRICK: Okay. And had you considered that

as affecting the depth of the gravel adjacent to the fault?

MR.

feature before

upper horizons

HARDING: Well, when we first observed this

it was cleaned off, all we could see was the

and we had assumed that because of that scarp

we saw that the feature was related to the slumping rather than

to tectonics.

It wasn't until this was cleaned off anc we

actually saw the fault down below that we recognized that there

were tectonic mcvements below that landslide feature.

MR.

PEILBRICK: But what you have <here, » I say

i:. yesterday -=- and I wish you would tell me whether I am right

Or not == was a continuity of gravels across the top of both

of those faults. Is that correct? -- the top gravel itself
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2| faults was undisturbed.

3 MR. HARDING: I didn't see any direct disturbance

-~

£ thr~2, but I 'wouldn't go too far to argue that they were not

isturbed, given that you had the slump feature at the top.

6 MR. PHILBRICK: The slump feature lies a little ;
71 bit extreme from the plane in this section. What I'm trying |
8| to bring out, in my opinion at the present time, the top gravels
9 || are undistuybed by either of those faults.

10 MR. HARDING: 1I'll accept that.

" MR. PHILBRICK: Thank you.

12 MR, HAMILTON: My own observation of this was fairly
13}l brief. It was my view that at least the gravelly soil at the

“; top was disturbed -- was not disturbed and tha® there was

15 || certainly no topographic expression at all of either of the two

16 || breaks that we've seen here, nor of the one that was capped

17|l by unbroken gravels lying a little bit farther south of here.

lai Next slide, please.
19 (Slide.)
20 We have now gone tc the central segment of the las

21| Positas Fault. The area we were just locking at is over at

22 || the extreme right end of the map here with the Lawrence Livermcre

23! Radiation Lab to the right of that. Ané we now come to the

241 segment that goes as a solid line to Arroyo Mocho. It's mapped

Ace-Fegersi Reporters, Inc.
1

25| as an approximately located fault to the west of that with

i‘
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an en echelon continuation, again as an approximately located

segment continuing across the Arroyo Valle.
4 The well-defined part of the fault is in the area
at the extreme right of the map. We think it is significant
that as you go west, the evidence that we are aware of seems to
not really provide much support for a westerly continuation of
the fault that we recognize in the east.

In particular, this fault which we saw did offset
some kinds of terrace gravels at the far east as well as a

little more gravel now'iércompletely not expressed in a series
of terra:;s that lie at the boundary of the Arroyo Mocho or the
terraces which are quite well developed that lie on the Arroyo
Valle, and further, that the course of these streams are not
significantly deviated in a sense that would suggest lateral
movement.

So we see evidence for neither vertical nor lateral
movement of fault where this fault is supposed to cross the

streams, nor are we aware that there is any kind of an outcrop

that would support the existence of the fault through these two

areas here.
MR. PHILBRICK: Your thought is then that the fault
doesn't exist there?

MR. HAMILTON: We con't see any basis for extending

| the fault as far as Arroyo Mocho.

Now when you get to Arroyo Valle you are now in ¢
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area where we in general and the Department of Water Resources

in particular extended the Livermore Fault extending from well

south of this map area across this tiend at essentially right
angles to where the Las Positas Fault is supposed to be, and
out into the valley while the Livermore Fault is defined by
mapping and trenching down around the dam site and ther forms
the distinct break in the pre-alluvial surface and the very
distinct groundwater barrier farther out in the Livermore
Valley.

Next slide, please. =--

(Slide.)

Excuse me, let's return to the previous one.
(Slide.)

The last part of this that I would like to address

relates to the evidence for the Las Positas Fault along its
southwesterly end where it's mapped as being the boundary be-

tween the Livermore gravels on the north and the Tertiary

Cierbo formaticn on the south. This is an area where Clarence
Hall did his Ph. D. thesis mapping.

He provi 24 guite a detailed map and he mapped the
boundary or the contact here as being one of a depositional
overlap of north-dipping Livermore gravels over Cierhbo forma-
tion followirg a sinuous course that would be appropriate for
a northerly dipping contact.

The next photograpt was taken in this area looking
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west along that contact.

(Slide.)

We're now looking southwesterly along the mapped
trace that is described as the Los Positas Fault and as mapped
as a depositional contact by Hall. The two units that can be
seen “ere are the Livermore gravels to the north. You can see
the bedding of the Livermore gravels in this particular gravel
outcrop, and the structure is generally dipping off to the
right side of the slide.

These overlie the Cierbo formation which gives rise
to a more darker, weathering soil. You can trace the Livermore
gravels back over the Cierbo by the color of the scil, and you
can find outcrops of the Cierbo back in this canyon in the
middle distance as showing that the contact is indewd a sinuous
one.

And you have Livermore gravels that can be found in
a patch up the dip slope in this area in the intermediate
distance corresponding to the dip of the contact.

Now contrasting with this, the Las Positas Fault
is mapped as a high angle fault and . Jps Livermore against
Cierbo in this same area.

Next slide, please.

(Slide.)
MR. PHILBRICK: Do you have any drilling there?

M’ , BAMILTON: We é&o not.
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This is a geological section that corresponds to

that same slide view. It shows an irregular ercosional uncon-

*formity contact between the Livermore gravels which also comes
up and is preserved on the top of the hill overlying the Cierbo

formation. And as I pointed out, you trace the sinuosity of

this contact by Livermore outcrops up on the Cierbo area and

Cierbo outcrops and re-entrace into the Livermore area.

This is essentially a prime consideration in our ,
view that the Las Positas Fault does not exist in the area that
lies along the southwesterly part of its proposed irace.

MR. PHILBRICK: That yellow-blue concact right of the
arrow is an interpretation?

MR. HAMILTON: After you get past, say, down here
in the subsurface part of‘Fhat contact it's an interpretation.

~-uld we go back to the preceding slide?

(Slide.)

The fact that Cierbo formaticon underlies this slope
here and can be identified in this valley bottom in a re-
entrant, going back into the area of Livermore outcrop we feel
is an observation, and the continuity of the Livermore gravels
back into a re-entrant within the area of the Cierbo formation
and also existing ¢n the updip proje :tion of that contact would
go also as an observation.

MR. PHILBRICK: If it was a fault following the

outcrop patterns you have shown now, what would be the tip of
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the fault?

MR, HAMILTON: It would have to be essentially a
'bedding plane thrust on the sole of the Livermore gravels which
would dip perhaps 20 degrees.

MR, PHILBRICK: How is it mapped? At the present
time on a map what does it show?

MR, HAMILTON: The Las Positas Fault?

MR. PHILBRICK: Right.

MR. HAMILTON: Let's go to the preceding slide.

(Slide.)

It is in this area here and it is shown =s generally
a rather high-ancle fault which of course is what we also ob-
served for the Las Positas Fault at the point where it was
trenched.

MR. PHILBRICK: Then your observations do not agree
with the map.

MR. HAMILTON: That's our view.

MR. PHILBRICK: Thank you.

(Slide.)

MR. HAMILTON: 1I'd just like to summari.e this
discussion of the regional geology. I again point out the

general structure form that we perceive for the region of the

! Livermore Valley, the Vallecitos Hills, and the Test Reactor

site.

We certainly recognize the clear existence of the
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eb39 1l Las Positas FAult, probably as a steep reverse fault which would!

|
2|l also correspond to the general north-south comprezsive regime ?
|
1

31"and would represent an expectable kind of tectonic failure,

L e e el S e BN L e Pt == = p i . - I
- 41 1 think, in that orientation of .a stress-strain system in the
. 5| place was recognizea. '
B We feel that that fault cannot be shown to exist

|
!
71l across Arroyo Mocho and particularly across the Arroyo Valle.
8| we have not shown it on this map and we feel that the contact

5| between Livermore gravels and the Cierbo ‘ormation essentially

10, precludes its existence in points farther southwest.
& Next =l’de.
12 (Slide.)
13 I would just like to conclude with these views of
g the over-all interpretation. They are:
'5! First, that faults, f»lds, and rock units are pre-
‘6% dominantly northwest trending structures in the general region
|
’7i of the structural block between the Calaveras and t"e Greenville-
‘8; Riggs Canyon Faults, including Livermore Valley and the
[
ol Vallecitos area.
20

The regional stress pattern is one of right trans-

21 | form shear along the San Andreas system which corresponds to

22 | north-south compression.
i
21 | a g . 2 g %
‘3¢ Geclogic, geophysic and well data all indicate the
|
24 rivermore Valley has been a subsiding basin since at least
Ace~ wderal Reporters, inc.
25

h Pliocene time when the various thick sections of Livermore
I
I ’:
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eb40 1|l gravels began to accumulate and including the recent geologic

2|| past when the alluvial basin that is documented by the pre-

S 'alluvial surface map defined by the numerous water wells was

-~ 4| formed.
5 The Las Positas Fault we feel is a relatively minor
. 6| cross-structure which is confined to the southeast corner of

7l the Livermore Valley. It has an orientation and a sense of
8 || movement that is consistent with the same kind of compressive
9| stress regime that should have given rise to the predominantly

10 || northwest trending strike-slip structures and folds.

1 We find there to be no evidence to extent the Las
12]| positas Fault to the southwest across the Livermore Fault. In

131 particular the evidence indicates that the Cierbo-Livermore

J 14 | gravels contact is an onlap unconformity that was originally
15| mapped by Hall in 1958,

2.300 16 That concludes my presentation.

17 . MR. MAXWELL: Has anybody calculated the thickness
18| of sediments from the gravity?
19 MR, HAMILTON: I guess I would turn that guestion
20|l to Pick Willingham.
21 The gquestion was: Has anyone calculated the thick-

22 | ness of sediments from the gravity map?

23 MR. WILLINGHAM: We made a preliminary calculation,
|
|
24 || and I don't have those numbers with me, but it was something
Ace-recers! Reporters, Inc.
25

on the order =-- in excess of 10,000 feet I believe to the
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basement.

MR. MAXWELL: You don't remember your assumed

density for the sediments?

MR, WILLINGHAM: No, I'm sorry, I don't.

MR, HAMILTON: That section would include the

several huidred feet of alluvium in the center of the valley,

then the several thousand feet of Livermore gravels and then
essentially an undocumented thickness o. Tertiary sedimentary
rock down to the denser grade valley and particularly Franciscan
rocks.

MR. MAXWELL: Let me turn the guestion around.
That's’'a blocking anomaly.

What is the minimum thickness of the stuff lighter
than the Franciscan that you would have to have in there,
assuming any reasonible density for the gravels?

MR. WILLINGHAM: Coulé you repeat that, please?

MR, MAXWELL: Assuming a reasonable density for the
gravels and associated sediments, what's the minimum thickness
you would need to account for that anomaly?

MR, WILLINGHAM: I'm afraid I couldn't answer off
the top of my head. First, the exact extent of the ancmaly
depends on the slope of the region there. It is not great
but the residual anomaly would be less than 50 milligals.

I can try to work up something in the next few minutes

if you would like.
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PROF. KERR: Why don't you do that?

MR, HAMILTON: 1It's clear I think anyway that there'si

a whole lot of lighter sedimentary rock that is concentrated

in that Livermore Valley region, and that mu.t represent a

” rather long-standing kind of pattern of accumulation in that

area there.

DR. MARK: You may havc.said and I missed it. The
Livermore Fault system which is trending toward the northwest
I guess ==~

MR, HAMILTON: Yes, sir.

DR. MARK: == what was the sense of displacement of
the east and west sides?

MR. HAMILTON: Could we go back t» the regional
map, to the preceding slide?

(Slide.)

The sense of displacement as it is indicated out in
the valley would be northeast side up relative to the central
part.

The sense of displacement, on the other hand, around
the Arroyoc Valle area, just based on stratigraphy, would be
the opposite of that with the northeast side down because of
the younger Livermore gravel unitsagainst older Tertiary and
Great Valley units.

So there is something of an ancmaly between the

surface mapping and the Arroyo Valle area, and the evidence from
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eb43 1| the well data out in the valley, also the evidence that I men-

2|l tioned to Dr. Thompson, that the gravity seems to be higher

3 | ‘suggesting shallower bedrock in the northeast side of the

+

fault and yet in this area.

5 We feel that this probably is partly a function of

6| there being substantial strike-slip movement as well as simply
7! a vertical movement along the Livermore Fault.

8 DR. MARK: This could perhaps understandably ter-

9 | minate the westward extension of the Las Positas sort of dis-
10 | turbance?

1 MR. HAMILTON: Excuse me. Was that a guestion?

12 DR, MARK: I'm asking if my feeling about that is

13 sim;lar to yours.

14 MR, HAMILTON: Well, that's our view thaﬁ the
Livermore is a major structure that is traceable well down into
i6|| the area from south to north of where the Las Positas is mapped
17|| as crossing it, and there is no interruption of the mapping

18 | between the area around Arroyc Valle and the area where it is

19 | defined by all the many water wells out in the valley.

{
20% We see no way that the Las Positas could get across
21{ that.
22% PROF. KERR: Any other guestions or comments?
|
23 | MR. JACKSON: Bob Jackson with the Staff.
24L I would like to oiZfer a couple of comments at this

Ace- ecers! Reporters. Inc.
25 | point in time if I could.
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The discussion of the Las Positas pro's and con's
could go on for two days without any problem at all. I just
wanted to offer that from the Staff point of view, we have

never really concentrated on the necessity of having a lLas

Positas Fault existing in our interpretation of our findings

at the site.

I think you'll note that in looking at the Safety
Evaluation Report that was prepared. I just wanted you to keep |

that in mind while you're looking at this information. !

The second item is that the handout provided by GE
for this proceeding here has about == I've loocked at it briefly

-=- has =-=- about 50 percent of it is new information which has

| not previously been provided or compiled or submitted for Staff

review, so we are seeing some of this for the first time in this
form. Some of it may have been provided in different formms,
or in widely dispersed areas.

