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P-R-0-C-E-E-D-I~-N-G-S
8:05 a.m.
OPENING REMARKS

CHAIRMAN RYAN: Good morning. The
meeting will now come to order. This is the first day
of the 153™ meeting of the Advisory Committee on
Nuclear Waste.

I am Michael Ryan, Chairman of the ACNW.
The other members of the Committee present are Ruth
Weiner and Allen Croff. Also present are ACNW
consultants William Hinze and Bruce Marsh.

James Clark, another ACNW consultant will
be joining us later in the meeting. He was
unavoidably called away. During the next two days the
Committee will conduct a working group meeting to
review and discuss issues related to the evaluation of
igneous activity and its consequences at a potential
geologic repository Yucca Mountain, Nevada.

The Committee will gather information,
analyze relevant issues and facts, and formulate
proposed positions and actions as appropriate in the
form of advice to the Commission.

The meeting is being conducted in
accordance with the provisions of the Federal Advisory

Committee Act. The rules for participation in today’s
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5
meeting have been announced as part of the notice of
this meeting previously published in the Federal
register.

Mr. Mike Lee is the designated Federal
Official for these sessions. A transcript of this
meeting is being kept. And the transcript will be
made available as stated in the Federal register
notice.

It is requested that speakers first
identify themselves and speak with sufficient clarity
and volume so that they can be readily heard.

We have received no request for time to
make oral statements from members of the public
regarding today’s sessions. Should anyone wish to
address the Committee, please make your wishes known
to one of the Committee’s staff.

As an administrative matter, if you
haven’t already done so, it is requested that you sign
in at the table in the back. We also request that, if
you have them, please confirm that your cell phones
are turned off or alternatively have been rendered
into silent ringing mode.

Lastly, for those of you who wish to do
so, there are comment feedback sheets available at the

sign-in desk. Items of interest, before starting the
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6
first session, I would like to cover some brief items
of current interest.

On August 16", 2004 President Bush
announced his intention to appoint ACNW members Dr.
John Garrick and Dr. George Hornberger to the Nuclear
Waste Technical Review Board.

Dr. Garrick was designated as the Board’s
new Chairman. We regret their resignations from the
Committee and wish them well in this new endeavor.
Congratulations to you both in every success.

The Committee and I, as the previous
Committee Vice-Chair, have assumed the Chairmanship of
the ACNW. Volumes one and two of the Nureg 1710
series on the history of water development in the
Amargosa desert were recently approved for publication
by the ACNW’s Executive Director.

These Nuregs were co-authored by Mike Lee
and Neil Coleman of the ACNW technical staff and Tom
Nicholson of the NRC’s Office of Nuclear Regulatory
Research.

In addition to service to this Committee,
the ACNW has encouraged the support of the Staff’s
efforts to publish technical reports and papers -- the
Agency’s overall mission.

Lastly, Mr. Marvin Sikes, a Senior Staff
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7
Engineer with the Advisory Committee on Reactor
Safety, the ACNW sister Committee, has been selected
to £fill a branch D position in NRC’s region one
division of reactor safety.

He will depart for his new position in
mid-November, and the Committee wishes him well. The
ACNW has been tracking developments related to the
modeling of a disruptive igneous event at Yucca
Mountain for several years.

Earlier Committee views on the pertinent
issues can be found in five letter reports. Copies of
these letter reports can be found in the Committee’s
internet web, as well as in Nureg 1423, the
compilation series for ACNW letters.

Most recently, in June 2002, the ACNW
conducted a workshop group meeting to learn more about
the issues which resulted in the letter report for the
Commission dated August 1%%, 2002.

WORKING GROUP PURPOSES

The overall focus of the working group
meeting is to better understand what knowledge base is
available for decision making, areas of specific ACNW
interest, including understanding the realism of
existing approaches and calculations and identifying

areas in those approaches and calculations that may
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require additional work.

Consistent with the published agenda,
three technical sessions, consisting of about 15
presentations are planned over two days to focus on
the treatment of probability, consequence, and dose in
igneous activity performance assessment analysis.

To help the Committee explore the issues
and interrogate the invited speakers, and maybe just
have a conversation with the invited speakers, rather
than interrogate, a panel of invited experts has been
assembled.

They include Dr. Robert Budnitz from the
Lawrence Livermore National Laboratory, Dr. Dave
Johnson from ABS consulting of Irvine, California, Dr.
William Hinze, Professor of geology and geophysics at
Perdue University, and Dr. Bruce Marsh, professor of
igneous petrology at Johns Hopkins University, and
finally Dr. William Melson, Senior Scientist of
volcanology at the Smithsonian Institute in
Washington, D.C.

Welcome all, thank you very much for your
time and participation in this working group meeting.
At the conclusion of tomorrow’s meeting, Dr. Johnson
will provide summary remarks concerning the issues

discussed in the context of the application of the
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9

risk triplet, the risk triplet being three questions.

