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JUNGE KELLEY: Good morning. We are ready to

hearing.

» 1 . »
Mr, Chandler, vou =said vou had one housekeering

-

et me as%, on the first day, we had introductions

to left or left to right, of everybhody 'tho *ras here,
have seen a ‘e ne people arrive since then, and I

as a matter of vractice, so we «will know who is up on

the front tahles, if vou have a nev person come in, you might
introduce them at that time, and perhaps .a3ft to riqght I
could qet whatever additional -- the gentleman in the middle,
I think =-

MR, CHANDLER: T will make the introductions, Mr,
Chairman. Tn .addition to Counsel with me at Counsel table is
Mr ., Harrv Rood, who is the “RC Staff's nroject manager for the
San Onofre Units 2 and ?*, In additiom, Mr. 2., Thomas Cardone,
who is a staff geologist and responsible for the ageology review
of the San Onofra Units 2 and 3 facility.

JIUDGE ¥RLLEY: Mr, Wharton?

MR, WHARTOM: Yes, in addition, at our table is
Dr. James M, Brine, Dr. Brune is a nrofessor of geophysies at
miversity of California, San Dieqo.

JUNDGE KFLLPY: You have the same team this

morning, I think, less one.

MR, EFIGOTT: Same veople here, that there has bheen
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with me at prev:ous =-- during the evidentiary portion of the
hearing, Mr. Gene Hawkins, the distinguished white-haired

gent leman who has been sitting to my right, who is a geologist
with the Fdison company.

JUDGE KELLEY: Mr. Chandler, you had =--

MR. CHANDLER: Yes, Mr. Chairman., As I indicated
yesterday, I have now received a document entitled NRC Staff
Views with respect to Question Posed by the Atomic Safety and
Licensing Board in the area of Fmergency planning,” which
represents the Staff's comments on the questions raised by the
Board at the April 29 pre-hearing conference regarding
emergency planning,

I will serve that upon the Board and parties. It
is noted on the certificate of service, that as indicated by
double asterisks, service is being accomplished by special
delivery service, which as I mentioned yesterday, means
service mailed to me, and I will make personal service on the
Board parties.

In addition, as I mentioned on Monday, the Staff
will be offering one additional Exhibit as part of its direct
case. That document is entitled "A Safety Fvaluation of the
Geologic Features at the Site of San onofre Nuclear Generating
Station." It is in docket numbers 50-206, 50-361, 50-362, and
it is date July 8, 1975, For your information, docket 50-206

is the docket number assigned to San Onofre Nuclear Generating




Station Unit 1, and I would like now to provide the Board
parties with copies of each of these documents.

JUDGE KELLEY: Fina,

MR. CHANDLER: I am not offering it or asking
it be identified at this time. 7T would like to note, Mr.
Chairman, that with respect to the Staff's views on the Bozrd
questions, references made to two affidavits, an affidavit by
Brian Grimes, which is indeed attached as indicated, because
of some complications in transmission, the affidavit, the
second affidavit that is referenced in that é cument,
affidavit of Robert Jaske of FEMA, is not attached.
anticipate receiving that today, and I will provide that to
the Board and parties as soon as possible after receipt.

JUDGE KELLEY: Thank you. Prior to the beginning
of this hearing, and after, however, the Board's receipt of
testimony and Exhibits in the case, we were reinforced in our
initial impression as to the highly technical nature of this
litigation, particularly with respect %o some issues, and
particularly with respect to seismic issues, and we had a
discussion with Counsel last week as to whether there might be
some means whereb, the -- well, the Board frankly, in our self-|
interest, could haccme bhetter educated, so that we would have

'a better understanding of the testimony and the record as it

| deve lops .

And Counsel for the Applicants suggested that they
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would be willing to give a presentation of I don't know how

to characterize it, the elementary seismclogy. I will leave it
to Mr., Pigott to spell out more clearly just what he has in
mind this morning, and then the understanding would be Dr.
Brune is the expert here this morning for the Carstdns
Intervenors. He may wish tu comment on certain arpects, and
we will see he will have an opportunity to do that after the
precentation has been made by the Applicants, and similarly
with the Staff, if they wish to make comments or ask qucsééqn',
they will have an opportunity to do so. But this is for the
education of all of us, if you will, certainly for the Board.

It will be transcribed. It will be in the record.
we will not, however, swear the witnesses. This is not being
offered as substantive evidence. This is just being offered
as an aid to understanding to v- in this technical casa. Se,
with those comments, let me turn it over to Mr. Pigott, and he
can spell out perhaps in somewhat greater detail what he plans
to do this morning.,

MR. PIGOTT: Thank you., We have prepared three --
or requested three of our experts to prepare an introductory -+
some introductory remarks to the subject matters covered by
their testimony. We are attempting to keep it very academic,
and it will be away from =-- not directed to the precise issues

in this hearing, or any of the geologic features that we have

been talking about.
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Obviously, this is a broad field, and the

discussion will center on the areas that are of concern to
this hearing,but it will be a very general type of a discussion|

We will be hearing from Dr. Robert McNeill, who
will be talking about ~-- I hate to generalize it as the
engineering aspects, but certainly more than pure seismology.
And Dr. Stewart Smith, who will be talking abopt the seismology
generally, and Dr, David Moore, who will be talking about some
of the techniques and the procedures used in offshore profilinqk
which is a large part of this case.

So, with that, if we are ready, I would ask Dr.
McNeill to proceed.

MR. WHARTON: What is the purpose of presentation
of engineering? We don't have any issues regarding
engineering.

MR, PIGOTT: We don't have an engineering issue.
It has more to do with the -- let me put it this way. The
design spectrum, getting to a discussion of how you get to the
design spectrum, the thing that we are trying to determine
whether or not it is conservative. You are correct, we are
not going into structures. And with that, Dr. McNeill?
wWhereupon,

ROBERT McNEILL
was called to address the proceedings, and spoke and was

questioned as follows:
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MR, MCNEILL: Good Morning. I have prepared this

little tutorial in a rather simplified form. I am going to go
rather slowly. It will take about 40 minutes.

I would encourage you to interrupt me at any time
to ask questions. I think that is probably more efficient in
the learning process than to do it afterwards.

Wwe will be talking about earthquake vibrations, but
before I do, I would like to talk just about simple
vibrations for a while, and define some terms that we will be
using, and I might just use this as an example, and note that
this takes a certain period of time to complete one
oscillation, and we call that a period. We give it the
dimension of seconds, although really it is seconds per
cycle of complete motion. We say seconds, but it is seconds
per cycle.

1f I were to pass a piece of paper across the top
of this, and if this were an ink pen, it would mark for me
the time history of the displacements it is undergoing, and
in that time history, I would define the period, which I have
already describe to you, and also the amplitude of the motion.

Now, it is important to recognize that the
amp litude of the motion can be describe in several ways, but
fortunately those different ways can be related in quite an
explicit form, and I will depict that in just a moment.

But for example, noting this vibration, what you
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see with your eyes is the amplitude measured in terms of

displacement. It is going so many inches back and forth.

But you also recognize that right now, the
velocity is zero, but when I let it go, it picks up velocity,
gets a maximum ‘relocity here, then commences to slow down, and
it goes hack to zero velocity and reverses that process, and
so I can also describe that motion in terms of velocity.
disp lacement and velocity.

Also, when it is at this particular point, it is
being pulled back by the rod, that is, it is feeling an
acceleration, and so I could also describe it, although you
can't see it, in terms of acceleration. So I will use almost
interchangeably these terms, "displacement velocity" and
"acceleration,” and I will show you how to relate these to
each other in just a moment.

Notice also that if I let this vibrate and talk to
you for a while, that the vibrations are tending to damp or
to die. That is, nothing gor., on forever, except perhaps a
hearing.

(Laughter)

MR. McNEILL: So, we describe -~ we describe the
tendency for the motions to die out or to damp as damping, and
we express that as a percentage, a percentage of what? If the
damping were zero percent, the motions would go on forever.

If the damping were a hundred percent, for example,
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this were in a bath of very viscous o0il, then if I puil it back

and let it go, it would just return to the same position arA
not overshoot, and not vibrate any more. So when I talk abuut
vibrations that are for example two percent, five percent,
seven percent, it is of that critical verv high damping, and
numbers of two and five and seven percent are in fact very

low dampings.

JUDGE KELLEY: 1Is damping the same as or related
to attenuation?

MR, MCNEILL: Not the same as, but related to. It
has to do with the same phenomenon, that is, energy is being
converted to other forms. For examr le, if I were to move this
fast enough and let it move long «nough, then clearly it would
become warm down here, because the energy is being converted
to another form, heat, but it is being lost tc the form which
is the vibrating motion.

Now, I have to apologize. In engineering there are
certain dogmas, just as for example there is in law. You use
latip --

JUDGE KELLEY: Unfortunately that is true.

MR. McNEILL: Yes. In Germany, you worry about
the articles and how "'ou decline the nouns, and there is
rhyme or reason. It is just done that way.

Well, in engineering, we have a little feeling of

our own. That is, we talk sometimes in terms of period, which
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you can see very easily there, and at other times, and often

in the same sentence and interchangeably, we will talk about
frequency, and those - .e related, quite simply, in that the
period is the reciprocal of the frequency and vice-versa, so I
can talk in seconds per cycle as the period, or in cycles per
second as the frequency.

So, for example, when I speak to you of a period of
one second, then obviously I am talking about a frequency or
one cycie. If I talk to you about a period of a half second,
then I am speaking of a frequency of two cycles per second,
and so on. And one has to acquire the ahility to flip those
around in vour mind., I have been doing it for 30 years, and
I have 't acquired that ability yet.

Now, what I have been discussing with you are
rather simple vibrations of a discrete particle, but obviously
what we are leading to are the vibrations and the wave mc 18
of an earthquake, and as the earthquake happens, it creates
waves which vibrate through the ground, so instead of talking
about this motion in terms of time, as we have been doing, it
is often appropriate to talk of the motions in terms of space.

That is to say, y»u might imagine that I could just
take a snapshot of that wave as it is going by on the ground,
it is a lovely pointer. Do we have a hetter one?

And, you might imagine that wave travelling at some|

velocity, and let me clarify now that that velocity depends on
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two things, the type of wave, and the properties of the soil

or rock through which it is propagated. Thank you, Gene.

So the wave is moving at some velocity, which is
a definable calculatable term, and the wave has a certain
portion of space that it occupies, and that is referred to as
the wavelength, and that wavelength, for example, might be
much larger than a building, it might be much smaller than a
building, and we can quantify that by combining these
quantities with the period that we have already discussed,
and knowing that the wavelength can be calculated from the
relationship that it is the product of the wave velocity times
the period of the particular motion.

we will return to this in just a moment, and
extract some of the properties of that very simple equstion,
but before we do, let me point out that 1 have disecwss~d with
you without defining them two velocities.

One velocity was the one that we developed for this
little particle going back and forth, and so we will distinquisbx
between that particle velocity and this wave velocity, and if
I don't distinquish hetween them, please interrupt and make
sure that I have made that point clear.

As we look at this simple equation, either
in the form of period or in the form of frequency, you notice
that for a given rock or soil, the wave velocity for a

particular wave is sensibly constant, and therefore that the
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length of the wave varies as the period or inversely as the

frequency. In other words, if I have very long periods, I am
going to have long waves. If I have very short periods, or
high frequen~ies, then I will have very short waves, and it
is often possihle for those waves to be small, compared to
the characteristic dimension of a stracture.

in the early description, I emphasized the point
that you can describe a motion either in terms of displacement,
or velocity or acceleration. I also indicated that those
can be related., In general, the relationship is not simple,
but for the purpose of the maximum of those motions, that is,
the maximum velocity ones right here, or the maximum
displacement ones clear over there, the relationship for a
given period of vibration is in fact quite simple.

That is, I can relate displacement, velocity and
acceleration by noting that the velocity, maximum velocity, is
equal to 2 pi, divided by the period, times the displacement,
and the maximum acceleration is 2 pi divided by the period,
times the velocity.

Now, as you notice that progression, from
displacement, velocity, acceleration, it is clear that if you
wish to do so, if I give you any two of the four quantities,
period, displacement, velocity, acceleration, you could very
readily compute the other two, and if you wished to do that,

that would be fine. You do not, however, have to do that,
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because if you will notice these, the form of these equations

are power functions.

Power functions plot as straight lines oun log log
paper, and therefore, it is very simple to plot on what
appears to be a very complex plot, and I am going to simplify
it very fast, and John, would you =-- since these zeroxes don't
really do the job they should, I am giving you an original,
and it is blank, of that paper, so that if you wish to follow
this more closely, it would be convenient to do so.

This paper, which i« called harmonic or
tripartite or spectrum paper is a display of period across the
bottom, displacement moving from the lower left to the upper
right, velocity from the bottom to the top, and acceleration
from the lower right to the upper left, and to read any one
point, for example this one here, we read the period off the
bottom, this is one second, we read the displacement off this
axis, and that is two inches per second, and the velocity off
this one -- I am sorry, that is two inches =-- the velocity off
this one, that is 12 inches per second, and the acceleration
off this one, and that is two-tenths of a G. It is a simple
way of relating these four fundamental quantities, period,
displacement, velocity, and acceleration, without having to go
through the process of making that calculation, which even
though it is quite simple, you usually make a mistake about

one every six calculations, so this is just a simple way of
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doing that.

Okay. So far, then, we have discussed the
fundamental quantities. Wwe have discussed the relationship.
we have discussed this very useful nomographic display of thosJ
quantities. How do we relate those things to earthquake
engineering?

LLet me show you a rather typical earthquake record.
Dr. Smith in a very short time will discuss these in more
detail with vou. It is obvious, I am sure, as you look at
this, that this -- something is happening here that is
different from something that is happening there. As you look
at it, you could get a feel for the periods or the freguencies
involved, but not a very satisfactory feel, and you could also
note that it would appear that the maximum acceleration on
this particular record is about a quarter G, and upon just an
inspection of that record, that is about all you could
determine from it.