In fact, some of the information provided is what
we've been asking for for about two years.

A third thing which I can't let go by i; that == and
it's very important =-- that Earth Sciences Associates' map,

latest map of the site area includes numerous east-west trending

folds within the Livermore sediments, and those fold axes trend

| east-west, indicating north-south compression in the Livermore

sequences younger than these other features.

So it is definitely untrue that there is nothing

1462 049



_eb45

i

Ace-Fegers! Reporters,

10

1"

12

"
—

L
LS ]

r
w

3 N
o~

» 2

49

other than northwest trending structures in this area.

Thank you.

MR, HAMILTON: 1If I can make a final comment, I think

that perhaps Dr. Jackson has misinterpreted my view that there

are no northeast-southwest trending structures. Clearly the

Las Positas Fault is an example of that.

We find that the major structures that define the

|
l
i

|
|

regional structural grain are predominantly northwest-southeast

trending and the discussion that I was presenting was one of
the general regional pattern rather than one of smaller-scale

features.

We certainly agree that the northeast-southwest
trending structuvres would be perfectly compatible with the same
kind of north-south compression that presumably gives rise to
the northwest-southeast trending shear regime. So I don't
think that we have any disagreement on that point.

MR, HARDING: I would like to make a comment also
on the subject of new information.

The slides that we're showing you today are in a

different form to try to make things more clear to the Committeeﬁ

However, to my knowledge there is very little new information

in them; it has all been presented in the submittals that we
have made over the last two years, either in a text discussion
or in maps or in reference to material which is available in

the literature.
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PROF. KERR: But you won't feel bad if it also makes

things clearer to the Staff, will you?

MR. HARDING: Not at all.

We'd like to continue now our discussion of the
site geology with Doug Yadon.

MR.YADON: If I could I would like to try to get
away without the microphone so that if anyone has any trouble
hearing me at all =--

PROF. KERR: Don't try.

MR. YADON: Okay.

My name is Doug Yadon. 1I'm with Earth Sciences
Associates.

May I have the first slide?

(Slide.)

I'm going to be discussing the site geology inves-
tigations that we've conducted over the last two years at the

GETR site, and I'm goii  to structure my presentation in

chronoclogic sequence of the course of those investigations, and

as I do that I'll be trying to point out some of the more im=-
portant elements of what we found and what we interpret to be

the geologic setting of the site area.

I'd like to start out with this slide and tell you

that you'll be seeing this basic slide as a b:se for a number

of the slides in my presentation, and I'm hoping that by doing

that we'll keep everyone oriented as to where we are, and in
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Basically, the GETR is represented by the symbol
here. The heavy band is the Vallecitos Nuclear Center site
boundary. Some names which I'll be using to describe geographii
locations, I'll go ahead and go through those just briefly now i
so that when you hear them you'll have an idca where we're i
speaking about. %

The area here is Vallecitos Valley, high ground to |

the northeast of the GETR Vallecitcs hills. The valley that's
represented in this area is known as Happy Valley. We'll be
discussing that in some detail.

And we informally refer to the area to t..e southeast
of Highway 84 as the pass area, or Highway 84 pass area. That
involves some re-entrant ground that interrupts the main ridge
of the Vallecitos hills and hills extending on to the southeast.

Okay. Can I have the next slide, please?
(Slide.)

To begin with, the investigations we'd conducted

at GETR had been a phased program, and I'll start with Phase I.
The ifnitial objective when we began our work at

Vallecitos was specifically to investigate the mapped Verona

Fault as mapped by several workers in the past and assoclated
photolineaments in that general zone.

And the initial scope of work consisted of the three

listed features: £irst,review of existing published and
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agb2 ' unpublishau literature; initial phoio intcrprttatiog for E
2 orientation to the sit2 and trying to assimilate the 1iteraturoi
: ‘review and a program of limited trenching, both to investigate i
‘é ‘i certain of the mapped traces and to give us a handle on whetheri
’ or not the materials at the site would be amenable to further ;
\
6 investigation, particularly in the area of age dating in the r
4 offsevs that we might £ind. i
8 PROFESSOR KERR: 1Is a photolineament a line that
’ one observes on a photograph?
" MR, YADON: Yes, it is.
i PROFESSOR KERR: Thank you.
12 | MR. YADON: May I have the next slide, pleasc?
’ (Slide.)
" Okay. To begin with, I would just like to go
'3 through a brief little history of the previocus mapping of the
" Verona Fault through this general area. And I summarize some
" of the traces here and we'll go through those consecutively.
1. The first interpretation of any kind of structural
]9i trend through this general area was bark in the 1920's, I believe,
20 or 30's by Vickery and some of the earlier workers. The scale
2 of mepping which is available from their work is nct appropriate
22! to actually showing the trace.
23i Their interpreta“ion seemecd, from reviewing their
. A i 3: work, to indicate that they recognized bedrock structures in

25 .
1 the Diablo Range to the southeast, and on grossly topographic
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agbs 1| bases, suggested an extension of that bedrock structure to i
2|l the northwest through the general Vallecitos area.

3’ The first real detailed work out in this area, as

t

I far as we're aware, was that done by Hall and published in

5| 1958 but conducted prior to that as part of his Ph.D., disserta- |

ﬂ

|
6|| tion. Hall's traces on this map, or his trace, is shown as a

7! light blue line right down through here.

i
8 And 4all interpreted the presence of a normai fault

91 in the locations shown based primarily »:. geomorphic expression

10| with the northeast side up, with the hills relative to the

M|l valley southwest side down. And he noted what he felt was an

12" alignment of springs and a concentration of various types of
landsliding generally along the trace that he mapped.

14 Essentially at the same time that Hall was completing
151 his work in tha. area, Byerly and Everden were contracted by

16 | General Electric Company to provide some geologic input for

17| the initial construction of the Vallecitos site.

18 And basically Byerly and Everdern reaclied a similar

19 | conclusion t> Hall that on geomershic bases they interpreted

20 || the existence of a Verona Fault at a slightly different location
21 | than Hall, but essentially the same evidence was cited.

22 In addition, Byerly anéd Everden poirnted out what

23|| they felt was a =-- what they regarded as a photolineament of

24 | unspecified crigin along the hillfrcnt land oreak between the
Ace--ecers! Reporters, Inc.

25 | vallecitos hills and valley, and that is shown == you probably
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can't see it in tne back, but there is a dashed green line in
this area, and their map only extended to the boundaries of tne
%uclca: center.

It's important, I think, to point out that Byerly
and Everden specifically indicate that they found no £ield
geologic evidence tc interpret this photolineament ac a fault.

In a later study, John R. Blume and associates

conducted some review geclogic studies for General Electric

Company in 1973. And the conclusions of their review were,

again, some aerial photo interpretation, imagery interpretation

similar to those presented by Byerly and Everden. Blume chose

to accept Hall's trace, the blue line here, as the Verona

| Fault, and they also identified the photolineament which is

shown in the dashed yellow line extending farther than what
Byerly and Everden had mapped but essentially along the same
trace, and they again indicated that they found no geologic
field evidence to interpret that as a fault.

The next mapping in that area was Dr. Herd of the
USGS, 1977. And his interpreatation of the Verona Fault is

shown as the orange line. The evidence presented by Dr. Herd

for interpreting the existence of the Verona Fault was similar
in type to that presented by the earlier workers, essentially
geomerphic, hills up, valley down. He noted what he felt were
alignment of springs along his fault trace and cites what le

interprets as some geomorphic evidence in terms of truncated
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agbs ‘! spurs and similar features along the trace that he mapped.

2 The initial interpretatinn == this was described as

31°a high angle normal fau.t, again north side up =-- northeast

R
F S

side up, southeast side down.

5A That gets us up to about where we began our investi-
6! gations, and I'll go on to the next slide.

7 MR, MAXWELL: May I make a comment, please? This

8!l illustrates what I would propose to be a new law, that Iaults

9| and earthquake epicenters always migrate toward the nuclear

0 sites. |
(Laughter.)

12| MR. YADON: I think it was effectively demonscrated

13| in the previous slide.

"| (Laughter.)
15 (Slide.)
16

If you'll recall from the earlier slide where I

17| described our initial scope and our Phase I investigaticns, it

18! included some limited trenching in addition to the literature
19| review which I just summarized for you and some imagery inter=-
20 | pretation from available air photos.

21 The first two trenches that were cited were designated

22|l g-1 and G-2 shown on the slide. And two things, we tried to

23 || accomplish two things with those initial trenches: £irst off,

L)
s

of course, we wanted to look at the fault trace mapped nea.est
Ace-. soers! Regcorvers, |

na s

to the GETR site. We selectsd locations along that trace based
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on the map trace and our initial imagery interpretation where .

we felt we could kind of confine geomorphically the location of

any faulting along that trend.

For example, down here -- although it certainly
doesn't show at this scale -~ there is a saddle, a topographic
saddle feature along the trace of the fault. And we decided f
to trench all the way across that assuming that if its crigin
was due to faulting, we should find something there.

And similar considerations at T-2, we also attempted
as well as we could, given map scale problems, to trench in
the area of the intersection of Hall's trace and Herd's 1977
trace.

As I said before, we were also looking for at least
a general handle on the stratigraphy we had on-site to deter-
mine whether or not certain other technigues would be feasible
if we had to do nore investigation.

When these trenches were excavated, we fourd no
evidence of any kind of normal faulting in any of the exposure
we developed. However, after the trenches had dried sufficiently
and the walls were adequately cleaned, there did appear low
angle shears both in Trench T-2 and T-l with a thrust sense
of offset with a dip northeast underneath the hills, so that
the apparent offset of some cof the units which are encountered
in these trenches suggested hills coming up and oSverriding

the valley in this area.
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agb7 : At that point, just on the basis of the trench
2| exposure and our review of previous work, we not: fied General
e ' .Electric Company that we could not preclude from that informatiop
” . that th;re may be thrust faulting on the site. General Electrié
4 Company immediately notified NRC to that effect, and we i
. continued our investigations from that point. i
’ Okay. %
|
" Once we encountered these low angle shears, which
, were not expected on the basis of the literature review, we
" began to go back anéd consider some possible alternative hypo-
. theses that might account for the presence of those features.
" And as a part of that review, we went back and re=-examined our
I
‘3§ imagery and particularly with the thought in mind that we have
]‘r low angle shearing with a reverse sense of offset in those
‘SE trenches.
léh ;
“ If I could have the next slide, we'll show what
‘7' came out of that effort.
IBi (Elide.)
19 |
i This is a high altitude false color infrared image
20% which was photographed for a transparency. This is Highway 84,
2‘? HiJhWAy 680, Vallecitos Valley down here and Vallecitos Hills.
22% The test reactor site is right about there.
23% And upon re-examining this imagery in particular,
A’”"‘““‘""Eii because of the scale advantace backing way off from the site

and remembering that approximately in this location up here --

|
'! 1462 058
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at somewhere down about in here we had low angle shearing

dipping back into the hills, one thing that became apparent

!

was that we have a gross geomorphic feature which was suggestive

to us of the possibility of very larve scale old landsliaing
throughout this slope.

And that was based on what I hope you can all see
from this slide. 1It's a topographic scarp, an ampitheater-
like shape up in this area. You can't see in the third
dimension here, but there are permanent ridges extending from

that scarp area and a relatively flat bench there and then

kind of a bulging .nd toe form at the base of the
hill slope.
That sugges=ted to us at least that large scale
landsliding was a possible origin we would have to consider
for the features we saw in the trenches, as well as considering
the tectonic thrust fault origin. Those were the two hypotheses
we felt were viable on the basis of what we knew at that time.
Okay. If I could have the next slide, please.
(Slide.)

So at that point, I might also point out, that

. Salem Rice of the California Division of Mines and Geology

| was invited by the Nuclear Regulatory Commission to provide

some input as a local expert on landsliding in the coast ranges

| of California.

And based on the initial trench exposures and hi

.
|
1]
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review of the imagery, he came to a similar conclusion that
there certainly appears to be evidence for large scale land-
sliding in the hills which may account for the shearing we saw
in the trenches, the first twc trenches.

To follow this up, we expanded our Phase I investi-
gations and they were two-praonged: both to look at a possible
landslide origin anc thrust origin. For the landslide origin,
we did some additional subsurface investigation in Trench T-3.
An anomalous swell which was up in the hills, it appeared,
may represent a local pullaway or head scarp area for a block
within the landslide complex and might be related to toe

shearing at T-1l.

We had relatively little good natural exposure in
the area of Trench T-2,and because of the complexity of some
of the structure we saw there, we developed some additional
exposure in a canyon nearby so we could see a little bit more
of the nature of the structure and a little bit more of the
gravels near that trench.

We also excavated a series of three large diameter
bucket auger borings in the vicinity of Trench T-l. And the
idea of these was to determine whether cor not we could get a
handle on the downdip character of the shear and shear features
that were expcsed in Trench T-l1, the idea being that if we
could follow that shear downdip far enough in a thrust fault

crigin, one would expect that at some point the shearing would
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agbl0 1] tend to steepen. As it got deeper in a landslide hypothesis,

2| the opposite would presumably be true. And this was an attempt

3| to test those hypotheses with subsurface exploration.

"

Can I have the next slide? ;
5 (Slide.)

) This shows a cross-section through that Trench T-1
7| and the borings that were developed. As I mentioned, these

8| are very large diameter holes, they were logged in situ by

9|l geclogists in considerable detail to depths of near 100 feet,
10| and that was about the practical limit of exploration that is
1l possible with this technigue.