What can go wrong? How likely is it? And

what are the consequences? So, we will be thinking

along those lines. The first session planned today is
on probability.

Areas of specific ACNW interest here
include understanding the types and kinds of geologic
information needed for generating probability
estimates, the uncertainty in that information, and
identifying which analytical approaches vyield
defendable estimates.

And, to address these issues, three
presentations have been scheduled for the first
session. The first presentation will be by Dr. John
Trapp of the NRC staff, and will feature a discussion
of the geologic features of the Yucca Mountain region
considered to be important in the estimation of
igneous event probabilities.

Dr. Bruce Crowe, of lL.os Alamos National
Laboratory, former principal investigator of igneous
activity in DOE’s Yucca Mountain programs, and a
subject matter expert in the 1996 probabilistic
volcanic hazards analysis, will share his perspectives
on the type of geologic information that is important

to decision making at the time the expert elicitation
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is conducted.

Other perspectives on the interpretation
of the local geologic record, and how it affects
probability estimates will be made in a presentation
by Mr. Neil Coleman of the ACNW staff.

He will present a paper that he co-
authored with Dr. Lee Abrams of NRC’s Office of
Research and Bruce Marsh that was recently submitted
to geophysical research letters.

This paper relies on statistical methods
to evaluate the probability of the issue. 1I’1l1l talk
about the second session when we begin that session.
So, without further ado, let me turn to our first
speaker, Dr. John Trapp.

NRC PERSPECTIVE ON VOLCANISM MODELING ISSUES

MR. TRAPP: Okay, Good morning. Like I
was saying, a few comments. The actual discussion on
probability comments will be given by Dr. Britt Hill.

I'm going to be presenting just a brief
overview of-- our program, talking about really the
main assumptions. That was the second one we were
talking about.

And then, in addition, talking about what
we feel like the risk significant items that we need

to understand. That'’s basically coming out of -- I
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11
partly should first off say some things that we will
not be talking about.

We will not be discussing any of the work
that is presently in progress. Everything that we are
talking about today from the NRC perspective will
material that is readily available to the public.

In addition, we will not be making
comments about DOE’s licensing case. A, we really
don’t know it, and B, it'’s inappropriate at this time
to discuss this type of things by the NRC staff.

Next slide please. So, what am I going to
be doing? I’‘m basically going to, like I said, be
providing a basic assumption, the NRC’s and the RPA --
evaluating these.

Based on results that we have -- are not
specific. Next slide please. For those of you who
have not been to the area of Yucca Mountain, this was
just kind of a slide overview.

The center of the slide is Yucca Mountain.
If you take a look off to the west, you will see Bare
Mountain. And, in between Yucca Mountain and Bare
Mountain, there are a series of electrons down there.

As you come to the southeast, in the
Crater Flat area, what you don‘t see is a series of

other basalts, which are basically 3.7, approximately,
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12
a million years old.

Farther down, at the very tip of the
mountain, you will see the youngest igneous feature,
which is present in the area, Lathrop Wells. The
Amargosa Desert area is an area which has quite a few
varied igneous features and quite a few anomalies,
which may or may not be igneous features.

This is an area where DOE has run a recent
aeromagnetic electromagnetic survey, the results of
which are just starting to become available.
Yesterday the preliminary results from DOE -- this
hopefully will shed a lot of light on information
about the distribution of igneous bodies in the area,
and help us work to determine the probability.

Jackass Flats, which is on the west side,
or the east side of Yucca Mountain, has feature
covered mountains -- the Fortymile Wash basin, which
is going to be quite important in the whole
discussion.

Let’s take a look at these. That’s of the
wells that was drilled by -- there was a basalt of, I
believe, nine and a half, a million years,
approximately from that well.

More important, for the sake of some of

the discussions that will be going on negative today,
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13
if you notice, the drainage coming out of Fortymile
Wash, you will see just along the highway, running
east and west through that area 23 feet that the
characteristic of the drainage system changes
tremendously.

You’re going from a marginal system into
a depositional system. This also happens to be
approximately in the area where the reasonably
maximally exposed individual, the person that we have
to use to characterize doses to the public too high.

Next slide please. So, what are some of
the basic assumptions? Well, if you took a look at
that slide, you will see that a small volume of
basaltic cones have occurred in the general area of
Yucca Mountain in the past.

And there is some potential that there
will be future basaltic igneous events that could
possible occur. We modeled it, the DOE has modeled
it, the State has modeled.

So far, all the models -- and there is
quite a bit of arguments back and forth on what the
probability is -- but, all the probability models come
out a value that’s larger than regulatory requirements
considered in our performance assessment.

There is large uncertainty with this, like
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14
I said DOE has finished the aeromagnetic survey. They
have been doing some drilling with some of the
anomalies to determine which ones really are under the
basalt.

They are going to be digging those
basalts. All of this will hopefully produce the
uncertainty on this probability. Next slide. If you
take a look at the volcanoes that you’ve got in the
aerial, you’ll see that these all produce not only
lava flows, but their results, the deposits, show
periods of sustained eruption columns with buoyant
tephra plumes.