There are wvays of determining a great deal more
‘rom it, and those involve using this record to generate an
unique spectrum which represents proper.ies of that record.
Now, there are many different kinds of spectra, the Fourier,
response, all I am going to talk about is response spectra.

It is the particular one that is used by seismologists and
engineers to study ground motions, and in somewhat altered

form, by engineers to design and to analyze structures.
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I would like to demonstrate for you bu using -+

by this little device. I can vibrate this in such a way that
these little elements will respond quite differently.

For example, if I move this back and forth slowly, then the
ones which have natural periods which are very short -- or very
long, will tend to respond more than the ones which are stiff
and have short natural periods.

On the other hand, and by the way, I could now
draw, for the motions I have just given this, its spectrum.
Its spectrum would be almost no motion here, and very large
motions for these. If I then vibrate it at somewhat of a
higher frequency. then the spectrum would be almost none here,
very high there, lower, and lower, annd lower, for the others.

So the spectrum, then is a way of displaying in
a convenient form how structures of various natural periods
will respond to certain input motions. The motions that I
have shown you are ones that are nice and reqular, like the
ones that I had in the earlier sketches, but I could also do
the same thincg mathematically for some sort of a very
irreqular motion, and draw the spectrum for that particular
irreqular motion,; going in to these series of different
structures, with different natural periods.

That calculation is ve. r simple mathematically,
and when it is done, you have a result that has certain

properties:




h e W W

10
1
12
13
4
15
16
17
18

19

21
22

e

25

1165
Here, as the jagged line, is the response

spectrum for that particular earthquake record that you saw
just a little while ago, and that response spectrum has upon
it a great deal of information. Let us try to walk through
and see what it tells us,.

First of all, those structures which have very
short periods, that is very high natural frequencies, for
example, one like this. If I subject that to motions that
are low, you notice it is hardly moving, except to respond
almost rigidly to what I am doing to the base, and that is
true also for eartiuakes, that is, the very short period
motions do not amplify and rather faithfully reproduce what
is going on in the ground around it. We call that, because
it is short periods, the "zero period acceleration," which
corresponds to the peak ground accelerations.

So we will be using two terms: the "zero period
acceleration,” in the referring to the spectrum, or the
"peak around acceleration," when you are referring to the
time history that we had on earlier, two terms, sometimes
synonymous.

You will also notice that we could probably gain
a great deal more information, if you would eliminate, for
purposes of discussion the jagged nature of the spectrum, and
instead smooth it in some way that we could mutually agree

upon, and perhaps talk about it in that simpler form.
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For purposes of this discussion, I have done

that as show here, and when you duv that, you €find a
characteristic shape that you find in virtually all
earthquake spectra. That is, you will notice there is a
plateau which is almost constant velocity, here 10 inches
per second. You will notice there is also a plateau which
is almost constant acceleration, and one which is almost
constant displacement.

And then, in transition between the short period
ground motion, and the acceleration plateau there is a
distinct rim, We call that the "acceleration rim." And the
ratio between the acceleration plateau and the zero period
acceleration is called the "dynamic amplification ratio,"”
that is, it is the amount by which that structure would
amplify what I put in down at the bottom.

I am putting in a very small motion here, and it
is being amplified to a larce one here. So that is what the
dynamic amplification ratio is.

Okay, we have gone from a rather complicated
earthquake record to a somewhat less complicated spectrum
and then to a very simple spectrum,

Now, how do we go from that, which represents
the earthquake to something that represents the motions of a
structure, so that we can design or anslyze that structure?

In nrder to do that, wr have to understand a few
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of the physical principles which govern the behavior of

structures when they are subjected to dynamic loads.

These principles all speak to the response of a
structure being equal to or less than the amplified response
spectrum that we were just discussing, and T am going to go
through with you the reasons for that:

At short periods, several things affect the
response of structures, compared to the response of the
free field: The plan dimensions of the building, the depth
of the structure, certain non-linearities in the structure
performance, and also the mass of the mass of the structure.

With respect to plan dimensions, there are
probably two things that are important: One is the wave
length of the incoming waves, compared to the size of the
structure itself, and you might put into your mind's eye the
difference in response between an ocean liner and a rowboat
when subjected to water waves.

If the structure is large, with respect tc the
wave lengths of the incoming waves; if the structure is rigid
then it will not respond exactly to those waves, but instead
to some kind of an average of v+hat those waves might be.

MR, WHARTON: May I interrupt a second, Your Honor

I had not anticiated getting into this area at
all. This is one of the things that was litigated -- this

question, at Diablo Canyon, it is the tau effect. I don't
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think that it is proper, because it is seemingly part of

Mr. McNeill's, and I just think this is a controversial area
as to whether it applies or not. This is not general. This
is not the kind of thing that I was talking about or thinking
about, when I agreed to a general overview of seismology.

JUDGE KELLEY: Any comment?

MR, PIGOTT: Yes, this is not related to any
particular poir* of the testimony, but the testimony does
reflect these various principles. I think it is esscntial
that the Board understand them. What is being put in now
is not being put in for the purpose of being relied on in
the decision. It is b~‘no put in for the purpose of general
education. If it is never used by the Board, chalk it up to
extra knowledge, but I do not believe it goes beyond the
scope of the contentions, in that it is part of the testimony,
and this is explaining how you get to it.

I see nothina con’ roversial about pointing out,
tor irstance, that a rowboat responds differently than an
ocean liner to the waves around it., And we are not saying
how high the rowboat is going to bob, and how still the
ocean liner is going to be, but we are pointing out natural
phenomena that should be considered by the Board, when they
are looking at this testimony.

JUDGE KFLLEY: Well, I think the presentation is

generally helpful., It is very difficult to parse out minute
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segments and five-minute segments. It is not coming in as

evidence, and on that basis, I am going to overrule your
oL jection, Mr, Wharton.

If you will continue, Dr. Mc Neil.

MR. MC NEILL: Thank you.

So, in summary, with respect te that point,
structures behave at something less than the ground motions
for wavelengths which are short, compared to the size of
th~ structure, provided the structure is rigid.

I should also point out to you that the structure
is being excited by the ground around it, but the structure
itself has a response, and it is therefore radiating energy
back into the ground, as it goes throuch its vibrations.

Some of that energy participates in the motion of the structur7,
but some of it, and in some cases, a great deal of it simply
radiates away into the ground, and never returns to
participate in those structural motions.

Fortunately, the mathematics of that type of
radiation turn out to be a simple damping term, just as we
had discussed for the little discreet particle.

So as that spatial damping varies as a function of
the planned dimensions of a structure, the larger you make the
structure, holding everything else constant, than the large
is that spatial damping, and the more the damping, in the

range of periods that you work with on structures such as
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nuclear reactors, the less is the response. So that due to

the plane dimensions of the structure, the two effects:
wavelength and spatial damping, both speak to a lessening
of a motion, compared to that in the aground around the structuj

In addition, if the structure is burried, its
depth has some effect in that the amplitudes vary with depth,
so that again there is a sort of an averaging going on, and
due to the presence of the boundary of the ground surface and
also of the structure, there is a scattering of waves, which
also probably leads to some sort of an averaging process.

In engineering, we try to keep the arithmetic
simple, so we assume that structures are linearly elastic.

In point of fact, they are not, and there is a great deal
of recent research that indicate that that is not so.

If one addresses that particular situation, one
beccmes aware it is apparent that the non-linearities
consume energy, as in damping, and also have the effect of
slightly decreasinag the inertial loads.

The effect of mass is generally to increase the
spatial damping, because given a structure of a given size,
if you increase the mass, you increase that spatial damping,
and therefore tend to decrease the response.

Now, those are the aspects of structural response

that apply to short periods. There are some aspects that also

[e .

apply to all periods. For example, we analyze earthquake
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waves as if they were exactly plane and propacating an almost

idealized sense, but in point of fact, that wavefront is
probably very incoherent, because it is bounced around, it
has gone throuch materials that are anything but homogenous
and if there is incoherence in that wave, then there will
again be some sort of an averaging effect. I don't know how
to account for it, but as a physical principle, it must
exist.

And then further, if one were to allow a little
bit of springiness to the structure, then that ductility
would also consume enerqgy and decrease the inertial load,
and I should tell you that in my understancdin: o. contemporary
design of nuclear reactors, ductility, in general, i3 not
called upon in design, but I mention it just so that the list
is reasonably complete for you.

Now, we can quantify some of these. There are
ways of calculating the wavelength effect. There is a certain
way of calculating a spatial damping effect. There are ways
of estimating the scattering and varying amplitudes effects
of burried structures, but in general it seems better, until
these are quite secure, both theoretically, and from the
standpoint of demonstration in the field, to use field
data, and we can make estimates of these, as I will now do
for you.

Before I do, however, I just wanted to show you
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in general what the difference between an instrumental

spectrum and a design spectrum for a very large structure
might look like, and this is calculated using the methods of
NUREG 0098, This would be -~ and this is just a casual
example. It has nothing to do with Units 2 and 3.

This is the instrumental spectrum, and then follow]
the methods of NURFEG 0098, this would be a design spectrum
for a very larce structure for which a minor amount of
yielding or ductility might be allowed.

So the differences in some cases can be
appreciable. In other «ase, for small structures, not
appreciable.

MR, WHARTON: I am goina to have to raise an
objection again., Mr. McNeill is arguing their case, at
this point. I have to object, and I am very upset with
putting Mr. McNeill on to essentially arque the case. This
is not what I agreed to.

JUDGE KELLEY: Well, I must say that the
transparency now up seems to me to be pretty far away
from the issues here. We explicitly rejected some design
issues in this case, and I think if you could foreshorten this
portion -- I don't see how the discussion of that transparency
will assist us in what we have before us, in the way ox
geological, seismoloaical issues. When a plant will break, is

just not in this case, at this point.

\ng
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MR. PIGOTT: I don't think this goes to when a

plant will break., Just to be clear about this, we are not
getting into the structures. We are getting into some of the
considerations that go into moving from this free field, as
it has been described, to the design basis, your design
spectrum, and the question is whether or not these design
criteria are adequate or inadequate.

This shows some of the elements, without
quantifying or discussing that allow you to say that the
design is adegquate. There is a difference, as has been
pointed out, between the free field and the design spectrum.
The desion spectrum is what it is being built for. We are
not going beyond the design spectrum, as to whether or not
it has been built to that. That is a different question. But
getting from th: free field motion to that criteria is a part
of this case, and it is a part of the case that we have done it
and that we have done it with margins of conservatism and some
ade.uacy, and these are the things that go into it, and they
just have to be discussed.

Now, if we come close to what Mr. Wharton may
think is in issue, we are not here to talk about irrelevancies
we are here to talk about the theories that will be generally
applied one way or anolher, and that is the attempt, to
acquaint the Poard with the general area.

JUDGE KELLEY: I didn't think we were getting into
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what issue would that come before?

MR. PIGOTT: Well, the issue that we have been
talking about now: whether or not given a maximum MS 7 -- I
can't remember the words now, exictly -- assignment of a
MS 7 renders the design basis inadequate. The design basis
is that design spectrum. Is that inadequate, given the
activity of an MS 7 out there in the zone. You have got to
somehow or other get it from the fault to the site, and that
is what we are doing, and once you get it to the site: What
is the shape of your design spectrum? What do you look at
when you go into that design spectrum?

I'e are not quantifying anything. We are just
going throucgh the considerations that the Board should
be aware of and iiave some familiarity with, and there is
absolutely no attempt to try the case here.

As far as I am concerned, we filed our direct, and
we have covered the case. We don't feel the need to argue
further, and we are not doing that.

MR. CHANDLER: Mr, Chairman, if I may?

JUDGE KELLEY: Yes, Mr. Chariler

MR, CHANDLER: I think that we are at a point
here where I think we probably have ¢ xceeded the bounds of
what I understood we were going to be hearing this morning.

I think whether it is appropriate for the tescimon

Y
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or nct, is irrelevant for purposes of this presentation

right now. I understood the Poard was desirous of acquiring
some fundamental knowledge with respect to seismology. I
think we have crossed those bounds and gotten into the
engineering aspects of seismology, and without suggesting
whether or not I nonsider that appropriate for the testimony,
I think it goes keyond what I think the Board was requesting
for its presentation this morning.

JUDGE KELLEY: Thank you, Mr. Chandler, I would
essentially agree with your comment.

Mr. Pigott, I would suggest that we foreshorten
the engineering portion of this, and move ahead into the
what I will call the seismologial portion.

MR. PIGGOT: That is fine with me.

Let me ask Dr. McNeill if there are further
subjects ahead that you would like to skip to?

MR. MC NEILL: Well, I am almost finished. I was
going to cover two point that I was just getting into here,
and that is what the true conservatisms are, and I can drop
that, and then I was going to go over some criteria that I
felt might be beneficial for the comparison and evaluation
of spectra, and that was the end that I had.

MR, PIGOTT: Perhaps we could slip to the last.

I recognize Intervenors apparently don't want an

education here, but if we could skip to that last point.
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MP, MC NEILL: All right. It is the typed slide.

(Slide projected)

MR. MC NEILL: Whenever one has a spectrum that
is being used for the design of the structure, there is quite
naturally an apetite to compare that spectrum to actual dato
reported from earthquakes, and I heartily endorse that process
and think it should be dnne.

1f you 4o make such a comparison and find that the
spectrum has exceeded a number of times by u number of
marthquakes, then I think you have to be concerned that maybe
the spectrum is maybe too low. On the other hand, if yoa
make a number of comparisons, and it is not exceeded, then you
probably should be concerr.ed that maybe it is too high, and
somebody's money is being wasted.

I think those comparisons are best made is one
adheres to at least these ceven criteria, that is the spectra
certainly should be of the same type.

We have already spoken of response. Those are
the only ones that I think engineers really use, and those
are the only ones that I have prepared.

The spectra beinag compared really should be
in the instrumental form, not in the design form, a.d you
could make a comparison of a design to an instrumental
spectra if you wished to do so. That is an incorrect, brt

nevertheless conservative process, and if the comparison
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shows the instrumental to lie below the design, then the

design is probably all right. 1If it lies above, that
certainly should be looked into more closely before conclusion$
are to be drawn.