12 The heavy black shear shown in the trench area here

13| was the main shear feature exposed in that trench. There were

141l a series of lesser shears, the hanging wall of that feature,

—
W

and it was initially this particular shear that we are going
16 || to attempt to find, going to the upslope projection or downdip
17| projection of the feature.

18 What we encountered were several lines of evidence

19|l which we interpreted as indicating that this main shear and

20} another fairly prominent subsidiary shear in this part of the
l
21! trench, at least within the limited downdip exposure, tended to
i
22 || flatten back underneath the hills, the Vallecitos hills continued
|
|

23|l to rise up to the right there. And that was based on several

24 |

| lines of evidence.
Acs-recers/ Reporters, Inc
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5} Basically, that both the section above the shear in
|

i
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Bore Hole 1 between these shears here and above shegrs in

Bore Hole 3 between the shears were similar lithologically.

The pocitions in which the shears were interpreted in all four

locations were oxidized soft reddish clay units on the order

of several inches thick with shear fabric well developed where

the exposure was wet enough to see it.

In this particular bore hole, where the wall
conditions were a little bit drier, it's more difficult to see
well developed shear fabric, pbut the character otherwise was

very similar. And these were not common features in the section

anywhere else in the bore hole, they are very distinctive mainly
because of how clean they were and how £fat the clays were.

Most of them were gravels =-- contained quite a bit more sand

and gravel than those units did.
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The third point that suggested that correlation i
to us was the fact that the section above these sﬁears, in boté
bore holes one and three, was distinctive from that below and ;
that the materials above were generally reduced and greenish E
in color and there is concentrations of carbonate kind of
indicating above those shears that over geologic time it was
common for groundwater to pond there. The sections underneath
were more typical reddish:colors of the Livermore gravels.
Next slide, please.
(Slide.)
MR, PHILBRICK: Did you have any photographs of
those things?
MR. YADON: We have a few, but it was kind of
tough down there with water coming in and not real effective
conditions for photographing.
MR, PHILBRICK: Did you have a change in fabric
at the horizontal planes that are shown?
MR. YADON: There was certainly shear fabric
developed in those shear zones of several inches,
MR, PHILBRICK: What do you mean by shear fabric?
MR. YADON: Okay, many anastomosing near-horizontal
shear planes with slickensidiug and stretched nodules of
calege which were stretched in an algon-like fashion in a
sense consistent with the planar faﬁric of shearing seen in

those zones.
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agb2 : MR. PHILBRICK: What was the strike of the |
2; striations? g
3l MR. YADON: Variable. |
- . MR. PHILBRICK: Variable in what direction? i
| .
5; MR. YADON: In a gross sense, 1'd say from ;
6] something on the order of north-south to northwest-southeast, é
7f MR. PHILBRICK: You hold those things to repre-
8% sent soles of slides?
9% MR. YADON: That was our initial interpretation,
IOE on looking at these, we felt that was a reasonable hypothesis,
lli MR. P"ILBRICK: And what was the motion of the
]22 slide itself, if they represent the sole of the slide?
]35 MR, YADON: Well what we would have been lookinc
41 at was the toe overriding, in that particular position near-
15@ horizontally from northeast to southwest, and then as the
bl shears dip =-- come into the southeast, the shears begin to
i climb anéd we would be locking at the overthrust toe of that
]83 feature.
15 |
| MR. PHILBRICK: Why would you have a strike that
- would change away from the direction of gravity?
219 MR. YADON: 1I'm not clear on the guestion.
et MR. PHILBRICK: ' Since the strike of the slide map
o is roucnly northwest, what's the direction 0f ==
A,,“'u.“”n"ti:f MR. YADON: I'm sorry, when I indicated the strike
25

as being from northwest to northeast, that was the strike of the
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plane representing -- the section of the plane -- .

MR. PHEILBRICK: I'm not asking about that, I'm
asking about the striations on the plane.

MR. YADON: Okay. Those were highly variable
and,in general, as a result of the exposures down there,

I just couldn't confidently say which direction those were
trending, the exposure was not sufficient. We were looking
at a small hole in the casing and were unable to confidently
dete-mine a gross direction for the striation itself.

MR, PHILBRICK: Did you have layering in the
sheared zone?

MR. YADON: Yes.

MR. PHILBRICK: Did the striations parallel each
other in the different layers?

MR. YADON: Where striations were present, they
were in the plane of the shearing that was observed.

MR. PHILBRICK: I don't care about the plane,

I want to know the direction, the pitch, the plunge.

MR, YADON: Maybe what I could do is have someone
take our phase II report--cur phase I report and those
slickensided striation directions are indicated on the logs
and that would help my memory.

MR. PHILBRICK: ~Could you dc that so that it
could be established that the slickensides were in a position

and a given direction?
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agb4 ! MR. YADON: Yes, I'll go through and supply that
2, information for you before we break today.
{ " ’

3| MR. PHILBRICK: Could we have that later, Bill? i

\. ‘
£

PROFESSOR KERR: We certainly can present it later{

5 You said in an earlier response to a gquestion that |
6 your initial interpretation was that these were due to slides.@

7! I didn't understand what the significance of that -- of your

| initial interpretation, has your interpretation changed?

9: MR. YADON: Let's go back to the other slide,

‘04 back one slide, please.

“1 (Slide.)

‘2§ Essentially the interpretation.that this data

'3h was supporting of the landslide hypothesis, which is the fact

"4 that these shears seemed--in the exposure we had, tend to

’Sf flatten, which is consistent with the fact that at some point

16 they have to begin to climb upslope. And that's about as far

L as this data would take you in that interpretation. We see

18 | nothing in that -- we have seen nothing in the additional

" exploration which suggests that that's an unreasonable inter-

0 pretation of the data.

& PROFESSOR KERR: Thank you.

2 (Slide.)

23 MR. YADON: Okay. So recognizinz tha‘'. there is
Aa*n.vﬂ"”n'ti:l at least a viable hypothesis that we have large-sca.e lanésliding

25

in the hills northeast of the GETR has decided that in order 0
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continue to address the alternative hypothesis that there may
be tectonic faul*ing either associated with that or that
features may be :aulting, we decided'that we would have to beggn
to lock outside of the area of possible influence of the slide?
mass which is shown bounded in red here from our photo-
interpretive efforts in phase I.

And the first place we began to look was to the
southeast, essentially along the projection of the strike of
the features that had been mapped as photolineaments by

earlier workers and the general strike of the shear features

we encountered, and along Dr. Herd's trace of the Verona

 Fault.

(Slide.)

This will focus in on the area. This is a colored
version of the Herd's 1977 report.

Basically what we felt was that since this area
in here may be involved in landsliding, that to look for
evidence of faulting away from that, influence of that, we would
go to the southeast, to an area where we had =- in Herd's
interpretation -- an alluvial unit, qoa-4, which
appeared to cover the extension of the Verona Fault to the
southeast. And our hope was that we might be able to find some
stable materials or stratigraphy in that area to help establish

controls on any possible faulting in the area.

May I have the next 3lide?
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- ‘% . :
agbé ; (Slide.) f
2? This slide is a photograph looking from southwest
3; " to the northeast of some prominent drainages that are developed
; 4% within this general area across the strike of that feature.
5; What we ‘ound, when we began our detailed mapping
s
6 in that area, was a very well exposed marker horizon which
7 kind of guided our mapping in the area subsequently. This
8{! was kind cf a reflight exposure.
9? The cemented conglomerate seen in close-up here
‘O:! which can be traced in the outcrop for very long distances,
" % up this drainage and the subparallel one to the southeast
12? and this narker horizon was in the units mapped as QO0%-4
(\ ot by Herd and it was in unicts mapped earlier by Hall as
5 e Livermcre gravels.
]52 Next slide, please.
el (Slide.)
i Our interpretation from field mapping was that
" it's fairly clearly estaulished th=+< th's particular unit,
’9; which can be traced in near-continucus outcrop for long dis-
« tances up and down these valleys, was clearly ov:arlain-
2'% stratigraphically by the Livermore gravels zection in the
a | Vallecitor hills to the northwest, and we also encountered
n a generally finer grain section of sedimentary rock which
24

. S I was stratigraphically underlying this conglomerate unit,

25 | . ‘ ,
and the dip of this co.jlomerate unit was shallow to the
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agb7 ! northwest in this general area.
2 It was our interpretation after continuing mapping |

+

|
|
{
|
3: cut .there that rather than being a younger alluvial unit,
|
{ that this whole sequence was all part of the Livermorc gravels |
|
|

5i section. And we informally named these units for mapping pur-

6: puses == the classic Livermore gravels exposed in the hills

7? were known as the upper unit, stratigraphically underlying

al conglomerate was known as the middle conglomerate urit and

s we referred to the underlying section stratigraphically =--

‘oll the middle unit as the lower unit of the Livermore gravels.

" E Next slide, please.

12| (Slide.)

13| This .s a map that was generated during Phase I

e and represents the extensiog of mapping efforts that began

15 ; in this general area here.

16 This is looking at this particular drainage, And

W what we found is we were able to map a fairly well exposed

18 outcrop, this middle conglomerate unit in light brown from

T here to the southwest.

205 We follow the surface ocutcrops in this area

2‘; through interpretation of a pipeline log in this area and

22 | surface exposure to the west of the GETR.

23 In the next picture, I will show a photograph
Aaw”'mN“”n"lZ: of an exposure of this conglomerate unit on the west side of

25

the Vallecitos Valley and attempt to show you the similarity
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of that distinctive rock unit in that area.

Next slide, please.

(Slide.) %

This is another reflight exposure: the cemented i
conglomerate with topography and class similar to what we've
seen in the southeast. The GETR is to the east in the '
oackground.

If I could go back one slide, please.

(Slide.)

We felt we had fairly effectively mapped this unit |
going all the way around essentially surrcunding the
Vallecitos Valley and the exposure was clear enougih and well
developed enough throughout this area, particularly in this
area and in seve.al arroyos that were eroded into the hills
over here, to indicate to us that there was no obvious faulting
offset of :that marker horizon on a projection to the southeast
of faults previously mapped along the hillfront.

And we felt we were looking at an unbroken seguence
of the very shallowly-dipping middle conglomerate unit in here
up to about 1500 feet of the hillfront up this arroyo and this
cne over here.

Another thing that we locked at -- if I can go
two slides, please.

(Slide.)

After having mapped this middle unit of the
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|
|

Livermore gravels, we went back and examined in some detail !
the electric log and the sample information that was available?
for the Foley Number One wildcat oil well log which is located
in this position. E

And by projecting downdip, directly downdip from sur-
face outcrop of the middle conglomerate unit exposed here
through the Foley well. we encountered in the Foley well what
we interpreted as the presence of the middle conglomerate anit
on that downdip projection en a basis of our interpratation of the
resistivity character and spontaneous potential character in the
Foley well.And I don't have a picture of that log in this
part of the presentation but Dick Harding will be bringing
that point up agair and show vou that log, and we can discuss
our interpretation of the presence of middle conglomerate
in that well at that time. I just want to show you what the
section looks like looking toward the northwest on the next
slide.

(Slide.)

These are the surface outcrops, fairly shallowly-
dipping middle conglomerate; the middle conglomerate is
actually a fairly thin unit in between the darker and the
lighter browns here. Downdip projection intercepts Fcley well
at about this area and right where we interpreted its presence

on the basis of the E-line.

Next slide, please,.
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(Slide.)
As part of Phase I, we continued mapping the

general area shown here and were able to eventually follow

the middle conglomerate outcrop in our interpretation unfaulted

to a point to the northeast about here, where the section

thinned and apparently pinched out.

And continuing mapping in that area, an examination

of aerial photos revealed the presence of a sequence of

alternating, generally ccarse- to fine-grained units in the

upper unit of the Livermore gravels in patterns approximately

as shown in this stippled pattern on the slide.

These were not meant particularly at this scale
to represent individual beds of gravel versus individual
beds of finer-grained material, but rather the fact that we
have a bedded seguence. And the map projection of those
generally fine- and coarse-grained sequences kind of £follows
that trend shown here, And I will discuss what might be' the
significance of that a little bit later on,

In adéition, we did detailed ma_ping to the
northwest where again we felt we were outside the influence

of possit.l. landsliding along the hillfront in this area,

And there was a difference of interpretation of several points

of evidence as to whether or not there was evidence for

faulting along the hillfront in this area. 1I'm going to show

you an aerial photograph -- well, it is an obligue photograrh
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from light aircraft looking to the northwest at this general

area and discuss those issues next.

MR. PHILBRICK: What is the yellow stuff there?

MR. YADON: This is the interpreted landslide
debris limits, gross limits of the landslide complex that -
was inferred con the basis of the photointerpretation and the
presence of shearing at the base,

MR, PHILBRICK: Do you wsnt to discuss that now?

MR. YADON: I prefer to hold off on that a little
bit.

MR. PHILBRICK: Okay.

MR, YADON: Can I have the next slide, please?

(Slide.)

We're loocking toward the northwest. This is the
general limit of the hillfront, the Vallecitcs hills are on that
side, the valley here is Happy Valley, which I pointed out
before.

The main basis for mapping faulting through this
area was cited as the linear hillfront alcong here and the
presence of springs and seeps along that trace and, in addi-
tion, there was an outcrop at Sycamcre Canyon up in this area,
where an attitude on the Livermore gravels was mapped by us
as being vertical and that was cited as being compatible
with faulting along the hillfront.

Our interpretation during Phase I, having done
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|
the mapping out h«cre and the imagery interprctatiop, was f
+hat all of these things could be explained by geologic factoré
other than faulting, in other words, there wzs nothing in thosé
lines of evidence that we felt really pointed that strongly
toward a fault interpretation: First of all those were that
in details that, at least in our view, the hillfront is really
not a particularly linear feature; broad re-entrance where |
the drainages come out and certainly we felt that simple
erosional processes could develop a hillfront and hill valley
juncture which we are locking at here.