If you take a look at the historically
active analog, what you will see is these type of
volcanoes have the capability of hitting buoyant
plumes and transporting them 10 to 100 kilometers
downwind.

If you take a look at some of the recent
results that have been published in the literature,
what you will find is, contrary to some of the earlier
modeling and some of the assumptions, these basalts
are actually quite wet.

They have got -- the best estimate would
be something like about four percent water. One of

many of the original modeling studies on these were
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done with much lower water percents.

And what we are talking about is, with
this high water, vyou definitely have potential
fragmenting and getting these connected dispersive
plumes.

Next slide please. One of the questions
that has been asked quite a few times in the past is,
why didn‘t we put any other -- a risk likely to in
this?

Well, one of the reasons is, there really
isn’‘t a good way to measure how big the volcano is.
Here is one example. If you take a look along the
top, you will see that, really what it is talking
about is two factors.

How much tephra is produced in the ash?
And how high do these columns get? It doesn’t talk
about the total volume of magma produced. It concerns
some of the other type eruption sequences.

If you go on down, you will look at the

volcanic explosive that makes number two. And,
basically, this is -- of all the studies we have done,
approximately a majority of the events -- they may

sneak down to a one.
They may sneak up to a three. But,

really, we’re talking about a single class for all
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16
practical purposes, is ten to the minus seven cubic
meters tephra and columns on the order of two to five,
maybe seven, possibly even size ten, but I doubt that
high.

Another important point is, if you go on
down a line, you will see that these do not get into
the stratospheric level. So, this is very important
in talking about some of the potential health effects
and other considerations for that.

Next slide. Another assumption that we
have is that the waste package is intercepted by magma
and be subject to very high thermal stress, and very
large mechanic stress.

This is a likely caused failure of the
canister. BAnd, therefore, many radioactive waste is
exposed to magma. We have given this problem to our
waste package engineers and talked about the
conditions that we got in this type of situation.

And, with the days to weeks that this
package would be subject to these types of thermal
stresses, mechanical stresses, the conclusion that we
come to is that this package -- well, basically, can
be breached.

Our assumptions in the -- what we have

done, is assumed the waste package offers no
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17
protection whatsoever. This assumption has been used
in previous DOE analysis.

It may change, etcetera, but this is the

present assumption that we are using. Next slide.
Okay. We’ve got the package breached. So what
happens?

Well, we’ve got the waste sitting there.
And this is now assumed to be available to put in the
tephra column. We don’t really model, like I said,
lava flows for a very simple fact.

If you take a look at all the data that
you’ve got, a lava flow by itself really doesn’t pick
up too much. We do not assume that this waste melts
in the basalt, because, really, we do not have the
type of material that would dissolve in magma.

What we’re following is what you see in a
normal eruption, the fragmentation of the wall rock,
the fragmentation of the material. This gets broken
down in small sizes and traded with the material, and
put up, and then transformed back.

Next slide. Okay, you’ve got stuff up in
the air. You’ve got a transporter downwind. It falls
to the ground. Well, when it hits the ground, we’re
basically assuming that, yes, you can suspend the

stuff into the air, from which people can breathe it
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and get a dose.

This turns out to be the igneous scenario,
the main method by which the dose gets in the -- we’re
using a bunch of very simplified assumptions going all
the way through this.

It really boils down to two primary
factors. What mass loading factor do we use, and how
long does the deposit last? Next slide. The next
assumption we talked about, we took a look at where
the site was.

Okay, and take a look at where the remedy
is, and try to do what I talked about, modeling
assumptions. The majority of the time, based on our
knowledge of the winds and the altitude, the tephra
column will not go directly to the RMEI.

It would sometimes. But, most of the
times, it would be blown somewhere east and deposited
at Jackass Flats. So, I'm going to get to the RMEI.

I'm going to get to the RMEI by two means.
It can be brought down by strain erosion. And, if you
took a look at the Fortymile Wash, what you will see
at the Fortymile Wash, like I said, as you go right at
the RMEI location, right before the erosional
sequence, that position of sequence.

It can also be brought by wind erosion,
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etcetera. This, we believe, is a very important
factor which needs to be taken care of. And we’'re
working on that with the Staff.

Next slide. So, what'’s important? Well,
according to our code, what is the probability of an
event. This is apparently straight-forward. The rest
is directly proportional to the probability.

Dr. Britt Hill will be presenting
information on that. Another significant thing, well,
the waste package is intersected by volcanic events.

And we’re talking about the risk being
proportional to the amount of waste that can be
exposed. So far, packages in a larger area, the large
area was.

The wvolume of ash produced during an
eruption was important. And this is actually the
inversely proportional, because, what you end up with
here is a delusional package.

Larger volume eruptions tend to dilute the
amount the material that is there. Smaller volume
eruptions encounter larger concentrations. With these
two factors, especially number two that we will
discuss to certain extend this afternoon when we get
to that session.