The spectra, of course, should be for the same
damping. The effect of damping, as I mentioned earlier, is
generally to lower those spec*ral values, and so the
comparison should be done on apples-for-apples basis.

They really should be from earthquakes of the
same magnitude, but we don't really have all that many
earthquake data, so we sometimes have to scale from different
magnitudes, and the scaling should be done in a consistent
way, but probably not over too broad a range. In my practice,
I try to stay within the magnitude of what it is I am concerneg
with. Sometimes you don't have the data to do that.

The spectra being compared should be recorded
standing at the same distance, or they should be sc.led to
represent the same distance, and the distance scale of
whatever it is -- it doesn't really make much difference --
should bc Aone in a consistent manner, and I know how to spell
"measured,"” even though the typist may not.

They should also be for earthquakes of the same
style of faulting, and since Dr. Smith is going to offer a
tutorial on that, I will! not dwell on that point; the same

with the fact that they probably should be from carthquakes
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in the same tectonic setting, and again, since Dr. Smith

is going to deal with that, I will leave that to him.
That is the end of the tntorial material that I
had prepared. I would be happy to be available for questions.
JUDGF KELLEY: Thank you very much, Doctor.

/ /7
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MR. PIGOTT: As Dr. Smith is preparing to start,

it may or may not he appropriate to afford the Board a copy
of a particular book, recommended reading for this course,
I gvess. It is "Earthaquakes: A Primer," by Bruce A. Bolt.
We can lodge copies with the BRoard and each of the parties, if
that is of benefit. I leave that strictly to the Board.

JUDGE KFLLEY: It is an excellent book. I would
love another copy. It was the beginning of wisdom for me.

Fine, we would like to have a copy.

MR, PIGOTT: It will take just a second to
rearrange.

JUDGE KELLEY: Mr. Pigott, are you ready?

MR. PIGOTT: Ready.

DR. STEWART SMITH: My purpose is to explain--

MR. WHARTON: Mr. Chairman, I wanted to see if
Dr. Brune had any comments to what Dr. McNeill just presented.
He has some comments regarding it, and I think it would be
appropriate if he was &ble to just state a few of them at this
point.

JUDGE KELLEY Yes, it seems to me that if we
have three different peop.s presenting, then at the conclusion
of each one, if you want, axrd the Staff, too, if you want to

make comments.

If you have com.onts about the first presentation,

Dr. Brune, why don't you go ahead.
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DR. BRUNE: Well, on the point we were just

discussing about the building response, I am not a structural
engineer, so I am here as a seismologist, but it is my
impression, from being at the Diablo Canyon hearings, and talki
with engineers, and so forth, that the whole guestion about
the building response that was presented, that is, how much thqg
building foundation averages, how much the size of the building
averages, exactly how the building responds, and wheter the
stresses get amplified in accelerations, and so forth, is a
gquestion that is uncertain, and was litigated at Diablo
Canyon.

One of cthe questions at Diablo Canyon was in fact
why during the Tmperial Valley 1979 earthquake, the foundation
in the Imperial County Services Building had a higher
acceleration than the ground outside, and there were a lot of
arguments presented pro and con, because my understanding of
it is that traditional engineering assumptions were that the
base of the building would not respond as much as the ground
on the outside, and it went the other way. And that question
was arqued pro and con.

MR. PIGOTT: I might point out to the Board that
we do have a decision of which you can take notice: ALAB --
the number I can't remember, coming out of Diablo Canyon, and

discussing and resolving a number of those issues, and I

ng

believe we will provide to the Board a copy of that, for whateyer
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of a giant carp beneath the Japanese islands that would

occasionally move and subject the ground to great shaking.

Farthaquakes in fact occur on a worldwide basis,
in a highly organized fashion.

(Slide shown)

This is a global view of earthquake occurrences,
with each black dot on here represents an earthquake location
and you can see the outlines of the major continents:

North America, South America, Africa, Australia.

In this particular projection, we are looking
somewhat from the South Pole.

We see that the vast majority of the world's
earthguakes occur around the Pacific, where these black dots
are highly concentrated, and we see an interesting pattern of
earthquakes ir. the middle of oceans, such as in the Atlantic
Ocean between Europe and North America. There is a string of
earthquakes following right down what is called the
Mid-Atlantic Ridge, and on closer inspection, we see that the
entire Earth is divided into a mosaic of building blocks, what
we call "paltes,” and earthquakes occur at the margins of
these plates.

JUNGE KELLEY: Excuse me, Doctor, is this tectonic
plate theory, is that now universally accepted by
seismologists and geologists?

DR, SMI%.. Yes.
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This shows in more detail some of the specific

plates and the arrows indicate the direction of motion of
the plates.

One of the plates that we are concerned with in
Western North America is the Pacific Palte, which essentially
encompasses the entire Pacific Ocean region. We are right
now sitting on the North American Plate. The North American
Continent rides upon this plate. The plate itself goes clear
to the middle of the Atlantic Ocean.

Vclcanoes and earthquakes are clearly related
to the plate motion and I would point out that if a plate
such as this is to move and produce earthguakes on its
margins -- if the plate moves, obviously, you have to have --
if the plate is moving in this direction, that means that
part of the plate has to disappear at this end, and sone
new part of the plate must be generated down here, because
the Ea.th is, of course, of fixed size. And if the plates are
moving with respect to each other, than some of the
boundaries will be consumed and others will be generating
new material for the plate.

This is a closer look at a simplified view of the
major elements of plate tectonics, as they apply to
seismology.

Here we have a perspective drawing, a representa-

tion of a plate that is moving in this direction. Material
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from the mantle of the Earth is being injected along what

we call a spreading center, or a ridge. This would correspond
to the Mid-Atlantic Ridge, for example, where new material is
coming out of the interior of the Farth.

The plate moves away, and as I mentioned, at
the other boundary, something has to happen. It has to be
consumed or disappear in some fashion, and what happens
is it dives down into what is called a subduction zone.

Since there are numernus plates and w2 are on
a sphere, these plates must have edges, and an edce is
represented in this fashion. So what we are looking at here
are the three major elements of plate tectonics: spreading
centers, subduction zones, and plate edges, which we rall
transform faults.

In general, we see small to moderate sized
earthquakes on the ocesn ridges, because there the material
in what we call the Earth's lithosphere is hot, thin and weak,
and they don't seem to be capable of generating great
earthquakes.

The world's largest earthquakes appear to occur
on subduction zones, where the lithosphere is -- it has
progressed from here to here and it has been cooling along
the way, and it has gotten thicker and stronger and there is
a large surface area involved, so we appear to have very

large earthquakes on subduction zones, such as in the coast
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of Chile, or the Aleutian Islands, or Japan.

Transform faults appear to have intermediate
size earthquakes, althouch some of them, such as the
San Andreas may have earthquakes comparable in size to the
largest on subductions, although generally -- In a generalized
sense, this is the kind of plate boundary we are dealing with
in California.

Now, in order to go through a list of terms that
we use, let me just mention briefly -- I have already
implicitly used the concept of an epicenter. An epicenter is
the location of an earthquake. It is the point on the
Farth's surface above where the earthcuake occurs. So the
map I showed you with the black dots on it, those are in fact
epicenters. Now, earthquakes are not points; as you might
guess from this kind of figure, if a large section of this
subduction zone were to slip suddenly, causing an earthquake,
the earthquake should be described as a volume or an area
source that might be quite large. But nonetheless, we
represent that as a point on a map. The epicenter is
generally viewed as the point of the initiation of the
rupture that subsequently occurred.

The rupture might take many seconds, but when
we plot a point aand call it an epicenter, it is the first
point of rupture.

Hypoce .er is simply a three-dimensional
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description ~- actually four-dimensioral, including the

space, spatial location of the earthaquake, and the time.

Now, what does a seismologist measure?

JUDGE KELLEY: Did you say the epicenter is on
the surface--

DR. SMITH: That is right.

JUDGE KELLEY: --where the rupture occurs?

DR. SMITH: It is the point on the surface above
where the first point of rupture occurred.

JUDGE KELLEY: What if there is no rupture on
the surface? Then there is no epicenter?

DR. SMITE: No, the rupture may be burried deep
in the Farth, and the rupture might initiate at the point
here. We would project that point to the surface, and plot
that on a map. That is called the epicenter, projected
vertically upward.

So, for example, in a case of a rupture like
this that might break throuch to the surface, if the -- 1if
the point of initiation were deep on the fault and the rupture
eventually filled out this area, the epicenter would be here,
vertically above that point of first rupture, but the actual
fault might break the surface some distance away, depending
on the orientation of the fault plane.

Now, let me say a word about P waves and S waves,

because they are going to come up in a number of different
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contexts:

The first context will be in the measurement of
magnitude. What I am showing you here is a representation of
a seismogram. A seismogram is a wiggly line which describes
how the ground moves. It is what Dr. McNeill was describing
earlier. This is at a particular point. This is from one
particular station and we are watching what happens as time
increases. We are watching the shaking of the ground change,
as time increases.

The first arriving wave we call the "P wave."

It is a compressional wave. "Compressional wave" is like a
sound wave in the air, where the particle motion associated
with the wave motion, the wave motion with my voice travelling
to you is going in that direction, and if you were to

examine the air molecules, you would find they were

vibrating back and forth in the direction between where I

am speaking and where you are receiving. It is sometines
called a longitudinal wave, but we will refer to them as

"P waves.,"

They have the fastest velocity in the Earth, and
so they are always the first arriving wave. So before an
earthquake, we have no ground motion whatsoever, and we can
be confident that the very first motion that we see in a
seismogram will be associated with a P wave.

Shear waves are--
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JUDGE KELLEY: Excuse me, do P waves travel

underground?

DR. SMITH: Yes, they travel underground. They
travel a path of least time, so for example to travel between
California and Furope, they would seek a deep path that might
go tbrough the core of the Farth.

Later on we will talk about surface waves, which
would take a different route travelling along the curvature
of the Earth between here and Furope.

Since the velocity of the Farth increases with
depth, we ofter find that the fastest route that a wave will
seek out will be to go to some depth, and then return back
to the surface.

An S wave is a shear wave, is a transverse wave,
and an easy way to visualize that is the motion you might see
on a telephoie wire between two poles, when a bird lands. You
will see a distrubance where the bird lands, and you will
watch that disturbance travel down the wire. Now, if you
were to look carefully at the movement of the wire, you
would find that the particles were not moving in the direction
the wave was moviro,

In the analogy of the telephone wire, you would
find that the actual movement of the wire was up and down,
after the bird landed, but nonetheless, the disturbance was

travelling along the wire. So this is a transverse wave.
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The direction of particle motion is perpendicular to the

direction the wave disturbance is travelling. These waves
always travel slower than compressional waves. So they always
arrive later in the seismogram.

In a general way, we find that the shear waves
are the largest contributor to horizontal shaking, and thus
typically are the onse that are most crucial in considerations
of oround motion for engineering purposes.

We find that often, under certain circumstances
that may be discussed later in this proceeding, the vertical
motion will be controlled by the compressional wave.

Now, in a moment I am going to describe one other
type of wave, the surface wave, but ri-. "+ for now -- Yes,
let me do this:

The slowest waves of all -- Most of the figures,
by the wav, are from the little primer by Bruce Bolt that you
have on the desk.

Here is another example of a seismogram. Simply
focus on this line herc. This represents “he motion in a
very distant earthquake, and we see as time increases -- this
is one minute from here to here -- first disturbances of
P wave, or compressional wave, several minutes later, the sheafr
wave arrives. Now, the further away the earthquake is, the
areater the distance between the P and the S waves, because

their velocities are different., 1If yc. are wvery close to an
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earthquake, the P and the S waves will arrive very close to

each other.

Some time following the shear wave, we often see
a very large and long period disturbance that is the surface
wave. These waves will be important in our discussion of
magnitude in a moment. These waves do not travel tae most
rapid path between the source and the receiver. They, of
necessity, will follow the surface. The wave motion is of
the type that is controlled by the boundary conditions at
the surface of the FEarth, and so they will always travel
along the surface, and thus take considerably longer to
get from the source to the receiver than the P or the S waves.

Well, we need to characterize the size of --
whenever wa say "earthquake size" you might put qgoutes
around it, and we use ‘he term "size" as a general way of
reflecting the fact that earthquakes really do come in
different sizes, but how you characterize it may depend upon
your objective. Our objectives in a proceeding like this are
ultimately to charcterize the earthquake in terms of the
ground motion that is produced, but there are other reasons
for characterizing earthquake sizes, so let me run through
the types of magnitudes that are used to measure earthquakes:

The first and historically it was the first
developed, by Richter, the so-called "local magnitude." It

is designated: My and the "1" stands for "local magnitude."”
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It was developed in Southern California, and the procedure is

a very simple one. Dr. Richter simply noticed that if he
plotted the peak motion on a particular kind of seismograph
recording, a Wood-Anderson Seismograph, if you plotted that
as a function of distance, he found a consistent pattern that
allowed him to introduce a perameter to describe the differencT
in sizes between earthquakes. FHe had no direct physical =--
at the outset, there was r> direct physircal interpretation of
this. It was simply a convenience of putting earthquakes in
aifferent .ize baskets, saying "these are big earthquakes,
and these are small earthquakes." It was a way of getting

a h 1ile on the statistical variation of earthquakes.

It is a logarithmic measure, and just for your
interest, the equation by which one calculates magnitude from
a seismogram can be grarhically illustrated, and that is
shown here., One would take the peak motion, in this case,

23 millimeters -- this represents 23 millimeters of motion.
One enters that number here on this graphical equation
solver., We put in the distance that this seisnograph was
recorded, ccnnect them with a straight line, an uic*
intercepts this scale, ani leaves us a value of the local
magnitude. This is essentially equivalent to plugging the
numbers intc an equation.

In passing, I would note that this scale is

de "ined only for relatively close in distances to earthquakes,
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certainly wtihin 400 kilometers. One could not use the local

magnitude to measure the size of an earthquake in South America,

as recorded in California. It is simply outside the range
of definition of this measure.