Secondly, in the matter of springs, we know that
the Livermore gravels section of these hills is dipping
shallowly to moderately to the northeast down beneath these
hills.

And we interpret the springs or wet spots == I
think maybe you can kind of see them in this photograph, the
little bit darker area here coming up in this area, it's
kind of a seepage in here and a wet spot here =-- all of these
spring areas, to our view, pretty clearly follow up into the
canyons and back out along the hillfront and they were not
aligned specifically at the hillfront but climbed into the
valleys. And it was OuUr interpretation that these were due
to impoundment of groundwater on finer-graine-” clay'beds cr
sections in the Livermore gravels with water percolating dewn

to those impermeable horizons and then approaching ground
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surface because they were unable to continue percolating
downward under gravity.

And this was a relationship that was seen fairly
commonly up in the hills, and apparently led some of the
earlier workers to interpret springs up in the hills as also
evidence of faulting, but we felt that that was -- that that
could be stratigraphic control without any problem.

So far as the issue of the vertical bed in
Sycamore Canyon, that was only one of guite a number of
attitudes in that area. The attitudes there were generally
a little bit steeper than some that we had seen further to the
southeast, and I will address that a little bit later on in
my talk here.

Next slide, please.

(Slide.)

Basically the field mapping, the initial trenching
and excavaticns that I discussed concluded the Phase I
investigations and on the basis of that work, a series of
conclusions were reached.

Just briefly, these were that we felt that the
Livermore gravels could be mapped as three distinct units,
and you've seen those on the map that I've been talking arocund.
At this pecint, the low-angle hillfront shears were thought to
delineate the tce of an ancient landslide complex; the

stratigraphic relatiorns of the middle conglomerate in surface
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outcrop and where we interpr~t it in the Foley well, in our
interpretation, precluded post-Livermore gravel faulting through
that Foley well.

An unbroken middle conglomerate unit was mapped
across the southeastern extension of strike of many of the
map fault traces from the Vallecitos hills, evidence that was
in.tially cited for the existence of faulting northwest of
the interpreted landslide complex we felt could be explained
by other geclogic conditions.

Finally, if we can go to the next slide,...

(Slide.)

In the Highway 84 pass area -- Highway 84 comes
down generally through here -- we felt that the presence of
unfaulted middle unit conglomerates throughout this area up
to this point and the at least gross structural continuity
of Livermore, upper unit Livermore gravels represented by the
alternating sequence shown here would put some limits on any
possible faulting that might occur through this pass area
either related tc an extension of perhaps the Williams trend
which is shown in this area or the postulated northeast faulting
along the Las Positas. And I'll be discussing that area in
more detail later on here.

Next slicde, please.

(Slide.)

After Phase I, a Phase I report was submitted to
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a~bls 15 NRC and was reviewed, and on the bas.s of that review the |
2: NRC Staff and their consultants identified four areas which 2
e 3i ; they felt required additicnal investigation. And those were
o ‘i to further investigate the northwest end of the mapped Vercna i
5’ Fault outside the area of possible influence of landsliding; ;
°t to also further investigate the apparent thinning and apparent‘
71 stratigraphic discordance in the Highway 84 pass area in the |
al area where the middle conglomerate pinches out and the gravel
9% horizons are present.
‘0? So wet spots and photolineaments were interpreted
1" | southwest of the GETR out in Vallecitos Valley, and NRC
‘21 requestéd that those be explored, and finally they requested
‘3i that more detailed information be developed to try and
L characterize and place some more confident limits on the
15 interpreted landslide complex.
16 Now what I'm going to do here is --
" PROFESSOR KERR: Excuse me, Mr, Yadon, is this
18 a logical place for us to take about a lQ0-minute break?
" MR, YADON: Yes, this would be a good place for
2 that.
2‘% PROFESSOR KERR: I declare a l0O-minute break.
22 | (Recess.,)
2 PROFESSOR KERR: Will you please be seated so we
Aainmuﬂqnnwtzi‘ can continue?
25

Mr. Yadon, you may continue, please,

’
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(Slide.)

MR. YADON: A brief recap. At the end of Phase I,;
we had review and regquest for additional investigationsand I'lq
be addressing each of these points in this sequence for the ;
remainder of my presentation.

Next slide, please.

(Slide.)

This again is our index map, j«st to get you
oriented. All the features shown in green superimposed on the
base are the Phase II exploration features that were performed
in order to address the four points listed previously. And
we'll be going through thcse in order of the E series first,
northwest, A series second, to the northeast, the B series
in the area of photolineamernts southwest of GETR and finally
the F, G and D series in the landslide complex area.

(Slide.)

The first area we're going to look at is one
highlighted in red. And not the next slide, but the one
subsequent to that will be a map that is bounded by that area,
and it will be north up. The next slide is a low altitude
air photograph of the general area, just to give you a feel
for what we're looking at.

(Slide.)

Here is the obligue aerial view, Happy Valley is

in the foreground. Just for later orientation, this road here
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is Alical Street, that is the remains of Trench E on the ridge

, in the center of the slide.

Next slide, please.

(Slide.)

This map is a geologic map of the same area lookiné
north.

After a Phase I investigation, we had done
detailed geologic mapping of all the available outcrop exposuré
in the general area outside the landslide complex but along
the postulated northwest extension of the fault, and that's
shown by the colored units, Again, the upper unit and the
middle unit of Livermore gravels, the attitudes are shown and
also are the ncorth side.

In addition to having done that mapping during
Phase II, we went in and did some surface exploration in this
area to further refine our understanding of the geology here.

DR. MARK: Excuse mé, when did Phase I end and
Phase II begin?

MR, YADON: Timewise?

PROFESSOR KERR: About 10 minutes ago, Carson.

(Laughter.)

MR, YADON: Do you mean chronologically? Would
you like a date?

DR. MARX: A date, ves.

MR. YADON: Does anybodv recall? February, 1978,
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I tnink, was when the Phase I report was formally ;ubmﬁtted.

Okay. So, just to recap, the postulation of
faulting in this area was mainly on the basis of a grossly
linear hillfront -apresented by this contact of Livermores :
and alluvium,

PROFESSOR KERR: I'm scorry, what were the
d;scriptive adjectives before "hillfront?"

MR, YADON: Grossly iinear,

PROFESSOR KERR: What's the difference between
grossly linear and linear?

MR, YADON: Well in my view, althougan this isn't
topographic, I think the geologic contact reflects the topo-
graphy fairly well in this view and, if you were to change
scales on this map and get way back from it, you might describe
that general contact between the tan and the white as a linear
feature. The more closely you loock at it in detail, though,
it begins to lock less linear.

So I'm kind of compromising and agreeing that
there is some indication of linearity along that hillfront.

PROFESSOR KERR: Thank you.

MR. YADON: So we had a marped fault trace based
primarily on that geomorphic evidence. We also, during our
Phase I and early-Phase II mapping, identified several
phetolineaments sh-wn in the red here which we wanted to

investigate in this area. They represent features in the general

1462 080



agbl9 !

10 |

é
m |
12|

13 |

14 |

15

16

17 4

18 |

1 |

20

21

22

23 |

2% ||

Ace-Federsl Reporters, Inc

28 ||

80

|
!
zone mapped for the northward extension of tre Verona. !

The soli” j:een line here is what we call our

Trench E, and that's about a thousand-foot long trench that %
was excavated across the mapped trace of t. ~ Verona Fault whic@

i
passes through this area and all three of the photolineaments
which we defined in that general area.

And the conclusion from the detailed logging in
that trench was that there was no evidence of any shearing of
the low angle thrust character that was seen to the southeast
along the base of the hillfront anywhere in the trench,
ther> was no direct correspondence of shearing with any of the
photolineaments of the mapped trace.

There were two minor shear features which were
near-vertical, as I recall, with somewhat of a west-dipping
attitude that, in the Livermore gravels, showed indeterminate
cffset, and those two shears were in th- more northeasterly
and in the trench, and they are both capped by an unfaulted
Paleocsol horizon,which will be discussed in the next presenta-
tion, and were interpreted to be on the order of 70- to 125,000
years old.

So we felt it is fairly clear that along the
hillfront in the area of the mapped photolineaments and
across the mapped trace of the fault that there was no evidence
for such faulting at Trench E.

These two lines are shallow seismic refraction
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lines which were put in before the trench in order to gauge
trenching conditions, groundwater conditions, and interpreting;
those, there was alsc no suggestion of faulting in our inter-
pretation of those.

In addition to the trenching and the outcrop
evidence, we ran a reflection line, essentially this green
dashed outline, along Alisal Street. And the interpretation
of the geologic structure across Happy Valley that I'll show
yvou on the next slide in cross-section view looking west,
was based primarily on the seismic reflection line, and that
interpretation was refined-and corroborated by the outcrop
evidenced by exposures in Trench E and by some available water
well logs of particularly P-10 and F-3 water well, If I
could have the next slide, we'll look at that section.

(Slide.)

Again we're looking west with ncrth to your right
and south on this side. Basically what we encountered in
Reflection Line 1, which is from here over toc here, were a
series of acoustic units of variable definition along the
trend of the -- along the length of the line.

And on the basis of the character of those
acoustic units, we interpreted lithologic equivalents for
those, and those are shown here.

The upper area here is interpreted as upper unit

Livermore gravels, it also shows an outcrop at this end of the
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line and in Trench E in the hills to the north. i
%

This middle unit, which showed fairly well defined |

i

acoustic boundaries on its top and bottom, was interpreted as |
|

the middle conglomerate unit. That is, again, a projection of |
surface outcrops which is shown here and it's also corroborated
by indications in the well logs for P-10 and F-3 as encounteriég
a cemented gravel unit, which we interpreted as middle |
conglomerate here and here.

And beneath that unit, on the basis of the character
of the seismic reflection profile, we interpret that we have
the presence of a section of lower unit, generally finer-grain,
Livermore gravels., And beneath that, from outcrop evidence
and interpretation, again, of the reflection record, that we
have browny sandstone.

In this particular area, from about Station 150
to about 105 right through here, the continuity and definition
of this particular acoustic unit was obscured, data dropped
out some -- if I can go back one slide -- that was attributed
to the presence of a veneer of unconsclidated alluvial fan
material from -- debouched from Sycamcre Canyen coming out
generally ia this area.

And we can have the geophysicist discuss the
significance of that fe:-ure in terms of producing the data
drcpout, but it's our interpretation that the data dropout

there was due o the presence of that thin locse unconsclidated
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material in that portion of the line. Regardless of the area, |

a photolineament passes through that part of the reflectic

|
|
i
|

profile. The extension northwest of that trend, again, ciosses

Trench E, no indication of faulting. We see no basis to
interpret the data dropout as being related to faulting,

Next slide, please,

(Slide.)

The character of the acoustic uni% over in this
area was very similar and there was at least some suggestion
of continuity through here, so we interpreted the middle
conglomerate to extend completely across the section.

We saw no evidence in the interpreted section for
faulting, other than a fairly minor intra-formational fault,
primarily tertiary, possibly disturbing the base of the
lower unit of Livermore gravels and certainly no grores offset
or significant offset we can see in the middle conglomerate
across this section.’

Next slide, please.

(Slide.)

So it was our interpretation that on the basis
of all the exploration we did here, that there was nc
evidence for northwest extension of faulting of the mapped
Verona trend.

The next point that was brought up in the review

concerned relationships in the pass area. And a few slides

1462 084
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agb23 down the line here again we will have a mapped view encompasseq

|

by this red line. Just to forewarn you and try to keep thic

in line, when we get there, the view will be to the northwest, |

b

|

| |

| This will be the top boundary, so you will have to tilt yourself
, ‘

5[ whan you're looking at that one.
6; Next slide, please.
4 (Slide.)
5: This is a reminder of the exploration that was
9‘ conducted in this area. It was an attempt to develop additional
10 | exposure, additional information, particularly in the area
" i between where these gravel seguences, alternating sequences
12i seemed tc die out and, additionally, between the area where
‘3  we pick up the middle conglomerat2 unit, the unbroken section
™ i through here looking at that area, Just to give you a couple
15.? of aerial views of the suhsurface trenching exploration we
‘b? did in that general area to give you a feel for the ground
7 up there,
ol Next slide.
o (Slide.)
20 This is one view of it, The gravel horizons are
21 off to the right here. This end of the trench intercepted
a that sequence and followed along,
4 Next slide.
24 (Slide.)

Ace-recersl Reporters, Inc. ‘
25

It continued along the ridge crest until it
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| |
aab24 ! encountered the northeasternmost outcrop of middle'conglomerati
2|l used right there. |
. 3 Next slide, please.
P ‘ (Slide.)
5i This is the map view that was bound in the red :
6: box you saw previously and again northwest up rather than
7! north. |
3' Okay, basically this is just an orthophoto map
3 that covers that area and the brown unit designated here is the
10 outcrop pattern of the middle conglomerate. There's fairly
H ; large scale landsliding in that area. I'm not sure you can
‘2§ see too well on this slide, but we kind of highlighted where
13| best exposed the more gravelly sections along the ridge crest
. in this area.
15 These correspond in detail to the general pattern
6 of alternating sequences that you have seen in the other map.
v The green here is Trench A, that's the one you just saw an
18 aerial view, the first shot we had was this part and the
” second cne there.
20 The initial excavation of Trench A showed what we
21 interpreted as fairly typical upper unit Livermore gravels
2 in a seqguence of both alternating fine- and coarse-grained
2 units. And except in one place in the trench, we saw no
‘avaﬂa"nn.inv indications of any faulting. The cne exception was right
28

about here at this bend,
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In the initi;i trench, what we encountered there
was a kind of an anomalously deep accumulation of alluvial
soil. And the initial trench excavation, we were not able to
get to the bottom of that to try and interpret why it was ther%,
so additional exploration was done. And if I could have the
next slide, I'll show you the trench right in that area,
the subsidiary trench that was put in.