Next slide. As I mentioned,
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remobilization of the process is important, because
this will keep the majority of the ash to the
location. Dr. Don Hooper will be discussing that, I
believe, in tomorrow’s session.

He will talk about the modeling in this
area. And, like I mentioned, inhalation is the major
factor by which you get the dose to the humans.

So, we will have a discussion talking
about this fact, this subject matter, and how it is
handled. These are the important things that we see
in the load.

They can all be discussed in more detail
later.

CHAIRMAN RYAN: Thank you, Dr. Trapp. And
thank you for competing with the music next door.
Maybe we can get somebody to see about turning that
down just a tweak.

Thank you. Are there any openings? I
think John set the stage for the following
presentations and their own opening for John. Or
shall we reserve out thoughts for the more detailed
presentation? Yes, Bill Hinze?

MR. HINZE: Well, let me ask you, John,
you did an excellent job going through all of the

assumptions at various stages.
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CHAIRMAN RYAN: You have to flip the
microphone on.

MR. HINZE: I would like to ask you about
this. We all understand that there are uncertainties
with modeling because you use various assumptions.

Some of these vuncertainties remain.
Others, we would like to -- and Britt will expand upon
this. Which of these has the greatest chance in the
next few years of decreasing the uncertainty with
better models, with better data?

MR. TRAPP: I think we can reduce the
uncertainty quite a bit by taking a 1look at the
remobilization. I think that is an extremely
important factor.

Again, you are correct, you have large
uncertainties. And we’re not going to get rid of them
by -- coming out in the DOE program to reduce the
uncertainties in the probability model.

Again, we will not eliminate them. But we
will reduce them. There is work that is going on in
the understanding of magma flow, some of which you’ve
got some preliminary. And there is quite a bit more,
which we cannot discuss at this time.

And, yes, I think there will be some

reduction in uncertainty in that area, but not as much
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as we could probably expect over the areas of the
remobilization period. Britt, would you want to
comment on that?

MR. HILL: That was fine.

CHAIRMAN RYAN: Any other opening
questions or comments?

MR. HINZE: If Britt doesn’t have a
comment, I would like to ask you about this dilution
that you mentioned. And perhaps Don will expand upon
this in his presentation.

I understand he’s making a presentation on
this re-distribution of distribution. Yes, you
mentioned that you are really interested in having
more tephra because that leads to dilution.

But, according to your slide six, as we

have larger amounts of tephra, our column height also

increases.

MR. TRAPP: Right.

MR. HINZE: And that means that -- to me -
- you have greater dispersion. And so, does this

necessarily mean that, as you go from violent to

whatever, that you really are leading to dilution?
MR. TRAPP: If you could have those type

of eruption, yes you would be getting a tremendous

amount of more dilution. But, seeing no evidence that
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we would have eruptions or volcanic activity, it would
be anything more than approximately -- two.

So, we’re really talking about a wvery
limited subset of that. You would not have something
like a PDI 4 or like a Mount Saint Helens.

MR. HINZE: It just seems to me that, if
you have more, you don’‘t dilute because you’‘re
throwing it up higher and spreading it out more.

MR. TRAPP: That’s true.

MR. HINZE: Okay.

CHAIRMAN RYAN: dJohn, just a quick follow-
up as just kind of a question for maybe some of the
other presenters as well. We kind of end up at the
end of the day with a question of what is in the air
that’s inhaled by the RMEI or some theorized person?

You’ve touched on a lot of very complex
processes that get us to what is an irrespirable size
range in the fraction for that exposure scenario.

That's very complicated. And Bill has
touched on one aspect of that. So, to the extent you
and the other speakers can talk a little bit about,
you know, what part of the mobilization process in an
event leads us to that endpoint of irrespirable
particles. That would be real helpful.

MR. TRAPP: Part of what Britt will be
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talking about will cover that. Don will definitely
cover that. Keith Compton will go into effects.

CHAIRMAN RYAN: Thanks. To me, that'’s
kind of the focal point. Because, at the end of the
day, having uncertainty on that is really where you
can kind of begin, you know, be satisfied or
unsatisfied with the uncertainty question.

MR. TRAPP: Like I said, Don will be
discussing that.

CHAIRMAN RYAN: Okay, great. Thanks.

MR. HILL: This is Brittain Hill at the
CNWRA. I just wanted to clarify a little bit for Dr.
Hinze in response to his comment. In our performance
assessment and calculates, we allow the total volume
of tephra to be ten to the sixth to ten to the eight
cubic meters.

But, the column height is though of not
only of the volume, but the rate that it would come
out. So, we also vary the duration of the event
between essentially one day to like a week.

It’s about five days, is our approximate
sort of mass blow. So, the column height, while it is
partially a function of volume, is also a function of
duration.

So, when we run a large number of
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realizations in our performance assessment, we can
have small volume events that happen over a very short
period of time give us a high volume.