Pecause it is used locally and close in, the peak
motions tend to be controlled by the shorter periods, the
higher frequencies. There are some drawbacks to *he local
magnitude scale which is one of the reasons that so many
other magnitude scales have developed.

A




,andix o text that you have
of other types magni tudes.

back to the seismogram I mentioned earlier,

wave magnitude designated by my,, which is valid in
great discances beyond several thousand kilometers. Where one
maasures the ground motion associated with the P wave,
calculates -- Oom a seismogram -- calculates what the actual
jround motion would have been, in microns, and calculates the
period of the P wave and enters a formula such as this to

calculate the hody wave magnitude.

This particular seismogram at this distance vields

a body wave magnitude of 5.3, for example.

An alternative proc the surface wave magni-

-- designated by Mg - is measured from the peak motion

of the surface wave train at a period of 20 seconds. In this
wave train there are various periods from longer to shorter
in here and vy seek the particular part of this wave train
that way this magni-

ude 1s d d - measure that amplitude and

formula, logarithm of the amplitude, a distance correction,

for this seismogram that vields a magnitude of

illustrates that

you can get different magnitude estimates

the same eartnquake and they are both valid.

The primary difference between the body wav

the surface wave magnitude that I would point

out here
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the body wave magnitude is typically measured at periods of

about one second or between one second and five seconds. So
it is a relatively short period. It is still long compared
to the motions of interest for engineering, which would be

a tenth of a second period, say, or 10 cycles per second.

Nonetheless, it is shorter than the longer periods
that are present in surface waves, 20 second waves. A twenty-
second oscillation is indeed a very slow oscillation.

There are several other types of magnitude measures
based on energy and there is one in particular that I am going
to come to based on seismic moment. But first let me say
something about the origin of the physical process involved
in . arthquakes.

JUDGE KELLEY: Could I ask ycu a question? This
morning's San Diego paper has a story about yesterday's
testimony in which there was some testimony about maximum
earthquake size, and I believe thL. . the witnesses were talking
about surface wave magnitude -- Mg 7, let's say. The paper
speaks of 7 on the Richter scale. Now is the Richter scale
of any precise meaning? I think most members of the public
think of that as the way to measure earthquakes. And if so,
what is it?

MR. SMITH: Well, the Richter scale would refer
to M,, the local magniti .. Sc that was strictly speaking an

incorrect quote in the paper. Below about magnitude 6, it
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really doesn't matter. All of these scales are comparable

kinds of numbers. But when we get to larger earthquakes there
begin to be significant departures.

As I said at the outset, earthquakes are not a
magical or a supernatural feature. They are related to plate
movement. They are the subrelease of stress in the earth's
crust or lower parts of the earth. This will lead us in a
moment to another term that is used commonly by seismologists,
stress drop. I am not going to go into great detail on this
because I don't think it is appropriate right now. I simply
want to point out that if it weren't for stresses in the
earth we wouldn't have earthquakes. This figure illustrates
some of the kinds of features one might see in response to
compressional stresses. One might see folding like that,
thrust faulting, where each of these boundaries here is a
thrust fault. We might see a thickening of this kind.

In tension we would find rifting or pulling apart
of blocks of the earth. If that pulls apart in that fashion
i: is likely. In some circumstances we would get downdropping.
These would be called normal faults. We might also get
thinning in response to the tension. The thing is not on this
figure would be to illustrate the plate edges or transform
faults or response to shear.

But basically, there are three types of faulting:

thrusting, normal faulting, and shear faulting.
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JUDGE KELLEY: We have heard the term "strike

slip" quite a bit. Could you tell us exactly what that is?

MR. SMITH: R'ght. A shear fault would be a strike
slip fault. A strike of a fault is basically the direction,
the geographic direction that the fault -- that the intersec-
tion of the fault with the surface of the earth points in.
So if we have a fault surface like this, it would intersect
the surface along a line like that and that direction would
be called the strike of the fault. A strike slip earthquake
is one whose slip is in the direction of strike. And it can
be either left lateral or right lateral, depending on the
sense of motion.

JUDGE XELLEY: What is a dip slip fault? Maybe
you are coming to that.

MR. SMITH: Yes. This would be a dip slip fault,
I should say, is the geographic direction -- it is the angle
that the fault makes with the surface of the earth measured
from the horizontal downward and it includes both that angle
and the direction of it. So we might refer to a fault that
is striking north, for example -- I am disoriented. I don't
know which way north is -- a fault is striking north and it
is inclined in this fashion, the dip would be described as say
20 degrees to the east.

So a dip slip fault is one whose slip is in the

direction of dip. And such a normal fault here would be a
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dip slip fault. Strictly speaking, one can refer to a thrust

fault also as a dip slip fault, although that is typically not
done.

Now if an earthquake is stress release, you must
have a buildup of stress prior to the earthquake. Stress drop
in simplest terms is basically the difference between the
stress levels before and after an earthquake. To illustrate
that I might stress this glass. Th2re is a certain level of
stress in here now, and an earthquake represents the point
when the earth's crust reaches the point of failure and a
crack or fault occurs. Let the record show that it was a
plastic glass that I cracked.

After this crack has occurred, there is a different
level of stress in there. The difference between those is
what we call the stress drop. There are some fairly -- highly
esoteric kinds of definitions of stresses i1 volved in
representing earthquake ruptures that I will not go into at
this point.

JUDGE KELLEY: I have seen the term "bar".

MR. SMITH: A bar is a measure of stress. You can
think of a bar as synonymous with one atmosphere of pressure.
It is about 15 pounds per square inch. In terms of an
atmospheric analogy, it is the pressure that the atmosphere
is pushing down on the ground. We don't think of that --

that is not a shear stress, however, but the dimensions are
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the same.

JUDGE KEILLEY: 1Is there some way to measure the
amount of stress on & particular fault so as to predict when
it is about to go?

MR. SMITH: That is the subject of a great deal
of important and current research. There is presently no
direct way to measure the stress level prior to an earthguake.
We can, however, measure some of the properties of earthquake
sources that occur as the rupture is going on and from which
we can infer -- I stress the point -~ infer what the level of
stress is. But there is no direct -- youmn measure strain
in here but you cannot measure stress directly.

JUDGE KELLEY: What is the difference?

MR. SMITH: Strain is the deformation. For
example, getting back to the glass, if you are looking at this
glass and it is that shape, if you knew that I squeezed it
you would know that it stressed. But suppose that I had
prior to coming in here held this in a candle and heated it
up until it had taken on this shape and then showed it to you.
You wouldn't know whether it was stressed or not, and in
fact it wouldnot be read, to break because that would be its
normal shape. You can measure deformation as it proceeds in
the earth, but you can't measure stress.

JUDGE JOHNSON: Before you go on, we heard yester-

day that listric normal faults, the term was used fairly
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frequently.

MR. SMITH: I think it would be much clearer if
we could just have a really short statement from Perry Ehlig
about listric normal faults. They are a special kind of
configuration of faults. But in general, they are dip slip
faults. Would that be --

MR. EHLIG: Any fault that changes its dip with
depth, that curves, can be said to be listric. In the case
of a listric normal fault, it starts out rather steeply in-
clined at the surface and flattens down. That is the
characteristic feature. So it becomes a very flatly inclined
surface at depth.

MR. WHARTON: Could somebody draw that, what they
look like? I think that _. not very clear what that term
is.

JUDGE KELLEY: Let me make a suggestion. It is
just about coffee break time. We've got a big piece of paper
up here and maybe somebody could take a grease pencil and
try their hand at a listric fault. But why don't we take a
15-minute coffee break at this point. 1Is this a good enough
point for you to break off? I don't want to disturb your
train of thought.

MR. SMITH: This is fine.

JUDGE KELLEY: Okay. Let's do that.

(A brief recess)
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JUDGE KELLEY: Could we resume? We broke at the

point where Judge Johnson asked a question about a listric
fault. Dr. Ehlig, is that your listric fault? Can people
see it?

MR. EHLIG: Dave Moore actually drew it. The
characteristic feature of a listric normal fault is that the
fault plane tlattens with depth. Here we show a fault coming
down and flattening with depth. Now at depth the fault is
following a more planar surface that is more gently dipping
than the near surface trace. So that as it moves outward,
it would open up a void space here. I will color red on eithenr
side to show that it would open up a potential void space if
the rocks were strong enough to hold up.

What typically happens, if the rocks are fairly
brittle they will break #long secondary faults here and this
will drop down to form a depressed zone, referred to as a
graben -- I don't know whether that term will come up, but it
is a German term that refers to a downdropped trench-like
zone.

On a listric normal fault in sedimentary materials
it is very common for the material to collapse backwards in
the head area so that you will see the surface drop back in
what is known as reverse drag. Now right nevt to the fault
very commonly, because as it slips down it will drag back,

you will see a little normal drag and then this collapse back
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whereby, if you project the surface over, it may not be offset

significantly, but there will be a large offset right at the
fauit. In many Jistric normal faults there will be many
breaks further out from the most headward part of tne fault.
But that is all it means. There are many examples of these.
The Gulf Coast region has an active zone of faulting that
occurs just inlanu from the coast. They are also referred to
as growth faults because they are géing on synchronous with
sedimentation and the near surface strata show less defcrma-
tion than deep strata.

There they pass beneath the Gulf of Mexico and
have their toe down in the bottom of part of the area of the
Sigby Deep, which is way out in the Gulf. So they are very,
very flat p'anes beneath the Gulf of Mexico. They are active
today but are not seismically active.

JUDGE KELLEY: Tust one point of clarification.
when you say active but not seismically active, what .. the
difference?

MR. EHLIG: They are moving. They disrupt the
ground surface. If you yo to Corpus Christi you can see
where one of the hishwavs has been very nicely deformed, a

number of places where the ground is deformed and structure

has been affected, but there is no seismicity, at least nothin?

that would attract attention as earthquakes.

JUDGE KELLEY: When you say no seismicity, you

)|
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mean there is no significant stress buildup? Is that why one

wouldn't expect an earthquake in connection with one of those
faults?

MR. EHLIG: It is occurring more plasticly than
as a stick slip type mechanism. Actually in landeslides, if
you start to make microrecordings of landslides, you will hear
ground noise that is in essence microearthquakes. But the
magnitude is so low that it is nothing that would attract
anybody's attention.

JULue KELLEY: Thank you. Does that cover your
question?

JUDGE JOHNSON: Yes. One more in pursuit of it.
Is the fact that these move slowly related to their not being
seismic?

MR. EHLIG: On listric normal faults you cannot
conclude just looking at old ones whether it moves slowly or
with earthquakes. It depends upon the type of rock along the
base. It could stick slip and have earthquakes along it.

JUDGE JOHNSON: Thank you.

JUDGE KELLEY: Tkank you. Dr. Smith, do you want
to resume?

MR. SMITH: I guess the next t-ic is seismic
moment. To address this question, I need to go back to some

consideration of the faults which cause earthquakes. The

general description given under the heading "Elastic RebouncuJ
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Theory"” in the little text you have illustrates what happens

generally on the surface of the earth during the build-up
phase of stress and strain and then the sudden release in an
earthquake. An easy way to visualize this is if we had a
fault in the earth -- this is a plan view, now. we are looking
at a map and this is a fault trace. That means there is a
fault surface down beneath the ground. 1If we built a fence
across the fault like that, some years later, going back, if
this fault had been subjected to a shearing kind of strain
like that, some years later we would find that the fence was
deformed like this.

So this is a snapshot in time here. Later on in
time here is another snapshot. We see the fence is deformed
like that. Now we have an earthquake. There is sudden
release. We find the next snapshot in time the fence has
come back roughiy to that position. So the offset on the
fault is this amount here.

Now the amount of off<et that occurs during a
fault has a very large impact on the amount of ground motion
that is recorded at distance. Some other factors are importani
also, however. For example, how rapidly the fault snaps back

is important in determining how the high frequency vibrations

occur. It turns out that the total offset hers controls ¢
amount of very long period vibrations. So if we were to be |

locking at the magnitudes that were produced by an event likng
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this, if someone gave you this sequence of pictures and said

what is the magnitude of the earthquake that produced that,
first you would have to ask what xind of magnitude are you
talking about. If you are asking about the local Richter
magnitude, which is primarily a high frequency kind of
phenomenon, then we would need more information. It would
have to tell you how rapidly this fault motion took place in
order to say something of what the Richter magnitude at high
frequency would be.

On the other hand, you would get a pretty good
handle on what the surface wave magnitude was from this offset.
One other dimension enters into this -- it is not shown on
this figure -- and that is the length of the fault rupture.
Clearly, if now our fault is mapped like that -- again, this
is a plan view map -- and a rupture initiates at this point
and spreads out in this direction, involving this length of
rupture, that is going to also i1nfluence the amount of long
period waves that are generated.

So what is e¢volved is a measure of earthquake
size which is called the seismic moment, which is the product
of the displacement, that is, the slip on the fault, times
the fault area. Tha% is the way of characterizing the strength
of the fault -- the strength of the earthquakes s° ze.

JUDGE KELLEY: You said area?

MR. SMITH: Yes. It is a three-dimensional fault




10
1
12
13
14
15
16
17
18
19
20
21
22
23

24

1205
surface. One would extend this to depth and the moment is

defined as the product of the strength of the materials, the
elastic strength, the rigidity of the materials, times the
average slip -- U bar -- times the area of the fault surface,
which is just the length times the vertical dimension.

This seismic moment also pops out of the mathe-
matical analysis of seismic waves and so it is something that
we can measure from a seismogram. I showed you a seismogram
a moment ago, schematically as a function of time, the ground
motion might involve P waves, S waves. surface waves of varying
periods, 2ad the seismic moment is related to the very longest
period waves that we see in the seismogrum. Sometimes, as
in the recent Imperial Valley earthgquake, one can measure wavesd
with periods of several hundred seconds or even longer. These
waves whose wave length is very long compared to the fault
length and source dimension, can be used to derive the seismic
moment .

S0 seismic moment is an e:tremely important measur4
because it is the one link between geology and seismology.