(Slide.)

This was designated Trench A-2, and it was about
a third or fourth attempt to get to the bottom of the soil
accumulation and try and understand what was happening there.

The soil accumulation is shown in the dark-brownish
units here, a belt-shaped depression. And in the base of this
trench, particularly down in this part of the exposure, we
exposed Livermore gravels continuously all along the trench,
whick is what we were attempting to do.

Next slide, please.

(Slide.)

This is just an indication of the detail to which
the trench expcsure was logged. The wall you were just looking
at was the northwest wall of the trench,.it“s that one. This
is the opposite wall, and that's the southeast end of the
trench over there.

Next slide, please.

(Slide.) 14‘62 087



~7b26

(N

10 |
1"

12|

13

15ﬂ
16
17
18

19

24
Ace-Fecers Reporters Inc.

28

87;
This is a simplified version of the previous one, |
they show you some g-ncral relationships which were interpreted
in that trench.

First of all, there is a major structural element
encountered when we finally got intc bedrock beneath this
dark brown soil material which_ is represented particularly j
by this heavy black main shear zone and this red area which
further defines the very complex shearing in this part of the
trench. And I'll be talking about that more in just a minute.

To the northeast, we had kind of an alternating
sequence of both finef-grain, coarser, brown, Livermore gravels.

On this side of the fault, we had essentially a
gravelly sequence of Livermore gravels which were distinctive
in the fact that they didn't have the interbedded finer
units such as this section, and they were generally reduced
greenish colors, as opposed to the more reddish oxidized
colors that were here. Similar relationships in the other
trench.

In the next two slides that I'm going to show you
are going to be views of the actual trench wall looking right
at this general zone, this feature, and the next one, the
southeast wall at the same feature.

(Slide.)

Basically what we have here is that very heavy

black line, the main shear zone -- I'll describe a little bit
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later here =-- is this sharp contact. It comes rigpt up through
here. You can't see it too well on this, but it was cleaned
and traced across the trench here and it was followed, wrapping

up through here and extending some distance into the colluvial

]
|

soils and then died out. We were unable to trace it any
further.

To the southwest of that main bo.ding shear zone,
there was a clayey section of Livermore gravels, it was very
highly deformed, very, very complex manner. And the southwest
boundarg of that was another shear contact with that greenish-
gravel to the southwest of this main zone of shearing.

The definition of this main shear zone which is
exposed over here is on the basis of the continuity of the
thin, maybe one- or two-inch wide series of essentially
parallel shearing planes, very well developed shear fabric
and the continuity with which that single +hin zone of
deformation could be followed.

There was also well developed mullion stiucture
or kind of large-scale slickensides or route hike shear fabric
with the axes, the long axes of the rods essentially horizontal
and soﬁetimes with a slight northwest dip to those.

In addition, sl.ckensides alsoc followed that same
pattern striking along the fault which, on this particular
plane, was about a north 65 to 75 degree west strike., Slicken-

sides and mullion structure were in the plane of that shearing
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and dipping or plunging a liztle bit to the northwest.

And the shear fabric in this fine-grained unit i
which was caught up in the fault zone was a complex of variabled.
There were shears at every attitude, slickensides at every |
attitude.

Next slide, please.

(slide.)

This is just looking at the opposite wall again.
There's a well-defined main shear zone in this particular part
of the trench. There's a preference for the walls to cave
rigiit aivig that zone. Again, very highly disturbed fine-
grain unit essentially near vertical on an overall average
of about 70 to 75 degree northeast dip on this main zone of
shearing.

Next slide.

(Slide.)

This is an indicetion that -- I'm sorry, go back
one slide for a moment, please.

(Slide,)

I have indicated in our view clearly the main
structural element here shows at least less major displacement
in a predominantly lateral sense based on the well devzloped
mullion shear structure, slickenside and grooves along this
main zone of shearing. And yet we also have a multiplicity

of other shear attitudes and shear fabrics, some cf them in
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thrust sense in this direction, others in thrust sense this
way. And just to indicate that that's not an uncommon occur-
rence along a scructural element that is primarily lateral,
I'll show you the next slide.

(Slide.)

This is a picture of a recent excavation of the
1906 break of the San Andreas Fault, and this feature here is
the surface scarp associated with that faulting. San Andreas
is clearly a right lateral transform fault, and yet the very
complex shearing doesn't show up quite as well on this slide.
But the main break in this particular feature is dipping about
in this direction, shearing here, complex deformation. There
are pieces of thrust in all directions from the strike-slip
fault.

Next slide.

(Slide.)

We have a little close-up here. This is locking
at a trench at the base of that previous exposure again,
actually a fairly low angle thrust feature along that major
strike-slip fault.

Next slide.

(Slide.)

Back to the kind of simplified trench log.

Basically what we interpret is that again the

main structural element is this shear feature here with the

1462 09]
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accompany.ng shear zone, this wedge of fine-grained sediments
showing predominantly lateral movement. The sense of that
offset, whether right lateral or left lateral, is not apparent
in trench exposure. It is clearly lateral. And further,

if there is an overall sense of normal offset in addition to
the lateral that we see, it's fairly clear that that normal
sense of offset would be east down, cumulating the very thick
sequence of scils seen here and obviously west up, where we
have not onlv the absence of those soils but a topographic
ridge on the southwest end of that trench.

Next slide, please.

(Slide.)

Back to this slide, the trench we were just looking
at is right in this area here. That's where this north 65 to
75 degree west faulting is most clearly shown,

Going back and re-examining trench exposures
here at the main trench and the side trench here and also
following the location of that thick low-velocity accumulation
of soils with seismic refraction techniques, we were confidently
able to extend that faulting we saw in Trench A at least to
these limits, that's ~s far as we carried it with the seismic
refraction at the time.

So far as where this northwest trending structure
extends beyond this, we don't have an interpretation on that

with any great confidence right now.
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acgbil ‘! (Slide.) |
2[ This slide will indicate that ia our interpretatio%
35 . there are fairly clear photolineaments that extend in the :
- J ;
- ‘E same general trend as this mapped fault in this area also |
5{ defined by this ridgeline in here, and there appears to be an 1
52 interruption with another photolineament found up in this
7‘ area.
8 i Additionally, across that general boundary we are
4 seeing that ridgecrests to the northeast of that boundary
0 are generally trending to the northwest. -Across it we go
i i almost into southwest trending ridgecrests. There clearly
12! seems to be some structural control along that trend.
13 Next slide.
" (Slide.)
19 Okay. So we discussed bocth the first two points.
s The third peint brought up in that review was to investigate
i further photclinea.ents that various workers or reviewers
8 had recognized southwest ~f the GETR and the B series 1, 2 and 23
" H series trenches were excavated for that purpcse. Ané the
20 next will be an aerial overview of this, and then we'll lock
2}; at the map bounded by red.
2 Next slide.
o (Slide.)
‘a$“.‘.q”nmti: Okay. Here we're just looking at the GETR, the
25

Vallecitos hills. This is Trench B-l. There's a small break
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in the trench to maintain the road herc. Trench B-2. A series

of side trenches on B-2. Trench H seria:s, actually three
trenches down in that area.
Slide.

(Slide.)

This summarizes the information we developed in
that area. First of all, the rhotolineaments that were of
initial corcern and causeé us to do this explcoration in the
first place are shown by green lines. And this one in parti-
cular was associated with wet spots generally along its trend.

What we found after excavating these various
extensive trenches was, first of all, there was no faulting
associated with this photolineament at all, Rather, the
photolineament coincided with a buried gravel channel beneath

the present geomorphic surface in that area. And we just

presumed on that basis and geomorphic evidence that it accounts

for the rest cf that lineament, a long trend.

Again, the further southwest photolineament shown
here, no evidence of any shearing or faulting directly asso-
ciated with it, However, upslcpe we did encounter another
low angle shear. 1It's known as the B-2 shear. That's where
it was encountered. It's generally similar in character to
what we call the B-1/B-3 shear or hillfront shear, which was
criginally encountered in the Phase I investigations,.

Dr. Shlemen is going to be describing this general

1462 094
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area and some of the details of what was encountered in these
trenches that offset relatinnships, ages of units offset,in
detail, so I'm not going to spend too much more time at this
point on this. . s

I just want to show you a cross-section view
so you get a third-dimensional view of the situation here,
and this will be looking northwest the section through the
trenches.

Next slide, plea:u:,

(Slide.)

Again the Vallecitos hills to the right, the
yellow indicates the trench. This i: to scale, at least
approximately. The B-2 shear encountered here. The B-1/B-3
shear there. The projection of the GETR.

Next slide,

(Slide.)

Okay, the fourth area of concern in the NRC review
was characterizirg and defining better the limits of the
interpreted landslide complex in the hills northeast of GETR.
The initial scope of investigations for Phase II called for
excavating Trench D, which is showr right here in the area
that we originally interpreted as representing the eroded head
scarp of this massive landslide complex in here.

Upon excavating that, we found that in general

there was fairly continuous stratigraphy across that break
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with Livermore gravels dipping back into tha hills.in similar
fashion that we determined in field mapping before,

And at the time that was uncovered, we were also
developing quite & bit of information on soil stratigraphy
and the age relationships for shearing at the base of the hill§
based on Dr. Shlemon's work, and that caused us -- this work
caused us to modify our concept as to how well present geo-
morphic form in this interpreted landslide complex matched
the geomorphic form of the feature when it actually originally
failed.

Essentially this information led us to conclude
that’' if there were landsliding in those hills, that it was
very, very much older than we had originally interpreted and
it was very highly modified.

And we felt what we might be looking at up here,
rather than the actual head scarp area of the landslide, was
something more analogous to a fault line scarp, in other words,
an eroded reflection of a headé scarp area that woulé now then
be stripped away and woulé then represent a downslope, some
amount.

To check that interpretation and also to provide
more exposure for control on the character of the Livermore
gravels above the shears exposed at the base ¢f the hills,
both the G series trenches and F series trenches were excavated.

We also tried tc do some seismic reflection work
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up on the hills. But the quality of the information received
from that wasn't usable, there weren't enough reascnably valid
geclogic reflectors tc do any interpretations. So that technidue

|
was abandoned in that particular area.

The basic finding of the trench exposures here |
was that although we didn't find any large polely infilling
zone which might be expected at ghe top of a large landslide
complex such as we were interpreting here, we did find severalb
high angle breaks in G trenches, and one in F, that had a
normal sense of offset on them, looked to be tensicnal features
and which we felt might say something about a landslide
interpretation, and I'll ‘iscuss those in just a moment.

The same features were examined by the NRC reviewers
and site visits, and it was suggested those high angle features
in an alternative interpretation were related to recent shallow
iandsliding which is fairly common in the hills up here.

(slide.)

This slide explains why we think that is not a
valid interpretation for the origin of those high ang.e
features. Here is the G trench here running up the ridge crest.

And the area where we first encountered one of

iese -- two of thesa high angle breaks, as a matter of fact =--
i~ the G trench area, we rut in a series of smaller backhoe
trenches tc follow those features along their strike and try

and get better definition of them.
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Fairly clearly this is a landslide which is active;
a head scarp which offsets moderm soil and grass here, activel§
moving downslope. And it's our understanding that this type
of sliding was postulated for the origin of these features.

Clearly the fact that these trends cross the
ridgeline and also the fact that in all the trench exposures
these shears are capped by unbroken soil units, presumably
Holocene age, we don't have a firm age date on those but of
the same order of age or probably even older than soils that
were clearly disrupted in the head scarp, we felt that another
origan had to be invoked.

I might also mention that these were not common
features in the general section here. Because the section was
folded, there were bedding contacts that appear to have
und-., e some degree of slip, there were some clay units in
Trench F that, again, seemed to show some internal bedding plane
or at least bedding parallel slip in the clay units.

But these features in Trench G and a similar one
in F were the only ones we encountered in very detailed logging
of these which were high angle normal offset on the southeast
side down relative to this,.

Next slide, please.

(Slide.)

What I want to show you next is just a geolocgic

cross-section extending through the G series tre¢~ . hes and then
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‘ : f
2 and at least propose a possible explanation for thes2 high |

3 angle shear features we're seeing in Trench G and F and seeing‘
- 4 hcw we might relate that to what we see at the base of the ;

5| hills.

6 Next slide.

7 (Slide.)

3% This is that profile, the GETR projects to about

91 thnere. This is the shear feature expcsed in the Trench B-1/B-3,

'oq Trere's the one we encountered ocut at B-2. And these are
" projections either directly at the trench or -- of the high
‘2f angle breaks that we are seeing,

C 13 The bedding in the Livermore gravel section
L exposed in Trench G is shown by the little short dashed lines
15 here. The brown is predominantly coarse-grained units, sandy
‘é; gravels, coarse sand. And the grey areas are predominantly
17 fine-grained units, generally silts, clay silts, sandy silts,
18 those type of things. And these breaks shown here are the
g actual attitudes of those breaks projected onto this section.
20 And it seemed to us not completely untenable that
2 maybe what we're loocking at was that these high angle features
2 up in the hills may represent =-=- if I could have the next
3 slide --

T
25 J

{
(]
£

eep-seated remnants of what might have
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been the pull-away zone on a postulated earlier lapd surface
which in scme fashion or another connect with the toe shears
down in here.

And since possibly -- or at least many tens,

possibly hundreds of thousands of years since thes main move-

ment on this interpret<d landslide concept, we have sirce then

stripped that portion of the sliding to end up with what we
see out there.

Next slide, please.

MR. PHILBRICX: Have you made any slip circie
analyses of that slide?