We can also have larger volume events that
would happen over a long period of time, that would
give us the lower volume. It’s not quite as
straightforward as simply larger volume, more distal
dispersion.

And, also, the source is about to vary
between one and ten waste packages per event. So, we
are getting that full sample in the variability. And
no one particular size is truly driving the risk
analysis.

MR. HINZE: I think we’d all like to hear
about that in more detail as the presentations are
made. I guess one of my concerns is that this is a
useful chart, but it is very simplistic. And that’s,
I think, what you are saying.

MR. HILL: Yes.

MR. HINZE: Yes, don’'t hang your hat on
that.

MR. HILL: No, this figure was just meant
to be an example of the full range of volumes that
volcanoes can produce. And, relative to that full

range, here is the area of interest for a particular
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hazard related to potential --

MR. HINZE: There are a lot of problems
with Richter magnitude, but at least it’s --

MR. HILL: Right.

CHAIRMAN RYAN: Any other questions?
You’ve accomplished the goal of the first speaker,
which is to get everybody’s attention and stimulate
their interest. So, off we go.

NRC OVERVIEW OF IGNEOUS ACTIVITY AT THE YUCCA
MOUNTAIN REGION

MR. HILL: Good morning. It’s nice to see
we have such a taste in laptop computers. That'’s the
correct one. I’'m Brittain Hill. I’'m the principal
investigator for igneous activity at the Center for
Nuclear Waste Regulatory Analysis.

And, this first talk this morning, I would
like to talk to you about some of the Staff’s
positions and tools that we have developed for
assessing the effects of uncertainty on probability
estimates for potential volcanic eruptions at the
potential repository site at Yucca Mountain.

Next slide, please. After a Dbrief
introduction, it includes a little bit of regulatory
basis. I would 1like to talk about some of the

uncertainties that we have in very basic probability
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estimates and also make sure that we all have a common
framework or common definition for the remainder of
the talk.

I will then focus on some of our current
views on the spatial and temporal uncertainties that
affect probability models in the Yucca Mountain region
and see how those uncertainties can affect the NRC
probability estimate, and of course, wrap it up with
the conclusions.

Next slide, please. I guess that’s my
soundtrack. That’s fine. What we are going to call
upon to evaluate the probability models and licensing,
you have to keep in mind that these probability models
-- performance assessment.

And so, requirements for review under 10
CFR 63.114 are going to apply. In particular, the
models for probability need to include actual
geological and engineering data, account for data
variabilities and uncertainties, consider the effects
of alternative conceptual models, evaluate events with
likelihoods greater than one in ten thousand in ten
thousand years, include events that significantly
affect risk calculations, and also be supported by
objective comparisons.

So, we have to keep that in mind when we
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start looking at the currently available information
around Yucca Mountain and how that information affects
the probability model.

And right now, some of the questions that
we’re asking are how many past events have there been
in the Yucca Mountain region? What are these igneous
event locations?

And what are the event agents. So, 1
don’t want to call this a probability triplet, but
there is some parallelism on number, age, and location
of past igneous events.

And, to cut to the chase, our conclusion
is that, from the available information, you can have
multiple interpretations and large uncertainties from
what we currently have available for assessing
probability in the Yucca Mountain region.

Next slide, please. One of the basic
uncertainties that we have to address, and to begin a
definition for any presentation, is what makes up an
igneous event?

And, taking a figure from the Department
of -- the NRC’s technical basis document 13 on igneous
activity, to illustrate what the uncertainty is in
finding an igneous event.

This figure is a geologic map showing the
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4 million year old basalt outside Southeast Crater
Flat. There’s a series of numbers out there. Number
one, two, and three mark locations that I think, as a
general agreement, represent the volcanic center.

This is a place where we have a hole in
the ground where molten rock came up and material was
dispersed in the accessible environment. But we also
have points four, five and six, that may represent
vent locations.

There’s just a little less certainty about
whether these were large vents, small vents, or vents
that could start the beginning phase of an eruption
only.

So, how many vents were erupting at the
same time? How many vents may have erupted in
sequence, may have represented gaps in time to be
counted as separate volcanic episodes?

There’s multiple interpretations that you
can place just on these six features. For the
purposes of this talk, I’m going to keep the simplest
definition possible.

An igneous event is a volcano that has a
hole in the ground. And we’re just going to count up
holes in the ground or cinder cones and call those our

igneous event with this presentation.
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We also know, in igneous events, have to
worry about the subsurface conditions. What’s going
on beneath the volcanoes as well? And one of the
things we see out here in Crater Flat, is the
subsurface features, which are called intrusions,
extend for 50 years plus laterally away from our
vents, and for some unknown distance longitudinally to
the north and south in these vents as well.

So, in characterizing igneous events, we
not only have to find out the surface expressions, but
the sub-surface expression as well. And one other
point, when you talk about igneous event, is relevant
to this.