We can measure it from a seismogram from a distant earthquake,
w2 can look at a seismogram and estimate what the seismic
moment is. A geologist can go in the field and measure the
amoi.nt of slip on the fault, average it over the fault trace,
measure the length of the fault, and infer the depth of the

fault. Thus it is a field measurement that a geologist can
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make. So this is an extremely important concept, seismic

moment, because it links seismic data to geologic data.

/17
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MR. SMITH: And the way to think about it in

seismological terms, that its moment is like another
magnitude scale, except it is applicable only at the very
lungest of periods, periods in excess of hundreds of seconds.

JUDGE HAND: Does that fault have to be exposed
at the surface to get the length of it?

MR, SMITH: Not necessarily. There are other
ways of inferring the lenath of the fault rupture. After a
major earthquake occurs, there are often thousands of after~
shocks that occur within hours and days, and those aftershocks
typically define the plane of rupture, and so there are
indirect ways of getting at the fault rupture dimensions, even
if it doesn't hreak through the surface.

In order to put things on a consistent footing,
a number of seismologists have formally adopted a moment
magnitude scale, which is basically =-- overlaps with the other
definitions of moment at shorter period and smaller earth-
quakes, so that you get about the same number, if it is seven
or it is say six, on the surface wave magnitude scale, it will
also be six on the moment magnitude scale, and then for very
large earthquakes, there start to be departures, which brings
me to the point of magnitude saturation, which was the next
item I was going to discuss, if I had answered your question.

JUDGE KELLEY: Does an earthquake's moment tell

you very much about horizontal ground-shaking?
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MR, SMITH: Not necessarily. It is more a measure

of the fault characteristics. It averages out any short period

jerkiness of the fault, and only tells you about the net effect
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that occurred during the fault process. The fault process
might take tens or even hundreds of seconds, and the moment
tells you about the integrated effect of ail of the things
that went on during that fault rupture process.

JUNGE KELLEY: So it is not necessarily of great
significance in a pro eeding like this?

MR, SMITH: No, it is because of the way a
proceeding like this is structured, namely going from a
fault to a magnitude to ground motion, it can be a very
important ccncept. If you ask the other question, is moment
magnitude a gqood number to use to assess ground motion, I
would have to say no, but in the context of the discussion we

will be in here, it is relevant.

Now, if we were to plot for a number of earthjquakes

their determination, their MS surface wave magnitude
determination on this axis, say we had a 6,0 on the MS scale
here, and on this axis we were to plot the local Richter
magnitude, 6,0 for example, we would find a collection of
points =-- there is a scatter, of course. My first
illustration from the Earthquake Primer showed an example of
an MS 5,3 == 5,0 corresponding to an ML of 5.3, and so there

is a certain scatter here, but in general, the trend is a
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straight line in the lower magnitudes, followed by curvature

in some fashion like this, or saturation such that above some
certain MS value, as the earthquake gets larger in dimensions,
that is, longer fault rupture, longer duration and so forth,
MS increases, hut there is not a corresponding increase in

ML, so there is some kind of upper limit on how big an ML
measurement vou can make, irrespective of the size, quote
unquote, of the earthquake.

The exact point of saturation is not terribly
critical at this point. There are some examples; recent
rewvorking of the San Francisco 1906 earthquake shows that the
ML was probably around 6.9, whereas the magnitude for that
earthquake, that has been published, is roughly equivalent to
a surface wave magnitude, is thought to be about eight and a
quarter, so there can be very large differences in these
magnitude measures for large earthquakes.

Now, the same kind of saturation effect takes
place for MS for very large earthquakes, if you compare it to
the moment magnitude, and that was one of the reasons the
moment magnitude was developed, so as to get a scale that
wou ld not saturate. If you get a longer and longer fault, the
moment magnitude will continue to increase. It doesn't
necessarily mean the ground motion is any different, but it
is a -- it is simply a different measure of earthquake size.

Another term that will undoubtedly be discussed,




10

11

12

13

14

15

16

17

19

20

21

22

23

24

25

1210
and I will just speak very briefly in very simple terms about,

is focusing. One ¢f the early observations from earthquakes
is that the ground motion is not uniform all around the fault,
and as early as 1952, after the Kern County earthquakes, it
was recognized that some kind of dynamic interaction between
a fault rupture and the wave motion was occurring.

In simplest terms, a moment ago, I considered a
fault, which the point of initial rupture was here, and that
the rupture progressed in this direction. Of course, faults
don't behave quite that simply, but for our purposes here,
let us just simply say it started there, and it progressed
smoothly in this direction. You can imagine that if you had
a piece of glass in a lahoratory setting, and you put a little
flaw at one point so as to ensure that that is where the
fracture would start, you sheared it until it reached the
breaking point for that particular flaw, and took high-speed
motion mictures of it, you would see that the crack actually
initiated and travelled in some fashion, in this direction.

Now, so since 1952, a number of seismologists have
been endeavoring to model this type of dynamic fault
process to calculate what the ground motion effects would be,
and there is a wide collection of models; you are going to
near about a number of them at this proceeding.

The general -- the general conclusion is that

focusing is clearly important, in that if a rupture progresses




i0
11
12
13
14
15
16
17
18
19
20
21
22
23
24

25

1211
in this direction, vou are very likely to have larger ground

motion at a site up here than you are down here. Practically
any model that you construct will yield that resuit.

The problem is that simple models of uniform
rupture or simultaneous rupture can produce amplification
factors of tens to hundreds, comparing sites downstream versus
upstream of a rupture, and so reismolog’~¢s have been
struggling with how these models corresrond with actual data.

My conclusion on that is, focusing is important,
along with a number of other effects, and that rather than
being factors of ten and a hundred, it is probably more likely
to be factors between one and two.

MR. WHARTON: Mr, Chairman, this is opinion that
he is giring you with regard to -~

MR, SMITH: Yes, that is my opinion.

MR, WHARTON: =-- focusing, amd we want just
general. This is clearly an opinfon that he would testify
to subject to cross-examination.

MR, PIGOTT: Mr, Chairmai, it is a general opinion
of the general phenomena. I would suggest that if Applicants
have a different range or different feeling on it, that they
be allowved to indicate that this is perhaps one of the
controversial aspects, but still, the purpose here I think
is to acquaint you with that with which you will be dealing.

There are a lot of things we could talk about that
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are without any controversy, but they wouldn't be very useful

to you either.,

JUDGE KELLEY: I think the comment was sufficiently
general and would look to Dr. Brune to offer a different
opinion if he has one when Dr, Smith is finished.

MR, WHARTON: Mr. Chairman, just one more word on
this, It was my understanding that we wou id get into general
areas so that the Board could understand what the testimony
was going to be, and comprehend as it went along and have an
understanding as it went along, and not getting into areas
that basically elicit the opinion of this particular expert
witness, and I must say that it appears we are getting into
the opinion of this particular expert witness that should be
subject to cross-examination. I understand what the Board has
said. I just wanted to make the point.

JUNDGE KELLEY: Well, I think generality is a
band, rather than a point, and that people are going to have
different assessments of where we are on the band,but it
seems to me thrat up to this point, it has been useful. We
can get so general it will be useless to us, and we would like
to have some idea, I think, of just what areas are controver-
sial, .and so with those observations, why don't you proceed?

MR. WHARTON: Wwell, I guess I have succeeded in

doing that, anyway, letting you know which ones we think are

controversial.
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JUDGE HAND: Focusing occurs in the direction of

propagation of this action?

MR. SMITH: Yes.

JUDGL HAND: Do the faults ever go both ways?

MR. SMITH: Yes, they do.

JUDGE HAND: So you could have focusinc in two
directions,

MR, SMITH: Yeah., Or in fact, since these are
three-dimensional phenomena, imagine a rupture initiated on a
plane, the rupture can proceed in a very complex kind of
direction anywhere in that plane, a:id there will be dynamic
effects, interaction effects between the propagating rupture
and the waves that are excitéd. It is an indisputable
physical phenomenon.

JUDGE HAND: You purposely drew the location of
that focusing effect on ihe upper part of the paper away from
the actual track of the fault?

MR, SMITH: WVell, yes. I didn't want to get
into great detail on this, but the focusing effects on
different types of waves, compressional waves, shear wives,
and surface waves, and so forth, have different kinds of
patterns, and so I wanted to avoid any singula- kinds of
positions like right at the end here. For certain kinds of
waves, clearly the maximum effect might be at the end there.

For other types, the maximum effect could be at
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other important considerations that control ground motion.
They are the distance from the fault, from the earthquake,
and I think it probably will develop later in the proceeding

that even the concept of distance measurement is controversial.

1214
some other angle. My purpose was simply to say that focusing

is an important physical phenomenon.

JUDGE HAND: But it is not quite like focusing a
light through a condensing lens?

MR, SMITH: That is a qood point. This is an
entirely different type of focusing , “enomenon. There =-- the
earth does act as a lens, and do the other type of focusing,
but that is not what we are talking apout here. We are talking
about a dynamic interaction between a moving source and the
radiation emitted, so this is not a geometricel optics kind
of a phenomenon.

JUDGE HAND: Too bad you had to choose the same
word that had other meanings.

MR, SMITH: Yes, that s unfortunate. Directivity
is perhaps ~-- that is a good point. Maybe I will try to use
that term more, but in the common literature, it ha~ “_.n
referred to =Zi.euvimes as focusing.

JUDGE HAND: That is why it is difficult for lay

MR, SMITH: Right. In this context, there are

As an example, I mentioned the epicenter, that is
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the point on the earth's surface ahove the point of first

rupture, so the epicenter would be at this point. Suppose our
station is here, and we are collecting data on peak ground
acceleration, for examp.e, what distance would we use to
measure, it we are going to make some kind of correlation of
distance with acceleration, what distance would we use to
categorize the data from this earthquake? Would we ' se the
closest distance to the rupture? Would we use the distance to‘
the epicenter? Wwould we perhaps use the distance to the

closest point of the projection of the fault?

These different distance definitions can have a
very profound effe-t on any kind of statistical correlation.

Now, Chairman Kelly asked at the outset whether
damping war the same as attenuation, and attenuation has a
very speciali ed meaning ir this context. Alcenuation
generally refers to the decrease in ground 1otion with
distunce, so -- a:.d that is of course in part due to damping

of the waves as they go through the med.um, but one says

|
|
|

attenunation curve, what they mean is some kind of plot of

|
;
|
1
some parameter of ground motion, say, peak ground accelerationl

|
versus distance, and one generally finds that the shorter the |

<
distance, the larger the acceleration, =o there is some kind i
of shape to vhis curve; tried to draw a noncontroversial qhapei

But the data points on here for the one earthquakel

i
I just referred t< might have had a peak motion, say, of a ;
s
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half a G, would be this point here, and the distance we used

might control whether the point was plotted here, or here,
and so vou can see if these data points have some kind of
shifting that is permitted by the definition of distance, this
can become a very sticky issue., In the line of -~

JUDGE KELLEY: Are you going to comment further on
peak ground acceleration?

MR, SMITH: No, I am not.

JUDGE KELLEY: Can I then ask you a question or
two arut that?

MR. SMITH: Yes.

JUNDGE KELLEY: That is one of the basic points
toward which we are headed hare, you know, how high can that
be expected to be. I think it was established in the first
proceeding at .67 G's, and Dr, McNeill, when he began with
his =-- oh, whatever you call those things -~

MR, SMITH: Pea dinger-swinger.

JUNDGE KELLEY: What?

MR, SMITH: Never mind.

JUDGE KECLLEY: In any event, he referred among
other things to acceleration, and I took that to mean the rate
of increesed speed of the wave or the ball on the top as it
came across. Now, is peak ground acceleration, is that the
highest rate of increase of speed, of what, the surface waves,

or just what is it? Could you spell that out for us?
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MR, SMITH: Well, it is very simple, when ‘-2-‘71f

you were to view an acce lerogram, that is, a plot of the
ground shaking, your instrument is an accelerometer, that is
sensing ground motion, and we are measuring it in a fraction
of G. We are talking about vertical accelerations. When
they got to one G, our instrument would begin to lift off the
earth, unless it was tied down in some fashion.

So, we might have some kind of time history like
this, of the variations in acceleration with increasing time,
and the peak ground acceleration is simply go through and
find the maximum acceleration. Now, relating that to Dr.
McNeill's experiment here, in terms of the spectrum, he
was pointing out that if you move this thing very rapidly,
it is the shortest period heie that ref lects exactly what the |
you find that a short enough period, the maximum acceleratior
of this highest frequency little oscillator here will be
exactly the peak motion that is encountered, so that is the
tie between the spectrum and the time history, but the peak
ground acceleration turns out to be the -~ what the spectrum
is at its highest possible frequency.

1f Dr. McNeill is here, did I adequately =-- it is
okay? Apparently. Do you have a commert on that, to answer
the question? well, let me ask, does that answer your
question, or would you like some further amplificatiou?

JUDGE XELLEY: I think I -- I am not quite sure I
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am there yet, and -~

MR, PIGOTT: Well, it is an important concept.

JUDGE XELLEY: Yes, it is.

MR, PIGOTT: Bob, perhaps you could come up &nd
if the two of you would go through it again, what is being
asked is an explaration of exactly what are we talking about,
when you are talking about peak ground accelerations? I
get to cross-examine my own people here.

JUDGE KELLEY: One of the things I wondered about,
and perhaps vou heard, I asked about the relationship if there
was one, between your earlier comments when you were shaking
the things back and forth, you referred, among other things,
to the acceleration of, oh, the tall one on the left, and I
could see it picking up speed and stopping, and I just wondered,
does that have anything to do with the peak ground accelera-
tion, or was that -- and if =0, what?

MR, McNEILL: Yes, you have correctly defined
acceleration as being the rate of change of velocity. It
also represents the thing that causes forces to be felt, that
is, you may recall elementary physics, that force is mass
times acceleration, so that there is an eqnation between the
two, and if for example, I have a small instrument sitting on
the ground surface, and the ground commences to vibrate, then
the instrument responds to the force or acceleration applied

to it by the ground, and that is what it senses and measures.
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In the same way, then, a structure would do the

same thing., It would feel the force which is .ie to that
acceleration. You may remember in the days before the fuel
shortage when our feet were a little bit heavier, that when
you would accelerate in an automobile, you would feel a force
acainst the back of the seat. It is the same thing.