MR, YADON: As a matter oZ fact, we have not on
this particular section. On an earlier interpretation or
secticn, essentially the :came orientation, down across the
Vallecitos hills, some simplified Bishop analysis method of
slices, sta“ic analyses were run. The remaining condition =--
we did not run analyses on a presumed prior condition of a
land surface somewhere in this area. And using strength values

which were develcped from some other consultants' strength

tests on materials encountered beneath the GETR, the foundation

area of the GETR ané using some very ccnservativa interpreta-
tions of groundwater conditions, a series of cases -- for
instance, essentially a fully saturated case with the ground-
water at the surface and then a cournle of other groundwater

lavels in the slide mass, the stacic stability analyses
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indicated that the remaining slide material in th;s profile
were stable. Factors o’ safety in that analysis on the order
of two, two and a half, something like that.

We tried tn gauge what the effect of a seismic i
input on top of that static condition would be. Because of
the data available at the time, that was kind of more of an
exercise of interest than a formal analysis,

But the conclusion of that was that it would
take something on the order of many tens of g, five tenths up.to
eight-tenths the range of g values considered at the site to
cause reactivation on that.

And in a most conservative analysis, a most simple
a conservative analysis using a Newmark-type approach, we
might expect to yet on the order of inches to maybe a foot of
movement of those landslide masses, given the section we
looked at.

MR. PHILBRICK: That's a section that goes through
the noses?

MR, YADON: Yes, it's a section similar =-- one case
that was z:alyzed was similar to this,

MR. PHILBRICK: No, but I mean the surface,
the surface profile that you're taking as a profile locking
down a nose.

MR, YADON: Right,

MR. PHILBRICX: Did you make any analysis of
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anything going up the hollows?

MR. YADON: No, they did not.

MR, PHILBRICK: What would be your impression with
respect to relative stability?

MR. YADON: Given the range of conditions that

we tried to mcdel on the section through the noses, it's just

my judgment that there would not be a very significant difference

in the answer. I think without seismic loading, probably end
up again with factors of safety =--

MR, PHILBRICK: What's the difference in elevation
between the head scarp on the present scarp that you showed
us, that present active slide. What's the difference in
elevation between the head scarp on that present active slide
and the toe of that slide?

MR. YADON: Okay, let me make sure that I'm reading
you right.

MR. PHILBRICK: All I'm asking you really is
how deep are the gullies gcing back into the hills,

MR, YADON: I think the relief between ridges
and adjoining gullies is, what, on the order ¢f maybe 50 or
100 feet local relief, something like that.

MR, HARDING: I think sc.

MR. PHILBRICK: 1I think you are way sheort, I think
they're closer to 200 feet or more. If this has stabled under

these present conditions, then the gully profile will be stable
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by a great deal more. If that's the case, have you investigatéd
the offset in the stone line opposite the mouth of any gully?

M. YADON: Not directly, no. The trenches are ==

MR. PHILBRICK: The trenches have been on the
noses?

MR. YADON: Righc.

“'m not sure that we would encounter the stone
lines in gullies because of ercsional considerctions, I don't
think that part of the section is preserved there.

MR. WHITE: Before you go on, on your dlagram
you show some small black lines near the surface, near the
ground surface. Do those represent bedding planes?

MR. YADON: These are the apparent dips of bedding
planes exposed inthe G series trerches, They have just been
extended slightly downdip from their surface expression.

MR, WHITE: How clé would they =-- would they be
old discontinuities?

MR. YADON: These are actual bedding contacts
between units of the Livermore gravels, and, just as a ballpark
figure, these particular rock units exposed on the h.lls are
on the order of at least a half a million to several billion
years old. Sc these contacts here were develcped during
deposition of this rock sequence during that time span.

MR. WHITE: If those were slides, there would be

rotation and those bedding planes woculd not be horizontal,
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they would suffer the same rotation as the wheole mass cof
earth.

MR. YADON: Yes, if this is a completely accurate
resresentation and if -- the possibility is this is not a |
completely accurate representation, we might have had a fairly
significant component of block sliding and lateral translation;
in this part of the slide and getting the toe thrusting down
here.

MR, WHITE: I guess what I'm saying is, or asking
is this: any kind of useful evidence that would either help
or h;rt your hypothesis?

MR, HARDING: We have loockeu at that to try to
determine if we could see some disruption in the bedding that
would definitely be related to sliding, and it tur.s out that
because we have folding of the Livermore gravels prior to
any sliding, that really doesn't help you. Also, if you
assume circles of this size, the center of those circles are
going to be several hundred feet above the existing landscape,
tue center of rotation. And with that large of a circle,
you could get several hundred feet of slip along those planes,
assuming a purely rotational slip with only changing the dip
cf those beds on the order of about five degrees.

So given the variations in attitude down that
slope, we didn't figure there was any direct evidence one way

or the other.
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2% MR. YADON: 1If I could have the next slide, pleaseJ
s | (Slide.)
& J This is just a brief summary agaih in the order |
si of the original NRC concerns and the results of our Phase II |
6? investigations of those concerns.
7: Just to remind you, first of all, we encountered
. i an unfaulted stratigraphic sequence of Livermore gravels
. competely across Happy Valley in trenching.
‘oi In particular, there was an unbroken s;age five
it paleosol which Roy will discuss next on the order of 70- to
lz'i 125,000 years old acrcss the map trace of the Vercna Fault
3 anéd all the photolineaments projected along the hill front,
. and that paleoscl extended unbroken.
L Secondly, in the Highway 84 pass area to the
- northeast, we encountered a previously unmapped fault, It
7 appears to be a fairly significant structural element based
. on the degree of shearing that we see there.
" The pertinent features of that are that it
o strikes north 65 to 70 degrees west, it dips deeply to the
2‘? northeast, the last movement was predominantly strike-slip
" based on the mullion rtructures, the grooves and striations.
- And if there is a normal component of offset, it's apparent
24

A Paime RErmn. 1. that it is east down.

The thiré point, we encountered two additional
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low angle shears in the Vallecitos Valley southwest of GETR.
I discussed one of those a little bit in detail in Trench a-z.f

There was a third similar shear encountered in
Trench H which was shown on a previous slide. And the extent
of that shea ' laterally was not determined.

Finally, in regard to exploration up in the
Vallecitos hills, we encountered several high angle tensional
breaks and ind-‘' ‘rminate offsets. And we feel that the evidence
we developed tc date still leaves open the interpretation that
those are related to very ancient landsliding in the Vallecitcs
hills which is related to the low angle shears below, and
that we're looking at very highly erosionally modified result
of that old landsliding.

The last slide, please.

MR, THOMPSON: Befcre you leave that and with
regard to your first pcint, is it clear beyond any doubt that
those are Livermore gravels there or could they be younger
gravels?

MR. YADON: Well it's our interpretation based
on the mapping and continuity of structures and outcrop
patterns in that area that those are Livermore gravels, The
lithologies of class, the degree of weathering, the consolida-
tion of the unit in our view is similar to what we have seen
all throughout the Vallecitos hills.

There does seem tc be a little more predominance
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of sandstone fragments, perhaps a greater contribu;ion from the
great valley, maybe even tertiary rocks at that end of the
section as opposed to more Franciscan-dominated debris in the
Livermores at the other end. But we interpret them as t
Livermore gravels.

MR. THOMPSON: Did the NRC people wheo studied
the trench agree with that?

MR. YADON: I'm not really sure what their final
interpretation of that was.

MR. JACKSON: If I could comment a little bit.
We never came to an agreement on what the age of the material
was in Trench E, we had several problems with it.

Just to show the diffi. ulty there, not very far
away -- and I don't have a mep in front of me, but not very
far distant to the east of this trench there are vertical
Livermore gravels standing vertically on end. And in this
trench they are a very low dip, if not horizontal, the gravels.

The problem we see is one of if you take a
Livermore gravel, which is a really big pile of sand and gravel,
and you rework it by stream erosion and you depcsit it, the
characteristics c¢f that more recently deposited material looked
just like the original socurce material, it's very hard to
diseriminate.

One of the problems that we lcoked at was the

topographic -- if vou look at a topographic map, the material
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in this area is flat-lying, it is very low in topography com=-
pared to the Livermore gravels just immediately to the east
of it. So in general we did not make a conclusion on what the
age of Trench E was, but we highlighted that there was some
problems in the age interpretation.

MR, YAD™ : It is clearly older than about
100,000 years, though, on the basis of the presence of the
paleocsocl.

MR. PHILBRICK: Are we basically threcigh talking
about landslides or not?

MR. YADON: Dick Harding in not the next talk,

but the one subseguent to that, will address that interpretation

and fault interpretation in an interpretive, conclusionary
way, so we'll be back to it.

Maybe if we could find the Pleasanton or Happy
Valley area map we might just point out one thing Bob brought
up.

‘Slide.)

I might just pcint out the generally steeper dips
that I think Bob is referring to in the Livermore gravels
southeast of Trench E are the ones exposed in Sycaaore Canyon
here. You can see there's guite a range on these dips, like
35 to the vertical dips shown here.

A couple of the other gentlemen were the ocnes

who actually mapped that exposure, I'm nc. intimately familiar
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with it myself. But I might point out that in this area where
dips are, in general, somewhat steeper than what we see,.
Further to the southeast, if you will loock in Trench E, I
mentioned that there were two minor shears which were steep
and generally west dipping encountered beneath the Paleosol
in that trench.

In the areas where those shears occur, we have
local s<.cmening of dips in what we interpret as the Livermore
gravels, they are at least grossly along the bedding trend
of these attitudes. And the apparent dips, at least on those, .
are at least up to 45 degrees in some places.

So I don't think that in a general sense these
are really all that anomaluus in comparison to these. We
interpret that at least a major component of that dip probably
relates to drag effects along the Calaveras Fault which is
pretty close by, right over in here,

MR. JACKSON: Doug, just if you could, your next
slide shows a section across that area. Could you go to the
next slide to point out scme of the problems?

(Slide.)

The flat-lying QTLGU there and LGM.

Now, if we can go back to the other slide.

(Slide.)

Now those dips were measured in that ravine =--

slightly displaced from that cross-section are dips of
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35 to vertical, so the cross-section doesn't rcally represent
very well. If yocu're on the axis of a fold, you have some
problems. This is why we requested initially a trench =--
Trench C, could you point to that, because of property axis
difficulties.

We believe, in general, if we're going to trench,
we should not trenchk in the vicinity of a fold axis if at
all possible but go to an area where we had well exposed
Livermore gravels in this ravine and then try to trench at
Trench C.

So Trench E was clearly a secondary alternative
and not recommended in the initial phases, but unfortunately
GE could not get in there.

MR. HARDING: Bob, I would just like to point out
that that fold axis does trend toward the upper end of Trench E,
and we did see some steepening of beds in there close to
those shears as well as the flattening out. So where there
is a synclinal axic which can be followed up the canyon
off the slide to the right, it apparently flattens out as we
approcach Trench E.

I might also point out that on the next slide =--

(Slide.)

Here you can see some evidence of folding in our
acoustic unit, in the QTLGM, which is over toward the right-

hand side of that section there, and it's right along the
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projected axis cf that syncline.

So as we interpret the structure there, what
happens is you have at the bottom of the slide a rather gently
to moderately northeast dipping section of Livermore gravels
which flattens out as it hits the valley and then steepens up
again as it approaches this synclinal trough up to the north
end of that structure, and I think that's perfectly compatible
with both the cutcrop pattern and what we see on the seismic
reflection linc, what is seen in the bore holes and what is
seen in Trench E.

MR. JACKSON: Just to continue this debate a little
bit because it's an interesting area,and one of our problems
in projecting to the northwest, at the road intersection right
near the 35 degree mark, that ravine, the beds are clearly
steeply dipping.

Immediately where the f.rst red line intersects
that road, the bedding is apparently horizontal. There is a
clear disruption, and this is usually good evidence cf faulting
in this kind of terrain, it is a cross-cutting of bedding.

This i®s why we looked in this area as a problem.

I noticed in one of the earlier obligue photographs
of this area, and which I had nct seen previously -- I looked
at in the same light as I did this morning =-- if ycu stand
to the southeast, it's clear =-- there is one thing I want to

stress. I think photolineaments have been grossly stressed,
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' |
2, about lineaments, we're talking about them in a gross sense. 5
3l The case here is that you have a hillfront which
- 4 is basically linear, but the ocutcrop pattern, the sinuous E

5;1 outcrop pattern is exactly what one would anticipate if you
6; were to get an intersection of erosionul streams with a shallow-
7! dipping fault.

8 So where az valley crosscuts a shallow-dipping

9 fault, yov would get a V pointing upstream. And as you can

0| sea there, at the road, this is exactly the kind of outcrop

n pattern you get in this location.

12| MR. HARDING: Isn't the outcrop pattern also
i 1.~ consistent with the stratigraphy dipping in that direction
' as well as the fault dipping in that direction?
4 :
MR. JACKSON: Agreed. And that's why we have beading
15 plane faults.
16 MR. HARDING: But that configuration is not unigue
4.240 17 to faulting, and that needs to be pointed out,
18 I think we need to move on now to Dr. Roy Shlemon.

And in corder to be able to interpret scme of these shear

20 features in terms of their age and the amount of offset that
2!  has occurred on them as relates .. either hypothesis, in

22: interpreting the origin of these shears we need to know

p& something about the Quaternary history and the soil strati-
24 graphy that has been :ffset at the GETR site, and Dr. Shlemon

Ace-~ecers Reporters nc
28 will try to address that.
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DR. OKRENT: Before we get into the next detailed
presentation, could I understand, are we behind, on o= ahead
of your estimated schedule?

MR. DARMITZEL: We're just about on schedule.

DR. OKRENT: I must confess for myself I feel
somewhat immersed in detail. 1It's no. completely clear to me
which of the details are most important for the decisionmaking;
process.