Do you notice how these lava flows have
been folded and partially eroded through time? Now,
if you continue the deposition process out here and
bury these lavas between tens or even 100 meters worth
of alluvium, how would you interpret igneous events
from this disruptive feature if all you had to go on
was a pattern of colors in the geomagnetic map?

Keep that in mind when we start looking at
pattern analysis in the later part of this talk. We
may not be seeing in the subsurface impact features.
We have to consider the possibility that these

features, like this one at Crater Flat, have been
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disrupted, faulted, eroded, and then buried.

Next slide, please. One other very
fundamental uncertainty or assumption in probability
models is, what’s the extend of the igneous system
that we’re trying to model.

This figure is showing in red basalts
that’s younger than about 11 million years old. And
all of these parts of basalt at one time or another
have been used to bring various definitions of what
makes up the Yucca Mountain igneous system.

These definitions have been based on
associations in age, location, and chemistry. And,
you can’t quite see it, but, the potential repository
site is right here on the boundary of the NTS.

Now, there’s not correct definition of
what makes up Yucca Mountain igneous system. The
point that we have to make, though, is that a basis
for selecting some subset of these basalt features
needs to have a clear, consistent basis.

And that basis has to be used consistently
throughout the probability estimate and any resulting
consequence analysis based on that probability
estimate.

Next slide. So, that being said, I'm

going to say what we think the relevant Yucca Mountain
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igneous system is for the purposes of these.

What I’'m showing in this figure is the
regional gravity survey that’s done by the U.S.
Geologic Survey a few years ago. What it shows is, in
the hot pink colors and orange colors, are areas of
fairly dense crustal rock.

The cooler colors down in the greens,
yvellows, and blues, represent 1low density crustal
rock. The reason we are using gravity, is this is a
real good regional indicator of structure.

What we see is this long feature through
here with the 1low density 1rock represents an
extensional basin where the crust has been pulled
apart and in field with low density alluvium and
tuffaceous rock.

The other rocks in high density here and
here haven’t been as disruptive in recent time, and
consist of older, more crisp rock, like around Bare
Mountain.

For convenience, we’re just going to refer
to this feature as the Amargosa Trough structural
basin. Now, a 1little bit on the west, by Bare
Mountain by this gravity anomaly, and by the east, by
what’s commonly referred to as the gravity fault, and

extending some unknown distance up towards the old
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caldera complexes into the mountain.

And, again, within the Amargosa Trough is
what we think the basaltic features are that are
relevant to our probability estimate. And, we’re
defining igneous events in the following analyses as
individual volcanoes that occur within this Amargosa
Trough.

Based on that definition, we have a
starting point of 24 past events in the Yucca Mountain
region t use in the following sensitivity analysis.

Okay, do not adjust the dials. This is
actually what the data is supposed to look like, these
wild colors. This is the 2000 or 1999 U.S. Geological
Survey -- aeromagnetic survey -- for the entire Death
Valley/Yucca Mountain region.

This is the old survey. It’s not the new
data that the Department of Energy collected this
summer. These data represent the magnetic
characteristics of the region and of the rocks that
are buried and exposed at the surface in this region.

We’ve gone ahead and done a 1little
filtering on these data to enhance the basalt features
in the region. The important point here is, we have
known features, known igneous events, and surface --

such as Red Cone, Black Cone, Lathrop Wells, that
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create obvious anomalies, when you know where to look.

The anomalies are just these patterns in

the magnetic data that have characteristics

representative of buried basalt or strongly magnetized
rock.

But, the U.S. Geological Survey and
ourselves have also identified other areas that are
representing sub-surface, buried rock that may
represent a very igneous event.

And these interpretations are shown on the
figure on the right, graded by competence level. The
red features are ones that we have high confidence in
representing buried basalt.

The green features, for example, this --
from L, M, N, O and two -- we have moderate confidence
that these anomalies represent buried basalt.

And, in blue, we have low confidence but
can’t eliminate the possibility that these anomalies
could represent buried basalt. So, one of the primary
uncertainties that we’re having to evaluate right now
is, given these anomalies, what if they represent
buried basalt?

How would the addition of these buried
potential features affect our probability estimate?

Next slide, please. We have the aeromagnetic survey
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that shows us features that we can detect,

But, along with that data, we can also see
that there are some features that we know exist. But
we haven’t found them yet. They don’t create obvious
magnetic anomalies.

So, we have to consider the potential to
have additional features located in this region buried
in the subsurface that the exploration techniques have
been unable to detect.

One of the ways, and not the only way, you
can do it -- but, one of the ways that you can try to
get an estimate for potentially buried features is,
look at the spatial density of the volcanic fields and
compare it to other volcanic fields and say, well,
there’s a long list of low, and a long list of high.

How could you add additional events and
change such spatial vents? What we see is, within
this Amargosa Trough volcanic system, just with our 24
known events, we have a spatial density of one volcano
every 29 square kilometers.

For comparison, when we look at other
volcanic fields in the western great basin, like the
Cima volcanic field in California, they have the
density of one volcano every four square kilometers.