JUNCE KELLEY: I understand the concept of
a2 *celeration. I am wondering how we are using it exactly here.
For example, did you indicate that it was the short high-
frequency waves that would register highest on the -- on the
seismograph?

MR, SMITH: In general, that is true. let us try -
let us try the following kind of experiment. Iat us imagine
that this is an actual earthquake recording of the ground
motion. Let us take that and through some type of mechanical
device, and people have built such devices, a shake table, let
us shake this spectrum analyzer exactly the way that the
ground motion is varying, so I will simplify it a bit.

It might for example start off fairly slowly.

We are shaking like this. And then there will be a -- the
peak motion will he the largest excursion here. Now, if you
look at - if you look at each of these little pendulums here,
you will find that they have a dynamic response that can be
either more or less than the -- than the actual movement of

the base here, but the shortest one, the stiffest one, the
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highest frequency one, will -- its excursion will exactly

match the highest value here.

JUDGE KELLEY: So are those the waves of interest
from the standpoint of peak ground acceleration and amount of
excitation of the ground, say of tue site?

MR, SMITH: Well, that is basically an engineering
question. You are asking which part cf the spectrum is most
important, and that depends on whether you are worried about
the Golden Gate Bridge, which would be a very long period, or
about some very stiff kind of structure, so that is why we
use a spactrum to describe the ground moté .,

JUDGE KELLEY: Thenk you, that is helpful.

MR, SMITH: I was going over kind of a shopping
list of c¢rings that are impcrtant in cemtrolling jround
motion and 1 had mentioned focusing. I had mentioned distance
The geologic structure through which the waves propagate can
be very important., We have learnad a great deal about that
in recent years. The site conditions can be very important.

Thera are a lot of parameters which control just
exactly what the level of ground shaking will be at one point.
So, what I -- let me just recap hers. I have said that
earthquakes occur in very highly organized fashion on the
earth along plate boundaries. I shoculd for completeness point
out that there are some earthquakes that occur in the

interiors of plates. We don't fully understand these. As a
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matter of fact, there are lots of things in seismology that

are not fully understood. Why earthquakes occur, they are a
sudden release of stress. You can think about it, if you
like, as something like brittle failure, as the experiment I
did with the plastic cup.

There are lots of parameters that we use to
describe the rupture process and the earthquakes that result
and there are at least four different magnitudes that can be
used to describe earthquake size. There .re at least a half
a dozen parameters that control ground motion.

And I think that is probably as far as I should go,
and would like to respond to any questions that you might
have.

JUDGE KELILEY: Could I just ask you a question?
Right at the end you were talkirg about different mediums
around the site in question. Just as extreme parameters --
if I am concerned about an earthquake, would I prefer that
my building sat on dirt or granite, or something else? And
that may be a bad question, but I am just -- I think you see
what I am driving at.

MR, SMITH: Well, the answer is a complex one,
and it would depend upon what frequencies you were dealing
with, what kina of structures, for example, but in a general
kind of way. there are non-controversial physical processes

that take place. One of them is the concept of acoustic
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impedance. If you go from a medium in which the wave is

travelling at high velocity to a medium where the wave is
travelling at low velocity, physical principles, conservation
of energy and mcmentum in the wave, tell you that the

amp litude of the wave will increase, so for that -- and you
said rock, dirt, 4dirt in my context would have a low velocity,
and therefore you would expect an increase in the amplitude

of the waves when they encounter the dirt.

That is not the end of the story, though. There
are other physical phenomena that occur, nonlinearities in
the elastic or non-elastic response of materials would tend to
mitigate those effects, and so it is a question of what
frequency, what level of loading one is talking about. I
guess I should point out that a lot of interest in what
different site conditions do to ground motion, and this has
been the subject of recent statistical analyses, some of
which you will hear ahout in this proceeding.

JUDGE KELLEY: Dr. Smith, thank you very much.,

MR. PIGOTT: I have one other presentation, Dr.
David Moore.

JUDGE KELLEY: Oh, excuse me just a moment.
Excuse me just a moment., At this point, with reference to
Dr. Smith's presentation, any comment?

MR. WHARTON: Nothing.

JUDGE KELLEY: Staff?
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MR, CHANDLER: I haven't finished reading Mr.

Bolt's book yet, sir.

MR. PIGOTT: I didn't think so. Dr. David Moore,
he will talk primarily about offshore profiling, and that
special area of the technique.

JUDGE KELLEY: Fine.

/77
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MR. MOORE: One of the issues before the Board
concerns the structure beneath the floor offshore. In our
present state of knowledge, the best way we know to determine
the structure offshore is by means of what we call seismic
reflection profiling. And so I will briefly describe what
seismic reflection profiling is and what some of the
difficulties are in using that technique and interpreting it
and some of the advantages that it has.

I have a few 35mm slides here.

This is just a photograph of an advertisement in
the AAPG Bulletin or somethiag like uv. =’ but it will give us
the idea. Don't pay any attention to the name; that's
somebody's patented name for their system. People tend to
name the system after the sound source that they used. 1I'll
explain that a bit later.

But basically seismic reflection profiling is
the same principle as echo ranging. 1It's the same as echo
sounding. For example, when a ship has an echo sounder,
except that generally they use lower frequencies.

Basically the components ‘hat are utilized are
sound source of some type, and I'll go into that a bit more
later, ari hydrophone streamer, which is just a linear hvdro-
phone array.

Of course, there are different types of these

things. Some use more than one streamer and some use very
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long streamers and some use short ones. But, for our purposes

today, we'll just assume that we have a single linear
hydrophone array and a sound source. And this sound source
goes off at intervals of anywhere from several times a second

to once every ten or twelve seconds or so, depending on the

frequency and the scale that you want to use.

The ship is towing this along. The ship is
underway, and, as it moves alonq, it fires let's say
every half second it fires its sound source. The sound

travels down and reflects from the sea floor back up to the

receiving array, but it also, because it is low frequency
sound, relatively low, penetrates through the sea floor and
reflects off of laye s beneath the sea floor. The reflections
are a result of differences i1 acoustic impedance, which
simply is changes in velocity a' 1 density of the materials.
So that the reflections we look at are not always necessarily
changes in lithology or changes in the formation, for example.
It doesn't mean that you're going from formation A to
formation B. It simply means that the sound waves have
encountered a difference in acoustic impedance which
*ould cause a re lection.

Becau:  the ship is mcving and because we're
firing, you can develop a continuous display because, after
these signals are rec i1ved in the hydrophone array, they are

then transmitted up to the ship where they are filtered to get




10
11
12
13
14
15
16
17
18

19

21

22

" 8 U

1226
rid of unwanted frequencies and they are amplified and fed

into a graphic recorder.

Now there are many different ways to do digital
manipulations with this kind of thing, but most cf the records
that we will be concerned with in these proceedings are what
we call analog records, so we don't have to worry about the
digital for now., It's much easier to understand the analog.

If I can just make a little drawing here to
show -- if we assume that this is our recorder and this is
time 0 and this is time 1 second, there is a stylus on the
recorder and each time our sound source fires we have an
outgoing signal pulse. The stylus will make a little mark
for each time the thing fires and it will get another mark.
Now this is reflection time; it's the time it takes the
sound to travel down to a reflection horizon and back up to
the receiving array.

For example, if we have a structure that looks
like this -- I1'll make just a small drawing down here. Here
is the sea floor and here is a -- there is seaiment over the
top of the sea floor and then there is bedrock that's
dipping below.

If we traveled along with cur ship above that,
towing our array and firing, we'd have the outgoing pulse,
we'd have our first mark when the echo comes back from the

sea flow. The stylus would mark again when it got the echo
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back from the bedrock interface. And, by tha time we reached

this position here, it would also get a mark back from the
interface between this type of rock and that type >f rock.
So we would have a mark that looked like this.

As we continued along, each time the stylus makes
one sweep, the paper in the recorder moves slichtly. 1In
other words, I will be moving the stylus along, but, in
actuality, the paper is moving‘throuqh the reccorder. So we
will end up making another mark at the next shot and another
mark at the next shot and so on. Because these are lined up
one next to the other, they will draw a cross-section which
is comparable to the horizons of acoustic impedance that we
have encountered down here. These are happening once every
second.

So, if this is a horizontal line, this will end
up by being a horizontal line. And, similarly with the
bedrock interface. And the dipping reflector will come in
as a vertical line like that.

So, in principle, it's simply a matter of
continually one after another firing a sound source and
having the reflected signals come back and be amplified ana
filtered to the right frequencies and then printed out on the
graphic recorder.

Now probably the single most important variable

that is involved in seismic profiling is the different
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frequencies, the use of different frequencies. We use

frequencies that vary from 20 to 1200 hertz, hertz being one

cycle per second. Generally, the low frequencies are not
attenuated as easily as high frequencies are within the
medium of their propacation. Therefore, if you want to

look at some structure that is deep beneath the sea floor,
you generally have to use fairly low frequency, some kind of
a sound source that gives you low frequency signals.

But the problem with low frequency is that it does
not give you a great deal of resolution because both
penetration and resolution are a function of frequency.

I might just say, berore I get too far along,
that some of the different kinds of sound sources that are
used are discharging a high-intensity disclhiarge of spavk into
the water or arc; that's called a sparker re.urd. What they
do is just charge up a capacitor bank and, at intervals,
discharge that through an electrode into the water and it
forms a big plasma bubble. And, when that collapses, it
makes a good signal for propagating sound through the sea
floor and back.

Sn, generally, +hose kinds of records are called
sparker records.

Another sound source that is commonly used is
what we call an air gun and it's simg.ly charging up high-

pressure air into a container and then letting it go out
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explosively so that you release an explosive release of high=-

pressure air to make a big bang.

A modificatior of that is what we call a water
gun and that simply is the use of high-pressure air to force
a cylinder at very high velocity out of a gun into the water
and that displaces a slug of water which causes a cavitation
bubble and then collapses.

wWhen we get into the !.igher fregquencies, also
transducers are used, such as in echo centers. It's magneto-
striction or a crystal transdu~er which pulses as you put a
pulse of electrical energy through it.

Depending on the sound sourge and the resultant
frequency and the rapidity with which you sweep the recorder,
we can look at the details in the upper few meters of sediment
beneath the sea floor with a high frequency system like -~
for example, we call it a 3 5 kHz system. That's a very
common frequency used in looking at some detail in the upper
few tens of meters.

From there you can go all the way to using a
big array of very low frequency air guns and sweeping the
recorder at, say, a ten-second sweep. At a high frequency,
you might swe:_ it at a fraction of a second. In the deep
penetration, low frequency systems, you might use a ten-second
sweep.

So by modifying the sweep rate and the frequency
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of the system, you can look at details in the upper part of

the section or you can look for structure deep in the section.

u. fortunately, because of the physics of the
sea fl.or and of sound, it's not possible to look at all of
these things with one system, so we commonly make surveys
wherein we utilize not just one system but several systems.
Like we might travcl along over the sea floor firirg a big
air gun system to look deep down in the section and, at the
same time, we might be using a hull-mounted transducer which
would be looking at the details just in the upper part of
the section here.

Sometimes you may have to go back over the area
again, using an intermediate frequency and sweep rate, which
would give you somewhat more detail in the upper 100 meters
or so.

Basically, the data that has been utilized by
all parties and examined by all of us in the area of
San Onofre have involved all of these kinds of systems.

I think I have a couple of examples of some of
the different kinds of data here.

This, for example, is a 3.5 kHz record and that
is a hich-frequency record to look at details in the upper
few meters below the sea floor. This happens to be down
in the Gulf of California in the Cuyamas Basin for those of

you who are interested.




you look at the vertical scale =-- the
on these are always registered in terms of travel time, two-
way travel time or reflection time.

Now, 1f you want to put that in terms of absolute
depth below t! floor, youa have to think in terms of what
the propagution velocity 1is through the different media,
through the sediments and the rock below because sediments
have a n lower propagation velocity than do the i1ock.

And, therefore, you get some distortion in the vertical
scales on e ] tion records because they normally are

looked at just in terms of reflection time. So, you have to

keep 1in mind, when you are looking at reflection records,

that the vertical scale a time scale only.

Therz are methods whereby you can print out using
digital methods and, on computers, you can print out what are
known as depth sections rather than time sections. But, to do

you must know periodica y - you must have a knowledge
the velocity in these different sediment and rock units.
lata that were used 1n our analyses
by all parties are expressed in time sections, 1in seconds or
fractions of seconds of reflecti
This shows that you can very small,
layers offsetting here along a fault i1n Cuyamas Bas

can see that we can resolve down t 11 C¢ small
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at the very best, what you could expect tc resolve would be

somewhere in the neighborhood of about a half a meter. And
the resolution, of course, is the function of the frequency.

When you're dealing with frequencies of about
100 hertz, for example, which is typical of the frequencies
used in sparker records, then the best you can expect to
resolve is perhaps around four meters. That is, you could
not resolve the thickness of a layer less than four meters.

The best resolution is between a quarter and
three-quarters of a wave length, somewhere around a half a
wave length. Since the wave length is a function of the
velocity and the freq.ancy, low frequencies have less
resolution than high frequencies.

This is an example of a sparker record. The
frequency that is used, rather than 3.5 kHz, as in the
previous example, is probably a center frequency of somewhere
around 100 to 200 Hertz, in that range.

I can use this also to demonstrate the fact that
you do see geological structure on these records. Now this
is 0 to 1 second in reflection time, down to 2 seconds here.
And you'll note that, on the horizcntal scale, we have 10X
which expresses the vertical exaggeration.

I've mentioned that the vertical scales are a

function of reflection time.

The horizontal scales, on the other hand, can
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But, in fact, in nearly all seismic profiling

systems that have been used in these surveys. there is some
vertical exaggerations and they range from about 3 up to over
20, depending on the system. Usually we try to express what
the vertical exaggeration is.