When I lock at the agenda, at least, it's not clear
to me whether we're going to have a discussion only on the
faulting question in detal or whether there is to be discussion
of the seismic design b: sis and what the probakility is of a
Point Five or a Point A or a 1.0 or whatever you're talking
about. I don't know whether there is intended to be some
kind of a similar look at the question of landsliding. I'm
a little not sure about what I'm going to have had covered =--
perspective by the end of the day.

And just to add one perspective which I will
mention now to the Staff, I'll be interested in hearing from
them sometime before I make up my own mind what they think
are the prcbabilities of the various things they suggested
raight occur at the site, how this relates to what they think
are the probabilities of seismic design bases of other sites,

I am noct, at the moment, willing to think only in

terms of the seismic and geological design criteria on some
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kind of non-probabilistic basis. And I'll be interested in
knowing how what you do here relates to other places where you?
have used probabilistic bases in arriving at a decision like
the San Joagquin site, where there was something of this sort
introduced into your rationale,

So let me just indicate an interest in having
a broader perspective scmewhere, I'm a little worried that
we may not get there before everybody will have to leave the
room.

MR. JACKSON: I would like to comment from the
Staff point of view on several things you mentioned.

We do plan to discuss briefly the amount of fault
offset that we postulated as a design consideration and point
out we have had done some rough probabilistic exceedence
probabilities based on a data set which, in all honesty, no
one I talked to would endorse as useful for even drawing a
line through the data. But we'll show you that figure in my
presentation.

Dr. Shlemon will present scme overviews on the
probabilis+ic approach from a geclogical judgment point of
view,

We have not in any way approached this site from
a seismic basis, from a seismclogy basis on a prcobabilistic

approach. Our approach to the decision was made two years ago

in which we wauld,in the Geosciences Branch, which is represented
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here today, would make an estimate of peaks of strpng ground
motion tnat would be estimated to be at the site. :
Dr. Newmark has been contracted by the Structural
Engineering Branch to come up with acceleration for design ‘
|
purposes for this particular site. We've done that for severaf
reasons. Three of the seismologists assigned to this review
during the past two years have resigned and left the NRC, We
do not at the present time have an NRC Staff seismologist
assigned to this review.
Jim Devine of the USGS has worked with us on
developing the Safety Evaluation Report input we have, and
its base clearly is not developed on *he probabilistic scheme.
We have not addressed any of the gquestions that you raised
from a probability point of view, and I doubt very much if we
can make a comparison cf this site tc San Joaquin.
As a matter of fact, the probability approach
submi“ted to the Staff for review was done basically at the’
last minute. It's a minor addition to the total review which
we have ' ndertaken for the site.
Anéd we, indeed -- we, in turn, have reviewed it
in that context. And our review on the probability assessment
of the surface offset, you will hear from a seismclogist ==
seismology and geclogy viewpcint, a judgment of the acceptability
of using those kind of technigues for establishing the location

and the amount of surface offset. We plan to touch cn those

£l
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things.

We particularly have wrestled with this problem
considerably. We see no easy answers to therm. And we think
that the discussion would be better based on discussing that
rather than the presence or absence or arguments over 1- -1idg
or faulting at this particular site.

DR. OKRENT: I have no reason to be less interested
in what I stated for my interest, And just to make the case
more specific, as you know, there are guestions raised about
sites in the middle west and so forth, about seismic design
basis.

And I find it a little bit difficult to under-
stand the Staff ratiocnale, as I look at different places around
the country, why 0.8g is right in one place and 0.2g is right
in another and so forth. So I need to-have some kind of
relative perspective as to what is being implied.

You're using probabilistic ideas whether you say
so or not, because if you say you're using the historic
intensity in some zone in the middle west and you're not going
one step beyond, you've made a procbabilistic judgment. Don't
tell me otherwise.

MR. JACKSON: I agree, and . think we can provide
some comments on that. But in the context of this particular
review, I think when we get into areas of ground mction and

near-field ground motion, we have not in the past adhered
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\gb55 1 strongly to or even endorsed the use of probabilis;ic methods.
And we're approaching that on several reviews in great detail, |

3; principally San Onofre 1 in the SEP methodclogy approach and

(!

it's much better addressed in that context and not necessarily
5, with the people available here today.

6 PROFESSOR KERR: Please proceed.

7 MR. HARDING: I might just answer the first part
3! of your question there. Hopefully, when I get around to my
|

9 | conclusions section, we'll try to bring all these details

10 together into what our final conclusions are.

o3 I realize you are inundated with details, but

12 .many of these details have been points of disagreement along

13 the way and I think we need to bring them out in order to

14 set a basis for our final conclusions. So I hope those guestions
‘5: will be answered shortly.

16 MR. SHLEMON: Getting back to the GETR site for

17 the moment, and to put it in context, I have a presentation

8 regarding the regional geoclogic setting, another presentation

19 dealing with the site geology.

20 And the overriding purpose of the soil stratigraphic
2‘& investigations dealing with the Quaternary of the immediate

22| region, the site region, the overriding purpose is tc date

23_ the last displacement of the shears that you have heard much

24

5 about, whether in fact they have been engendered by mass
Ace.Fegersl Reporters Inc <

ag
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wasting or by tectonism.
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In that regard, there are four principgl objective;
of the soil stracigraphic investigations that have been spelle&
out in some detail: namely, in Appendices A and B of the
ESA Phase 1I report and, secondly, in Appendix B of the EDAC
report.

And these four major objectives of the Quaternary
and geology, geomorphology soil stratigraphic investigations
are first, one, to determine the presence: are there any
Quaternary units, soil stratigraphic or otherwise, and geo-
morphic units at the GETR site which could be dated using
these particular technigques.,

Secondly, the age: if they do exist, what is:
the age of these particular units? Perhaps we can date them
by some wonderful volcanic ash which blankets the area =-- it
doesn't, of course -- by fission tract or some other absclute
dating technigue. But more realistically by dating by relative
methods, geological rate processes ar~ specifically, by rates
of soil Zormation related to Quaternary geomorphic associations
and, of course, in all these studies, changes ¢of Quaternary
climate and vegetation.

The third objective, a major one, in fact, was
to determine the dispiacement history if, in fact, we can £ind
any Quaternary units, That is, are these units displaced and,
if so, by what amcunt.

Finally, as a fourth objective and it came cut
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later in the study in response to a specific quest}on, what
is the age of the sediments that essentially underlie the GETR,
particularly as exposed in Trench B-l and B-2.

And another objective, therefore =-- and this is
presented, as I mentioned, in Appendix B of the EDAC probabiliﬁy
analysis -- is essentially to identify the scil stratigraphic
units at the GETR and come up with their approximate age.

May I have the first slide, please?

(Slide.)

To put it in zontext, it's a slide you've seen
before. This is the GETR site indicated diagramatically and
here is the large Trench B-1l and B-2. The red lines again the
B-1/B-3 shear at the base of the hill slope and this is
designated here the B-2 shear,

The soil stratigraphic investigations were con-
centrated mainly in four trenches: particularly in B-l;
secondly in B-2; thirdly in Trench E, which is off this
particular slide but you'll see in just a moment; and then
also in a smaller trench called Trench H which reveals a
very significant and important Quaternary stratigraphy for
the region.

In addition, there were some investigations of
the side trenches to trcce down the geometry and the amount
of displacemer.t of the Quat 1ary units in the B-2 sheau

system,
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The procedures used and described in the various
appendices are essentially soil stratigraphic techniques. The;
terminology is typically that employed by the Scil Conservatioﬁ
Service,and soil here means pantological profiles not soils
in ﬁhe engineering standpoint. The terminclogy used, then,
can be presumably used and the area can be replicated in terms
of mapping and logging.

And, Mr. Chairman, as an aside, you had asked
earlier whether -- what is judgment and what is, if you will,
fact. Well everything we do, of course, is judgment out
here, but in this case -- I'm sure the other speakers will
say this as well -- the judgment is tempered by field evidence
presumably in the form of trench exposures and logging and
mapping.

Next slide.

(Slide.)

Here then is a slide showing the GETR, Here is
the hillfront. A number of trenches you can see extendilng
up and across the hills, and here is Trench B-l, Here is
the exposure of the shear called B-l, the B-3 trench would be
to the right as you face the slide or -- correction, the
screen here =-- Trench B-l comes through this area. And we
have some detiailed so.l stratigraphy logged in this area and
I'll show you that in just a moment.

Next slide, please.
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(Slide.) }

This is from that same locality, turned right
around looking down Trench B-1., The GETR is off to the left
as you face the screen. This trench goes to the crest of the
little Lill, and then on the other side it's designated
Trench B-2.

Now these are wonderful, as you know, localities
for Quaternary geclogists, we never have enough data, we always
need more trenches and if we have our way, of course, we would
wipe out the entire Coast Ranges.

But we have a magnificent exposure here, at least
if these trenches are still open at the GETR site.

With regard to the B-l shear system, rightat this
locality where these various plastic bags and detritus are
strewn about is the locality where a detailed soil stratigraphic
section was described.

And in fact where these red flags which you'l
see in just a moment is where samples were cocllected for
possible radiocarbon dates from the modern soil, fraught with
difficulty but nevertheless we took all kinds of techniques
and applied them here.

Next,please.

(Slide.)

Illustrated diagramatically here and spelled cut

in great detail, including the physical and.chemical
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characteristics of each of these in the appendix, }ppendix PN
of the Earth Sciences Phase II report are the typical soil
horizons of the GETR area, parcicularly within Trenches B-l
and B-2.

I won't go into great detail on all of them but
note, please, that there exists a distinct unconformity in this
section. The modern solum, the modern soil has several
distinct horizons that have been mapped and described in
detail.

These are mainly the A horizon, usually very
dark and called the mollic epipedon, dark in color; the AZ
horizon or the albic or eluvial horizon is a tricky one but
it's a very useful one here because it's distinctive, it's
light-colored and it can be traced and recognized in the field
in a number of the trenches, particularly because it contrasts
dramatically in color with respect o the overlying dark-
colored mellic horizon.

There is also in the modern solum the cambic
horizon, slightly oxidized, an incipient B horizon and in
many pla :s a BT or argellic horizon, it's moderately developed.

In this area right below, not shown on this
diagram, is a typical widespread regional unconformity often
represented not only by the base cf the modern solum but by
a stone line, a geomorphic marker as well.

Typically below that and truncating the underlying

1462 122



| 122 |
| |
agbé6l ‘3- unit, one finds a very distinct and cbvious burxed.Paleosol.
2! This is a very useful regional and widespread stratigraphic
o~ 35 marker. The buried Paleosol can be'identified mainly by its
XXXX ‘% red color. It is one cell notation generally in the
51 range and it can be subdivided again in the field based on a
5: number of physical and chemical characteristics spelled out
73 in some detail in the reports by its argellic horizon, argella=
2 ! tious clay accumulations of B-2-1, B-2-2, et cetera, the lower
9‘; case b, of course, indicating buried and here, of course is the
| parent material.
‘O% In brief then with respect to some of the strati-
i ‘ graphic markers, they do exist at the GETR site, particularly
121 in Trenches B-1 andi B-2. They are namely the modern solum,
‘3! secondly the buried Paleosol and often -- although not that
14 continuous at least in some areas -- c¢'n be a distinct stone
4.500 ‘51 line, a gecmorphic marker.
16 | Next, please,
17 (Slide.)
18 Diagrammatic, here is a geoldgical log, a simpli-
” fied geclogical log alsc reproduced in the report, and this
20 is of Trench B~1l. This is the engineering log and what I've
1
2'¥ superimposed on it, indicated on the right side as you face
2 | this particular screen is a soil profile, the description
23 again in the report.
24

The idea here is to identify the soils away from
Ace-Federal Reporters Inc. 8

~
2 the particular shears indicated by red, and then move those

1462 123



agb62 1

L

18
1§

20 |
2 |
22 |

22
-

-
4

Ace-Fegeral Reporters, Inc

ar
-

123 |

soil horizons laterally toward the shear to see wh}ch, if any, |
are displaced.

Also indicated on this slide are tl.ese large
black dots here, and these represent the area at that parti-
cular shear where three bulk samples, roughly 25300 to 3000
grams of organic material, very low in organic content to be
sure. These samples were collected for mean residence time
dates radiocarbon, MRT dates, and shipped off to commercial
laboratories.

What can be seen also in this slide =-- you see
+the base of the modern sclum, here's the buried Paleosol and
here represented diagrammatically is a distinct geomorphic
marker to help date the age of the last movement of these
shears, in this case; the stone line indicated diagrammatically
because it is a discontinuous unit, Those clasts are derived
mainly-from the adjacent Livermore gravels in the adjacent
hillfront.

What shows up also, by the way, on this particular
slide, you can see that the shear, the principal shear in the
B-1 near the hillfront, no doubt about it, completely dis-
places the buried Paleoscl. It displaces the buried B horizon,
the argellic horizon. Further it displaces -- not much, but
nevertheless it does, into the stone line andé, in £fact, can
be traced up into the argellic horizon or the modern solur.

Tae question we now face is how old are these
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particular units and, secondly, by what amount is the dis-
placement.

I1'll point out here also the second rea line, ;
wrich indicates not only the B-l1 shear but, in the others,
that in fact there are smaller units that can be seen, that
shears, if you will, whether they connect or not, it's
apparently this one that dies out, however elsewhere they
appear to connect with the principal shear, so there's a
multiplicity of smaller units here.

These numbers here refer ﬁo the laboratory
numbers for the radiocarbon dates, the mean residence time
dates, the MRT dates. In this case, they are =-- Geochron
is the commercial laboratory.

Next, please.

(Slide.)

This is at that same lccality. These red arrows
here indicate those sites where those bulk samples were taken
for mean residence times. The yellow flags here indicate the
shear.