Lunar Crater up in Nevada has one volcano
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every six square kilometers. The older Pancake range
volcanoes are about one volcano every eight square
kilometers.

And finally, the Big Pine field in the
valley of California has a lower density of about one
volcano every 16 square kilometers. From the water
well drilling out there, we’re pretty sure there is
some additional hidden events out in the Big Pine
field as well.

So, we can see that the spatial density of
volcanic features in the Amargosa Trough are very
pretty low compared to other similar volcanic fields
in the western Great Basin.

The exploration technique, the
aeromagnetic technique that has been used, we have
fairly high confidence that the survey has been able
to technique buried igneous features in the southern
half of the Amargosa Trough.

The reason for that is the basement in
this area is magnetically very quiet. So, strongly
magnetized rock like basalt, will really stand out on
aeromagnetic surveys.

So, we’re not concerned about undetected
significant features at this stage in the Amargosa

Trough in the southern part. But we have these two
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areas throughout Jackass Flat and Crater Flat where
the magnetic basement is very noisy.

And that noise may be masking additional
features in the subsurface. Right now -- we have a
volcanic density of one volcano every 13 square
kilometers.

Just for comparison, if you wanted to get
that spatial density up to something comparable to
Cima -- the most dense volcanic field in this analysis
-- you’'re going to have 26 buried events in order to
get that high of a stageable density.

That’s just a major comparison -- not that
we think you have to have any volcanoes out there.
Also, at Jackass Flat, you’ve got one volcano every
160 square kilometers.

Now, it is entirely possible that that is
the actual spatial density within Jackass Flat and
that there are no buried, undetected features in
Jackass Flat or Crater Flat.

But, right now we can’t eliminate that
hypothesis. And we have to factor in our uncertainty
analysis the potential for undetected events, as well
as the events that have been detected by current
exploration techniques.

MR. HINZE: Mike, is it possible to ask a
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guestion?

MR. LEE: Sure, I guess so.

MR. HILL: Sure Bill.

MR. HINZE: The one volcano per 29 square
kilometers seems to be key to this discussion. And,
it seems to me that your region of the Amargosa Trough
does not correspond with the complete region of the
Amargosa Trough that you outline in the previous
gravity slide.

Am I wrong, or right? Or what'’s wrong
here?

MR. HILL: It’s the extent of volcanic in
the Amargosa Trough. Now, the Amargosa Trough, as a
crustal structure, extends down all the way into Death
Valley, and all the way up into the lunar crater area.

MR. HINZE: And it extends considerably
south. So, if the Amargosa Trough is controlling
this, shouldn’t we be concerned with the number of
volcanoes per square kilometer or the volcanoes per
kilometer, considering the Amargosa Trough problem?

MR. HILL: No, I don’t believe so, because
the Trough is a structural control on ascending magma.
Not everywhere in the mantle, though, we believe this
for the production of basalt.

We have many areas that are extended and
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lack any appreciable volcanism, not only in the
Amargosa Trough, but in other parts of the basin and
range as well.

So, you have to have an intersection of
the whole extended crust and further mantel in order
to get volcanism.

MR. HINZE: Okay, so you are arbitrarily
selecting the north and south --

MR. HILL: Not arbitrarily. I’'m selecting
the north and south boundary that, within the last
billion years, defines the extent of volcanism within
the Amargosa Trough.

Until you get down to Death Valley, many
tens of kilometers to the south, you’re not seeing
more volcanism. In the same way, this is butting up
against the Caldera Mountain -- a 1little south of
Caldera Mountain.

But, it’s the northern extent of Solitario
dike complex. We’'re coming up very close to the
Caldera mountain. And I think that’s defining a
tectonal magnetic regime that we’re calling the
Amargosa Trough.

CHAIRMAN RYAN: We have one follow-up
question from Bruce Crowe.

MR. HILL: Yes, Bruce?
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MR. CROWE: I'm Bruce Crowe of Los Alamos
Lab. One question I have -- I messed around with
doing cone densities as well. And what I tried to do,
though, was divide them in age increments, because you
really need to look at how densities have changed
through time.

And, if you look at the forming, you know,
record, versus say the -- you’re going to get somewhat
different cone densities, both in Crater Flat Amargosa
Trough, and in Lunar and Cima. Have you tried doing
that?

MR. HILL: To an extent. One of the
problems is, while we have good dating in the Yucca
Mountain region, these other analogs we have very
loose dating.

So, I tried to give a representation of
the -- and Pliocene fields. But I don’t think any of
these fields have Pliocene database that we can go
into.

As you‘re well aware, we have some
disagreements about the relevant of the Miocene. And
I think that’s a fair interpretation. And we believe
the Miocene from 11 million years, and then -- to the
third.

In other words, the past 11 million years
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is relevant to the probability estimate. Whereas,
others are saying that only the past five million
years of volcanic history is relevant in their
probability estimate.