The sampling density also is very important and
that normally ties in very closely with the horizontal scale
and vertical exaggeration. The sampling density, again, is
the function of the ship's speed but it's also a function of
how often you fire the sound source. If the sound source is
being fired very rapidly, you might get a reflection back
from the sea floor every five meters. If it's being fired
every ten seconds and the ship is going alomg at five knots,
well, obviously, there's going be quite a spread between the
acoustic samples you get of the sea floor and the subsea
floor structures. That's no great problem when things are
horizontal or very gently dipping. But, in an area where
you have complex folds and faults, such as in this region,
which happens to be off of Pt. Conception, just around
Pt. Conception, it's important that you have a fairly high
sampling density and that means that you should fire vour
system as high a rate as possible and run the ship as slowly
as possible and still keep the streamers running and the
ship under control.

I might add that, while the ship is making
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these transsects, it is being positioned automatically by

radio-ranging positioning systems. That's the way they do
it now.

I'd just like to say a few words about planning
surveys. Assuming that you have the proper equipment for
finding the types of structures that you're looking for,

it's impecrtant to plan a survey so that you can have t

L

transsects run in the optimum direction.

If the geology of the region -- if this is the
coastline and it's known from onshore that most of the main
structures, anticlines, are trending like this and you would
expect that they might be the same offshore, you would
probably want to orient most of your lines to cross those
of fshore with a few tie lines in the other direction.

Se, in general, before you go out and run a
survey, you want to know as much as possible about the
structure, the te~tonic structure, the drain and orientation
of onshore structures so that you can plan the traverse
correctly.

It's usually an advantage if you are able to
ge in an area and do a reconnaisance survey first. That
would be relatively wide-spaced lines designed just to get a
quick look at what's there and then, at a later time, return
to the area and concentrate on the more closely-spaced lines

in areas of greatest interest.
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Once you collect these records, then you must

interpret them and there are some pitfalls to interpreting
records. One of these is multiples and here we're showing

a very simple multiple. The most common multiple is what we
call the bottom multiple and that means that the sound
reflects off the bottom and returns back up where it is
received at the hydrophone. But it also reflects from the
air-sea interface because the air-sea interface is a very
strong reflecting mirror because of the acoustic impedance
difference between the air and the sea water. So it acts as
a mirror and the pulse of sound returns back down and reflects
back up again. So the graphic recorder will see the bottom
and it will see the bottom -- the second multiple of the
bottom as well. If the bottom is sloping, the multiple will
slope at twice the slope as the actual sea floor.

Bottom multiples are very troublesome but they
are fairly obvious and people who work with these things
soon get used to filtering them out visually.

Here we can see a bottom multiple of the sea
floor and this structure here has another bottom multiple
down here.

There are other kinds of multiples, internal
multiples and so forth, which can be troublesome. But, in
general, the bottom multiple, especially in shallow water,

is the main one that causes problems.




pld

10
11
12
13
14
15
16
17
8

19

21
22
23
24

25

1237

Another problem that has to be faced in
interpreting these records is the directivity. Now directivity
is the function of the size of the -- let's assume that our
sound source is omnidirectional and it sends signals out in
all directions; therefore, to get directivity, you must attain
the directivity in your hydrophone array, and that's one
reason why they build streamers because it does give some
directivity, particularly in the fore and aft direction.

These drawings here simply show the use of an
echo sounder which is not trying to penetrate through the
bottom but just look at the one reflector from the sea floor.

In deep water, because the direc¢tivity of the
system would have an equivalent of a beam angle of -- this,

I think, is a 12-kHz echo sounder transducer which has a
beam angle -- double angle somewhere around 30 degrees, I
believe -- as the ship is passing over 1it, it will begin to
see -- if the ship is here, for example, it will see a
reflection from there before it sees a reflection directly
beneath it. As it approaches this side, it will be seeing
the reflectors from here and here before it sees the
reflector from there. So, when the sbip is here and it sends
out a beep, it will get an echo from there, from there and
from the bottom. These are called crossovers and they're

very common. You get different configurations of crossovers

with different types of structures. But, for a simple
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U-shaped or a V-shaped body, you can see that you can get

rather complex crossovers which make interpretation a little
difficult. This can be minimized by focusing the beam and

making it narrower. A long array is helpful in that respect.

/7717
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Of course in a seismic profiling system we are

not looking just at the bottom. We are looking at the
reflectors beneatli the bottom as well so tiuat these kinds of
crossovers will continue on down as you are looking at re-
flentors beneath the sea floor.

And another effect of the same phenomena, when
shown on an actual record here, for example, this is down
in the southern part of the continental borderland off
Mexico, south of Punta Banda, this is a big fault scarp here
and there are beds dipping this way and younger sediments that
have been deposited later. You can see that these rocks have
been folded up here and abut the fault here in something like
Perry Ehlig's reverse dip. But the phenomenon we are talking
about right now, you can see that the flat lying turbidity
current deposits here that have been deposited in this little
basin actually go up under the wall of the fault scarp. Of
course they don't really go under the wall of the fault
scarp. It is just a function of the crnssover configuration
that I explained earlier.

So when we look at records like this, we must keep
in mind that we can sometimes have very strange looking
phenomena, for example, of turbidite beds extending up under
the fault scarp. We know that is not real and we don't
interpret it in that way, but it is there and you have to

take it into consideration.
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Another problem that is common in shallow water

when you are working on continental shelf areas w.th hydrophon

streamers is that of side echo from the hydrophone array.

The hydrophone array is a series of phones one after the other

so that in a fore and aft direction sound that is reflecting
from the surface over here -- here is your sov~ source --
and sound that reflects from here will come back and it
travels along the hydrophone array and is cancelled out as
it travels along.

Similarly, a reflection from back here would

travel along the hydrophone array and become cancelled out.

One that is from directly below will be received simultaneously

along the length of the array and it will be reinforced. So
we do have fore and aft directivity. But it does not have
directivity from side to side, so that if we are looking at
-=- if there is a reflector out to one side or the other, it
will reach the hydrophone array simultaneously so that it is
reinforced.

So let me try to draw a picture here of what
sometimes happens.

Now [ have drawn a picture of a homoclinally
dipping sequence of beds that have been planed off by wave
erosion and then some sediment deposited on top of it. If
we run the ship up dip or down dip, the system is able to

resolve these irreqularities because of the fore and aft

1240 |
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directivity of the array. However, if the ship is traveling

into or out of the board here, the hydrop“one array which we
are looking at now will receive echoes from the bottom and

the sub-bottom here but it will also receive echoes from these
strike ridges that we are looking at in crossection on either
side. And as we travel along, because these strike ridges

are not always the same height -- some are higher than others
-- it will tend to cause a whole series of overlapping
hyperbole on the record.

It is very typical in shallow water, in areas where
you have beds that have been planed off, dipping beds, whether
they are dipping seaward or landward, that when you try to
operate a long strike you have difficulty in resolving the
geology because you get so many side echoes that it causes
the records to be of very poor quality. This slide is of
very poor quality, too. But it shows an example of here the
ship was going up dip and it turned and it is now running
along the strike. This is very typical, all of these little
side echoes, of both above -- this is the bottom here and this
is the subbottom reflector. But we are also cluttered up with
many, many side echoes that occur both above and below the
bottom, which simply mean that they are at a greater distance.
Some of them are right at the bottom, so they wovld be
reflections close to the same distance here. The ones that

are above would be out on either side of the reflector, the
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bottom reflector and ones below would be from irreqularities

in the geology down dip on either side.

I don't think I explained that very well, but the
general idea is that it is difficult to interpret records
that are taken along strike, in shallow water particularly.

Some of the other problems in the interpretation
of records can be associated with erosional forms. If you
are trying to locate faults, for example, there i: ona --
this is out in the San Diego Trough, wiiizh is just offshore
from here. This is the Coronado Bank -- the San Diego
Trough is filled with horizontally bedded turbidites. This
ie quite clearly a fault. It has been mapped. Everybody
knows about it. But t. 2re are other complications in here
and these turbidites are deposited by chanmelized flow and
overflow of the channel. This .s a turbidity current channel
which exists at the surface here, but there are other
buried channels, for example, in here and in here. 1If one
is not careful, one can fall into the trap of looking at those
channels and seeing that there is disruption in the bedding
and think that perhaps we are looking at faulting.

And here I have just drawn some examples of other
complications that can arise which make interpreting records
sometimes difficult. If you have an anticline, for example,
that is faulted -- and anticlines are not uncommonly faulted

in rocks off California -- it would probably look something




like this. If you have an anticline that was exposed during
low sea level stand so that gullies were eroded into it, it
could look like this. It 1s sometimes very difficult to
decide when you are looking at these records whether you
looking at an actual faulted anticline or whether you are

at one that has been eroded by shallow -- by subareal

erosion during a low stand of sea level.

And the same problem can arise when you are lookinq

at a fault zone out near the edge of the shelf break or
when you are looking at an erosional terrace out near tuie
shelf break edge that has some debris lying on it from
collapse of an old sea ciiff and the like.

This one is fairly common when you are working
in shallow water. You have nice bedding running along and

suddenly )ps. Now are we looking at a fault there or

are we looking at a channel that has been cut, an old river
valley, you see. y find the other side, it still
doesn't solve the problem entirely, hecause this could be
a zone of faulting. So that regquires -- to differentiate
these things, one must run several profiles along to see if
this i1s a linear feature and whether it is linear in
right direction to be a river channel or whether it is linear
in the right direction to be a fault.

When you have high vertical exaggerations it is

sometimes very difficult to t ! dif ference between a
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tight asymmetrical fold and a fault scarp like that, for

example. Here is a good example of that. This is a tight
asymmetric fold and here is a fault scarp. But we have a
20 times vertical exaggeration here.

I am pointing these things out just to emphasize
that there is a considerable amount of subjective judgment
in making interpretations of seismic profile and one must
keep in mind what all the alternatives are.

JUDGE KELLEY: Your last reference to the slide,
where you say the first is a fold and the second is a fault
scarp, is that something in some cases at least that you
can say with a very high degree of certainty or i that just
an overall sort of best judgment? It would vary from record
to record, but --

MR. MOORE: It would vary frum record to record
and your decision will also vary, depending on what this
same feature looks like in an adjacent line, if you have one.
Sometimes it is a fairly easy decision; other “imes it is
very subjective.

Sometimes faults are very easy to recognize, like
this one. I show this for two reasons: one, to demonstrate
that this is a major fault here. This is a transform fault
down on the Gulf of California. We can see that there are
unconformities in here, with beds dipping up and truncated,

there are some small [olds, and everything is turning up very
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sharply out here towards the edge, were the fault is down into

the basin here. I think it is San Pedro Matir Basin.

In order to get the most use out of records like
these, one wants to know not only the structure, but what are
the ages of these rocks, so that we can get some idea of when
these structures were generated, so that if we had, for
example, a bore hole here, we could sample the age of this
horizon here and get a pretty good idea of what the subsidance
history of this margin was right there. For example, if we
could take a dark core out here, we could see what the age of

is -- these deep beds were that have been sharply upturned
along the fault.

And therefore, to ideally utilize seismic reflec-
tion data, one must combine it with either bore hole data or
dark core data. You have to use bore holes over here, but
you could use the dark core here, perhaps, and mavbe here,
so that you can put biostratigraph , in other words, time 1
stratigraphy, incorporate the time straticraphy in your seismi¢
stratigraphy.

A technique that is commonly used and that I will
show in the next slide is to make line drawings of these
profiles. The line drawings are made primarily to show where
major unconformities are and to simplify the structure so that
it can be reduced in scale, such as has been done here.

This last slide showed just about this much. If we tried to
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show as much on a regular record as we did on that line

drawing, it would take up far too much room. So line drawings
are very handy to show small scale, that is, reduced scale
versions of the seismic records, and particularly if one makes
line drawings that show critical horizons such as unconformity.
One can then reduce them, greatly reduce them in scale, and
stack one up next to the next so that you can safely make a
ladder of these and you can see how these structures continue
from one line to the next, do they have continuity or do they
not.

I think that is all I had planned to say right
now. Do you have any questions?

JUDGE JOHNSON: You said that shallow water can
cause you difficulties on occasion. What is shallow?

MR. MOORE: Well, that is a very good question.
Shallow in seismic profiling depends on the sweep, the scale
of your recorder, of course. Shallow, if you were using a
10 second sweep, wouid be much deeper than if you were using
a fraction of a second. But in general when I say shallow
water I am referring to shelf depths, and particularly the
inner part of the shelf. That would be say out to 50 meters
or 100 meters, 0 to 100 meters. When vou get beyond that
you get out of the effects of the features that have been
carved into the bottom by rivers during low stands of sea

level.
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The sea level was low during pleistocene and the

shelves were exposed to subareal erosion. So there are many
features that are relics from that time. But also you get in
deep enough water when you are over the shelf go that you are
no longer bothered with multiple reflections from the sea
floor, for example, because it has gone out of the picture

by then.

So I guess to answer your question, shallow in
general means shelf dep*h. |

JUDGE JOHNSON: It is not a constant.

MR. MOORE: ©No, no.

JUDGE JOHNSON: Also, you mentioned that bore hole#
can help you in interpreting data.

MR. MOORE: Right.

JUDGE JOHNSON: Can a sonic profile or can any
of the profile -- means of obtaining profiles -- resolve the
presence of bore holes?

MR. MOORE: Can they resolve the presence of the
bore hole?

JUDGE JOHNSON: Yes.

MR. MOORE: Probably not, no. 1In general, one
would want to make a seismic survey, certainly at least a
reconnaissance survey before you did the dart sampling or the

bore hole sampling, so that you could see what the nature of

the structures were and you could more profitably place your
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dart cores or your bori. 3.

JUDGE HAND: How far beneath the surface can you
look with thuse wonderful gadgets?

MR. MOORE: Well, that ‘ course is a function of
the rock types. But in general, let's say with a 3.5 kHz
system, a high resolution system, you are looking at the
upper few tens of meters. With a sparker svstem where you are
using the high intensity spark for a source and frequencies
of somewhere around 100 Hz midrange, you could expect to
penetrate down to several thousands cf feet or o thousand
meters or so. Using very large, powerful airgun systems and
low frequencies, you can get down many thousands of feet,
tens of thousands of feet.