And this, although it is perhaps a little messy
slide at the moment and it had raiﬁed and so we lost some
of the structure at the time that slif: was taken, nevertheless
this is the top of the argellic norizon, this is the B=-2-1

£ the buried Paleosol and it is cleanly displaced.

The dates we would obtain by mean residence time =--
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ber aus~ unfortunately,as typical, one seldom finds nice laxge
chunks of detrital charcoal to vield unequivoca' =-- and they
are always egquivocal -- dates.

Nevertheless, the second thing one could do is

|
|

try to get a bulk sample., Note, however, ronots coming all the

way through, and we are in the modern soil, no guestion about
it. And hence we would expect the dates, whatever they are,
even thcugh they are mean residence times, dates to be on the
young side because orf contamination.

I had anticipated -- well, I can't leave that.
I expect 2 date out cf that of about 2000 years, just based
on the mean residence times of the modern scil because soils,
as you perhaps well know, really are weathering profiles
anéd they only -- they date, in essence, a surface of landscape
stability and therefore provide minimum ages for the under-
lying sediments which they are forming.

Next, please.

(Slige.)

Here's a closeup of that same area., And again
ycu can see by the vellow flags here with the shear projecting
in this area. I point this slide out zlso for the following
reason and it shows up in another one rather well, I think,
namely, that there's a blocky structure with a strong contrast

in color between the urderlying buried Palecsol, the ove:-lving

b

mollic epipedon and the argellic horizon,
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A few of the stones -- a weak stone line did show
up laterally in the trench. But also the fact:that many of
these clays are probably smectites, montmorillonites and
expansive clays and therefore it is often fortuitous --
namely, one has to work in the spring and thrcugh the summer
in order to see some of the structures in here, and by winter-
time with the first rains they would tend to expand and we |
tend to lose those things.

These flags here identify the base of the parti-
cular horizons. The 3T here is the modern, the base of the
modern argellic horizon.

Next, please.



#3 ebl i

b
=

10

1‘7

13

24
AoJummnuwnnmunf

s

127

(Slide.)

This slide again is in the report and it's a typical |

family >f curves taken from the literature to show the relative

amoun+ of contamination that .elds the dates, apparent dates
versus the true dates.

For example, if we have a true date, we'll say, of
20,000 years and we have taken off, say, 20 percent we end up
moving down the family of curves of modern younger carbon,
we would end up with something on the order of about 8,000
years approximately.

So we have two lines of evidence to date the upper,
the modern soil; three lines ir fact. One is associated with
the stone line, when did that form on a regional basis, pre-
sumably related to regional climatic change. Secondly of
course is the relative profile of the development. It does
take time for soils to form and we can calibrate those in the
Mediterranean climate based on soil profile development else-
wnere in California.

And thirdly of course interpretation of the amount
of contamination. I point this out because we're dealing with
mean residence times and of course contamination.

Next, please.

(Slige.)

Referring back now to the general location, the

slide you saw, we were right up here in trench B-l in the hill
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£ront shear. Next we'll go over here to trench B-2 to see

which units are displaced, and y»>u can see already there are

Quaternary markers. The guestion is how old are they and what

Next, please.
(8lide.)

Here it is, This photograph is reproduced in the

repcrt. Right where the geclogist has his left hand here is
a bench break and slope. There was no gquestion there is a
shear, a major shear.

This has been called the B-2 shear system slip
service displacement and another slide coming up in a moment
will show you the details of this particular area where it goes
up toward the surface. But perhaps even at this scale you can
see this light-colored unit. This is the AE horizon, the albic
horizon.

There is also a stone line very well developed in
this area right up at the base of the mcdern colluvium, at
the base cf the rodern soil. It comes right around, neatl
wraps arcund and can be traced right here and extends off in
this particular direction.

At depth, the shear passes deep into the trench and
this is displayed on the logs prepared by Earth Sciences.

There is no gquestion there is displacement. That is the buried

Paleoscl. It is the argellic horizon.
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You will note also there isn't a buried A horizon.
We seldom find preserved, at least in California, anything
.much older than Holocene age, buried organic horizons, but
typically we find the argellic or the buried B horizon, and
here it is.

It is cleanly displaced and so is the stone line.

Next slide, please.

(Slide.)

However, this shear when traced up in some detail =--
and these little pink flags identify the details of that
particular shear system at the B-2, and you can see there are
a number cof these.

This was=- Although it looks like it was a nice
clear day, shortly thereafter it started to rain. This was
taken about a year ago, and that was the end. These smaller
shear systems could not be seen until the next year, next
spring.

However, displacements were measured from their
maximum point, worst case situations assuming that all dis-
placement occurred in one event and with respect to the buried
Paleosol, here's the stone line and the albic horizon coming
right around. A point was taken from here to the nose, way
out to this point. And in fact this is the B-2 trench indi-

cated on the flag here, and Station 115, and this turned out

! to be on the order of ore meter or slightly more than three feet.
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And it was only in this particular trench, on this

wall of the trench in fact that yielded this much displacement

but nonetheless there is displacement.

Next, please.

(Slide.)

Here's a diagram of that same area you just saw.
Again note here the black dots that indicgte areas where bulk

samples were taken for mean residence time carbon-14 dating

from the modern solum in most cases because that's where the
orqanic matter is.

The red lines again indicate the shear plane and

indicated diagrammatically are some cf those smaller ones.

Again indicated is the stone line'neatly displaced
and wrapped around, and you can see however that with respect
to the modern solum over here, the cambic horizon, the AE,
the alluvium B=-1 are apparently continuous across.

Samples were taken above and below the apparent

shears in order to see what kind of information we would get
from that with respect to MRT dates.

lext, please.

(S.ice.)

This table, again reproduced in the report, illus-
trates some of the typical difficulties one has if one accepts
blindly numbers that come from a laboratory without some in-

terpretation.
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First of all, six samples were taken. These samples
'were split and hence we have 12 numbers because the samples
were fractionated. We had hoped of course to get both folic
and umic acid dates. There are essentially two commercial
labs in the U, S. that provide relatively fast service, and
this turns out to be Geochron and Teledyne.

Although not indicated on this particular diagram
but pointed out in the report, all of these samples yielded--
By the way, from 3,000 grams we ended up with less than one
gram of organic matters eventually re-~overed be.ause these
are bulk samples, we're n a Mediterranean climate, so it's
not 30, 40, 50 grams of pure organic carbon.

Note, however, without going into great detail, here
are the soil horizons indicated by their symbols. We were
able to get some alkali solubles and insclubility of this
technique would give us a little better dates. I had antici-
pated dates on the order of about 2,000 years in trench B-l;
actually we were getting dates from the 4,000 year olds up
to 4600 years old.

And what's intriguing about that, you'll notice
these are inverted and they're reversed and essentially they're
meaningless other than to tell us that the modern solum, the
accumulation of organic matter, that has been going on for at
least 4,000 years, including some of the units that aren't

R

displaced. However, some units that are truly displaced also
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B So what does this tell us? Simply that there's beenf

3 | weathering; the superposition has been going on for at least

(B
o

|

ebé 1|l yield the same age. . ’

|

|

4,000. If we convert, make some simple assumptions using |

|

5| the geomorphic relationship as well as scoil profile development,

|

6| then we take 4600 here. If you want to play the game you can |

7| double it because it's the mean residence time and make it ;
8|l 8,000, maybe a little more. And you can add another factor

91 for contamination.

10 In general the MRT dates are not the most definitive
n things in the world to use and we seldom would use them, but

12|} in the absence of anything else radiometrically, they do

131l support, if one interprets them, that tie last displacement,

14| the last displacement of the B-1l, B-2 shears =--
15 Can I have the next one, please?
16 And th t's right in the system. Again here's B-l

171 . and B=2 and here's the hill front and there's GETR. The last

18 | displacement was probably on the order of =-- well, certainly

19 post-20,000 years,stage 2 in the isotope stage, but it cculd
20| pe as young as 8,000 years. 1In other words, it's Early

21 | Holorcene. Based on soil stratigraphy, regardless of the origin

22 | of the shears, whether it be mass wasting, whetner it be

231l tector 'c, possibly Early Holocene, probably slightly older but

24 | nevertheless conceivably that young.
Ace-Fecersl Regorters, Inc.

5 MR, PHILBRICX: Were your samples only taken in the
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B-1 trench?

MR, SCHLEMON: B=-l and B-2.

MR. PHILBRICK: Did they take any samples in those
satellite trenches that ring the end of B-1l?

MR. SCHLEMON: Not for radiocarbon dates.

. PHILBRICK: Did you find the same offsets --

MR

MR. SCHLEMON: Yes.

MR. PHILBRICK: == in those rings?
MR

. SCHLEMON: Yes, a little less in fact. And I
point that up. 1It's coming up in the next three slides.

MR. PHILBRICK: Okay.

(flide.),

MR, SCHLEMON: Another trench that was quite in-
structive with respect to its regional soil stratigraphic
relationships was Trench E. Now that's way over here. There
was some concern about projecting the lineament through it.

Next slide, please.

(Slide.)

Trenching is a very-- It's unfortunate this trench

is covered because it's academically of interest as well as
perhaps has some bearing on the particular problem.

We're looking across the Vallecitos Valley. The
Calaveras Fault would be cn the range of the hills over here.
And expressed here by this red line is that regional buried

Paleosol, again just the argellic, the B horizon.
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Not well displayed here but it certainly. can be seen
and shows up on the detailed logging is the stone line at the
base of the modern colluvium and alluvium. I say "modern."
Obviously post-stone line, with the modern soil not only de-
veloping through that colluvial-alluvial unit but in fact now
becoming superimposed on the underlying buried Paleosol.

Of particular interest there, and especially when
you can date this buried Paleosol relatively, not by absolute
dating but by association with the geomcrphic and Quaternary
climatic changes, is the fact you can see there‘'s a very close
correspondence on the surface of the ancient surface with the
modern surface, with some diversion, as it were, as one goes
downstream, and it looks like there has been sort of a migration
of the axis of the little valley here farther downstream.

In a broad sense it appears then we're looking
at regional climatic change and because this is miles away from
the GETR site but can be traced all over in a number of trenchs,
that gave rise to, if you will, epochs of landscape instability
as sediment production separated regiocnally by times of land-
scape stability, if you will, or surface stability, s.ope
stability, soil formation terminated again by the landscape

instability, and more colluvial sediment >roduction.

Now this applies obviously only to certain locali-

’—-l

 ties. There is always sediment producticn in the valley; there

| is always erosion up in the hills. But here then from a
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geomcrphic Quaternary standpoint we can see =-- reconstruct
the Quaternary history of the area and hence get an idea of the
amount of displacement and if there are markers in the area.
Next, please.
(slide.)

Here's that same Trench E. Smaller shears were

found. You notice in contrast to B-l and B-2, they do not have

the same sense of displacement. They are indicated here by
the little red flags. This photograph is also in the reports.

A Munsell color chart here for notation. . The flags
you see on this side represent depth markers in feet, and here
are the horizon markers here.

Next slide, please.

(Slide.)

Notice the shears, and here you see it indicated
diagrammatically. Here then indicated diagrammatically is the
bur.ed soil, the argellic horizon, a number of crotovenas or
cld burl £ills here.

Here is the weak stone line. Clearly this shear
does not go into the B=-3 horizon of the buried Paleosocl. Re-
gardless of the origin of the thing it is old, and I'll give
you the evidence for its age.

But in brief, that buried Paleocscl on' a regicnal
basis probably relates to stage 5 in the oxygen isotope

chronology and therefore is in the range, not absolute age but
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range of about 70,000 to 125,000 years B.P.

Again we have the modern solum superimposed on the
.buried Paleosol.

Next, please.

(Slide.)

Here's a closeup of thac same one. Again the flags
indicate the horizon. The horizon markers are at the base.

I point this one out for the following reasons.

There is the contact, the erosional unconformity
right here at the base. Note the roots. Here is modern
pedogenesis superimposed on the older Paleoscl. I point this
out because along the ped faces, alcong the strong blockey
structure, columnar prismatic in some cases with a lot of clay
films or cutans along the faces, it is possible to find little
flecks of charcoal. And it's almost futile to get a date on
those because there's a very strong probability or, if you will
judgment, that a radiocarbon date from that would be a 2,000
year old date from a 100,000 year old buried Palecsol, simply
the modern organic material coming all the way through.

Unlers one can £find detrital charcoal then sometimes
radiocarbon dates lead toc more problems than really one needs.

Next, please.

(Slide.)

A clcseup cf the same thing showing some of these

roots coming through. Here again you can see a couple of clasts
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ebll 1|l here that represent the buried stone line. It's discontinuous

2| but again it's on a regional basis. The clasts are derived

3 'mainly from the Livermore gravels.

(N

Again the markers indicate in this case in feet,

5! and here is the argellic as a distinct marker. i

4 Next, please.
7 (Slige.) I
8 Okay. We then wanted to look at some of these side

9| trenches for trench B-2 to come up with the amount of displace-

10 | ment and to anticipate, referring I guess to Dr. Philbrick's

11| question here.

12 So we measured displacements as seen in these trenches.

13|l Here are the data points now. We just had a couple of markers

14 || here and here, so that's called the B-1/B-3 system. Here's

‘SE the B-2 system, and a number of side trenches were put in.
‘6§ Where you see the red line indicates that the soil
l7i stratigraphic markers were truly displaced.

lsi A few odd features nere suggesting that this thing
'9i just sort of curves right back around and could not be traced
20! in any of these trenches over here. There are 36 of them in
21| fact. Most of the examination, however, concentrated where

I
22! there was clearly displacement.
l

Here for some reason Trench 12 == and there's a

24; photo coming up next =-- was not displaced. We found a few
Ace- e gl Reporters, Inc.

minor shears 