JUDGE HAND: And I think the other day we heard
the term "acoustic basement”. Did we hear that word?

MR. MOORE: Yes. Acoustic basement is simply
the deepest reflection that you can see that has any correlat-
able reflectors in it.

JUDGE HAND: And that depends very much on the
frequency you started out using in the first place.

MR. MOORE: It would, ves.

JUDGE HAND: And somewhere in the testimony -- we
may not have gotten to it yet -- the word "side scan sonar”
shows up. Is that romething you know anything about?

MR. MOORE: Yes. Side scan sonar is a different
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type of system in that it is not designed to penetrate the

sea floor, but instead is designed to send out -- if the sea
floor looked like this, where you had a series of humps along
it, and here is the sea surface, and we towed the side scan
sonar -- the ship is going into the paper here -- the side
scan sonar sends out a signal that has a wide band like this
and it gets reflections back. It would see a shadow behind
this, for example, and behind this and behind this. So that
as you traveled along, it would draw you a picture. You would
see a ridge running like this on that one and a ridge here,
perhaps a small one there, and a ridgz out here. There would
be acoustic shadows behind those things.

For exwmple, it will show up ripple marks, large
scale ripple marks or strike ridges or qullies and that sort
of thing.

JUDGE HAND: How big is a ripple mark?

MR. MOORE: Well, it can -- ripple marks can be
from a few millimeters to tens of meters. But I guess the
simplest way to describe side scan sonar, it is like side-
looking radar. It is designed to look at the topography of
the sea floor to show up the relief of the sea floor, rather
than to look at structure beneath the sea floor.

JUDGE HAND: Good. Thank vou.

Mr. Wharton or Dr. Brune?

MR. WHARTON: We don't have anything in this area.
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JUDGE KELLEY: Staff?

MR. CHANDLER: ©No, sir.

JUDGE KELLEY: And does that conclude the seminar,
Mr. Pigott?

MR. PIGOTT: That is the end of this Course 501.
At least if the Bosrd does have further questions, obvicusly
we would be happy .o come back in this same kind ¢f a format
to explore particular areas that you may encounter where you
want a little bit of the extra education, in effect.

JUDGE KELLEY: Th:1ik you. I think this has been
useful and we appreciate it.

JUDGE HAND: Do we get certificates now?

MR. PIGOTT: We'll see what the final exams look
like.

(Laughter)

JUDGE KELLEY: We are at 12:25 and we broke off
-- the next event I believe was Mr. Whartc-'s crecss examinatio*
was coming up on yesterday's witness, Dr. Heath.

MR. WHARTON: Or whether or not there is going
to be redirect of Dr. Ehlig.

JUD3E KELLEY: That's right. In any case. Why
don't we break at this point, which is a convenient point,
and reconvene at 1:30 here. Thank you.

(Thereupon, at 12:25 p.m., a recess was taken until

1:30 p.m., the same day.)
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AFTERWNOON SESSION

JUDGE KELLEY: We will reconvene at this point.

Mr. Pigott, are we at the point for cross-
examination by Mr. wWharton?

MR. PIGOTT: We certainly are. Let me dispose
first of the status of Dr. Ehlig., Over the evening recess
and through this morning we did have an opportunity to examine
his transcript of his cross-examination yesterday. We do
not have any recirect for Dr. Enlig at this time. We would
ask that he be excused from this portion of the hearing to
reappear with respect to a later issue.

JUDGE KELLEY: Granted.

MR, PIGOTT: In which case, I helieve we are now
in a position to proceed with Mr, Heath, and I would ask that
he take the witness chair. The only other prelimirnary thing
I can think of that -- might think of, is the map that was
identified yesterday, and I just leave that to the Board as
to its disposition of that.

JUDGE KELLEY: I think at some point or another,
it may become useful., I think when I was asking about maps,
I didn't realize that you would have the visual aid and the
transparencies that you have brought that I think are very
helpful, and perhaps more than ¢do service for that purpose,
but go ahead, vou were going to say?

MR. PIGOTT: I was going to say, it is our intent
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not to use transparencies over and above that which ras bheen

submitted as figures.

JUDGE KELLEY: Yes. My understanding has been
tnat everything that has been put up there as a transparency
is also in the testimony, and it is just a bigger version of
the Exhibit.

MR. PIGOTT: With tha exception of the tutorials,
that is correct.

JUDGE KELLEY: Yes, right. Mr. Wharton, have ycu
had a chance to look at the map? Do you have any ==

MR, WHARTON: Yes, we have had a chance to look at
the map. I note there are no offshore faults indicated on the
map. That is =-- Mr. Pigott, trat is correct, and that is
intentional, I take it, I mean, that we are not going to be
veferring to that map tu determine where offshore faults are
from that map?

MR. PIGOTT: That {5 an official fault map of
the Division of Mines and Geology of the State of California,
and I won't speak for their intent. That is just to give you
a general overlay of supposedly a noncontroversial depiction
of where the major and even some of the minor faults are in
the State of California.

MR. WHARTON: Well, if the map is being offered to
show ail of the faults in the area, it certainly is

Jeficient. I don't think it should be used, since it doesn't
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have anyvthing about the Newport-Inglewood =-- I mean, the

offshore zone of deformation. There is no question involved
that there is an offshore zone of deformation, and this map
just conveniently doesn t have it on it.

MR, PIGOTT: First of all, I object to the
characterization that this is ~- that the Applicants had
anything to do with the manner in which these faults are placed
on there. I don't know whether there are offshore faults on
that map. It just may be that there are. But whether there
are or whether there aren't is certainly not within the
purview of the Applicants. This is something that is put out
as an official publication of the State of California?

MR, WHARTON: Well, we don't =--

MR. PIGOTT: If you don't subscribe to the way the
State of California maps its faults, take it up with them.

MR, WHARTON: We are not talking about anybody
coming in here and authenticating the map. I mean, if we are
talking about using a map to show locations, that is fine.

I1f we are talking about using that map in any way to rely on
the faulting in that map, absolutely not, because we do.'t
have any authentication in the map, and it doesn't have the
important faults on that map that we are discussing here, for
use solely for where San Onofre is in relation to other
places.

But if it is used for any purpose as far as
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faulting, absolutely not. We ould submit that we have a

map that -- Dr. Brune informs me that there is an official map
from the Division of Mines and Geoiogy which shows offshore
faults, all of the faults,

This does not -~ this map, according to Dr. Brune,
does, if we have to have a map, I would suggest that that
would be the map w. would use if it does show the offshore
faults.

JUDGE KELLEY: Well, I am aot sure we really have
to. Let me say I thought of this as a visual aid, another way
to get a handle on the situation, not as a substantive evidencq
of matters in controversy. Let me just ask Mr. Chandler if
he has locked at the map and what the Staff's views are on its
use or not.

MR. CHANDLER: We have looked at the map, Mr,
Chairman. I certainly have no objection to its use as a
general reference point. ( think its present status, having
been marked for identificatior, is sufficient to attain that
cbjective. I don't see any nded, for example, to receive it
in evidence, and I think just as the Board Chairman
characterized it a moment ago, a visual aid is sufficient, and
we have nc ohjection to its use for that purpose.

JUDGE KELLEY: Thank you, Well, I think at this
point, we will leave it where it sits., I appreciate your

bringing it in., If at some point or points it seems useful to
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use it as a visuval aid and a location device, we may do that,

but I don't know that that is essentizl right now, so it is
not -- it has merely been numbered as an Exhibit., It isn't in
evidence, and it may get some use, but we can concern uvurselves
later with whether anyone objects to the use that it is being
put to, and s0 is there anything else that needs to be raised
at this point before we turn to tne witness?

MR, PIGOTT: Nothing from Applicants. The
witness is tendered for cross.
whereupon

EDWARD HEATH

the witness on the stand at the time of recess, resumed the
stand and, having been previously duly sworn by the Chairman,
was examined and testified further as follows:

JUDGE KELLEY: Mr, Wharton, go ahead.

CROSS-EXAMINATION
BY MR. WHARTON:
Q Yes, Mr. Heath, I note in your deposition you have

a Master of Arts degree in geology?

MR. PIGOTT: 1Is there a deposition?

MR. WHARTON: Correction from his prepared
testimony.

THE WITNESS: That is correct.

BY MR. WHARTON:

0 Just for a little bit of clarification, why is it
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referred to as a Master of Arts degree instead of a Master

of Science degree?

A Because at Pomona College, where I actually ==
pardon me, Claremont Graduate School, which is associated with
Pomona College, they don't offer science degrees, All of
their Masters degrees are in arts.

Q Is the Masters of Arts degree that you received,
would that be equivalent to a science degree in some other
. hool just called different!v, or is there a different
curricu lam?

A It would be very similar. All »f my graduate
work was in science.

Q Okay, do you have any degrees other than Master of

Arts degrees in geoiogy, and Bachelor of Arts degree in

geology?
A No, I don't.
0 Do you have ary special credentials or

qualifications in the area of probebilities and statistics?
A No, I do not.
MR, PIGOTT: I would like a clarification of what
special credentials means in this context.
MR, WHARTON: 1T would refer to it as special
training that is, formal education, any extensive experience,
that is, working in that area for an extended period of time,

say, more than a year, or anything that you think would lead
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one believe that you have credentials in the area of giving

opinions as to probabilities and statistics.

MR, PIGOTT: Objection., I would like to know
where probabilities and statistics becomes a relevant issue
for this witness. His direct testimony, I don't believe is in
the area of probabilities and statistics.

MR, WHARTON: Mr, Chairman, when the witnesses who
are testifying are saying likely, reasonable, conservative,
more conservative, most conservative, less conservative, they
are also ~-- they are basing this on some kind of form of
a probability, of some sort. They are weighing a probability
in their own mind.

Now, our point is, if they are in fact weighing
probabilities, which they have to be doing to come up with
these kindr sterminations, then I would think they would
have to have =one kind of credentials or someching to show
that this is something that they are competent to testify to.

JUDGE KELLEY: Objection is overruled. I think
the question is proper and understandable. Qualifications
beyond what one would normally get in the educational degrees
that you have already referred to,

MR. WHARTON: That is correct.

THE WITNESS: In reference to numerical statistica]
analysis, I do not have any special qualifications.

/77
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BY MR. WHARTON:

0 30 in numerical statistics and probabilities, you
don't have any special qualifications, then?

A No. I h:ve only 2% years or so of practical
experience in working in the geologic problems, many of which
require decisions and analysis.

Q Okay, do you have what we would refer to as
special qualifications and credentials as used in the last
sentence, in the area of risk assessment or you may refer it
as determining an acceptable level of risk to the public?

MR, PIGOTT: Obhjecticn. This witness is not here
for purposes of risk assessment. He is here for -- to render
a professional geoloyic judgment, and I think that this is a
blatant attempt mischaracterize thr H>urpos . of this witness.

MR, WHARTON: Mr, Chairman, absent a statement on
the prepared testimony that -- flat statement that no
earthquaka higher than thi can occur, absent a statement such
as that, whatever this witness is testifying to when he refers
to reasonable, appropriate, most conservative, conservative,
qualitative, all of these are decisions, values decisions that
he is making, and the values decisions that he is making are
based upon his understanding of what is an a~<ceptable risk to
the public, and 1 “hink I am entitled to get into his
background, These decisions are made, and T want to find out

what his basis is for making them.
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JUDGE KELLEY: Objection overruled. I think that

the witness's testimony can in at least some ways be fairly
characterized as risk assessment.

THE WITNESS: Would you please repeat the
question?

BY MR, WHARTON:

Q Yes. Do you have any special qualifications or
credentials in the area of risk assessment or determining an
acceptable level of risk to the public?

A Well, I have the nine years of -~ correction, 13
years of experience as an engineering geologist. I am
certified by the State of California as an engineering
geologist, and over this time, we have made many assessments
regarding public safety in relation to landslides, active
faults, surface rupture, things like that.

0 Are there any criteria you follow when you are
making these kind of assessments?’

A Base it on sound geologic evidence, as we nman
obtain the facts, and make a decision based on that.

0 So are you saying, then, that you look at the
geographic scenario of an area and decide on that basis only
on the ~eographic scenario what you think an earthquake is
going to be --

3 Not at all. We look at a lot more than

geographics,
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Q In the process of coming up with these g

determinations that you say you have experience in doing, do

you look at other social factors in making these determinations?

MR. PIGOTT: Could we have a definition of what
you mean by social factors?

JUDGE KELLEY: Yes, would you elaborate, please?

MR. WHARTON: Yes.

BY MR, WHARTON:

Q I think you testified that in 13 years' experience
during that 13 years you have made decisions as far as risk
assevsment, and I take it from that, risk assessment means
that there is a certain acceptable level of risk to the
public that you are assuming in making that assessment, is
that correct?

A No, that is not correct.

Q Okay. Do you ever look into what the acceptable
level of risk to the public is in making the kind of
decisions that you make?

A No, we very seldom look at what would be the
acceptable risk to tle public, We look at the scientific
data and try to avaluate what the so-called geologic risk is,
and what the chances of a geologic failure or chances of a
cartain level of earthquake, but some other public agency, or
someone else has to determina what the acceptable risk to the

public would be, knowing the basic geologic fucts,

J
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Q Okay, so that when you use the word "acceptable"

in the context of your written testimony here, you are not
taking into account any results of your decision, that is,6 any
results of risk to the public in making that decision that
this is acceptable?

A I think you would have to be more specific on
wiere I used the terms,

JUDGE KELLEY: Could you tell us what you are
referring to in the testimony?

MR, WHARTON: I misstated the word. The word
should he, cthat we are referring to, is "appropriate.”

MR, PIGOTT: Could we again still have a citation?

MR, WHARTON: Yes, okay. Page 5, line 21,

JUDGE KELLEY: The question was put by a
hypothetical interrocator, was it not? The word "appropriate”

MR. WHARTON: Yes, and he is responding.

BY MR, WHARTON:

0 The question is, would you please state your
conclusion as to the appr )priate value to be assigned for the
maximum magnitude earthquake for the 02D. In my opinion,

M s8ix and a half is A reasonable maximum earthquake magnitude
consistent with the geologic and seismological features of the
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