So, for this talk, I'm trying to be
consistent with our published positions using the
Miocene record, and in standard volcanism -- the
Amargosa Trough.

Again, these are not the only potential
analogs. They are the most analogous of the Western
Great Basin. And they are the limits of the available
data for age clustering.

Given the uncertainty in the potentially
varied events where we don’t know the ages of them,
we’'re trying to do more refined approach at this
stage, really just pushing it forward.

But, to get to, is that -- to emphasize
the main points here for the spatial uncertainty. We
may have no undetected events. But we can eliminate
the potential for undetected events.

We have to come up with some way to
quantify in a traceable methodology a way to say how
many could there be in this area? And, by looking at
a general sense of spatial density, we say that, given

an uncertainty of one to ten present undetected
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events, seeing a reasonable starting point in a
sensitivity analysis for evaluating whether this kind
of an uncertainty in undetected events is significant
or insignificant to the probability estimate.

And, just as a point of comparison, if we
were to have ten additional events in the Amargosa
Trough, we would increase the spatial density within
this region from 29 -- or one volcano for 29 square
kilometers, down to one volcano for 23 square
kilometers.

So, it’s not an absurd over-estimate of
spatial densities for the Yucca Mountain region.

MR. CROWE: Just a follow-up, if I may.
If I understand your record, you start with the
premise what is there at one to ten -- present but
undetected events.

I ask the question, what’s the probability
of it being one to ten undetected events?

MR. HILL: Based on the currently
available data, we think that -- let me back up for a
minute. When we had a meeting about a year ago with
the U.S. Geological Survey, Department of Energy and
others to evaluation the aeromagnetic data, we all
agreed that there were a number of known surface

features that were difficult to resolve in the
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aeromagnetic data.

So, they were giving a sort of anomaly
patterns. They didn’t know that basalt was at the
surface. You’d have a difficult time convincing
yourself that that anomaly represented surface basalt.

So that’s the first point of why I think
there may be contentions there. The second is, out at
this location, at Jackass Flat, according to early
warning wells, we encountered basalt at about 1,300
feet below the surface.

That basalt is in an area that has no
obvious magnetic anomaly. And that depth that
encountered basalt is likely deep enough to attenuate
any magnetic character of a buried well.

So, we have known features that don’t give
us a clear anomaly in both the surface expression and
in the sub-surface expression. So I believe it is
reasonable to assume that there could be additional
undetected features here, based on the limits of the
current exploration technique to detect known igneous
features in the region.

I cannot give you a probability estimate
though. I think that’s so speculative on top of a
speculation, on top of a hypothesis, that we really

can’‘t gain much knowledge that way.
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CHAIRMAN RYAN: And therein is my problem
in that, you know, we are in a way scuba-diving around
in open. We really don’t know where the bubbles are
and where uncertainties are at this point.

Perhaps the new aeromagnetic data helps
us, you know, resolve some of that. But that, to me,
is kind of a critical issue, because, without knowing
where you are in the probabilities space of all those
potentials, you can run into not really knowing how to
interpret what the hypotheses are.

MR. HILL: We don’'t need a probability to
evaluation the significance of alternative conceptual
models.

CHAIRMAN RYAN: But you do need the
probability to know which one is real.

MR. HILL: Conversely, you can start with
a reasonable range of uncertainty, let’s say one to
ten undetected events. Let’s analyze that in the
models and see whether it is significant.

And it may a 1lot easier to gain a
reviewable consensus that says, we think if there are
undetected volcanoes, there’s less than ten of them,
or less than five of them in the region.

When we can all agree to that to develop

a basis for it, rather than trying to come up with
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probability distribution function that is going to be

-- by it.

CHAIRMAN RYAN: I appreciate the fact that
you are trying to -- that’s different than being risk
informed. So, I just want to clarify these two

different lines of thought.

MR. MARSH: I think this is one way to
kind of justify adding events in. But, it might be
actually a more illustrative calculation. You just
started with the probability basis itself and just
kept adding until we became alarmed.

In other words, we may have to add 5,000
to actually make it. So, we’re basically wasting each
other’s time down at this 1level. And that also
answers Mike’s question a little bit, in that it puts
uncertainty on this in terms of saying how much
seriousness do we have to put into actually adding and
comparing to these other fields up there that are
basically very homogenous in age fields that we can
interpret very simply and whether this field here, as
Dr. Hill mentioned, is.

We’re looking at stat data over time, and
so forth. It might even -- to the chase. Just look
at the numbers, add them in directly, Jjustify them

later, worry about it after.
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MR. HILL: The talk is -- we’re around the
first corner, and we’re cutting to the chase. I think
I'l]l address your comment in a few slides here.

Let’s go on. Okay, and this is just a
very quick summary of our view of current spatial
uncertainties in probability. The addition of the 11
anomalies that are well recognized by ourselves and
the U.S. Geological Survey would increase --

CHAIRMAN RYAN: Shut the microphone off,
I think we can hear you.

MR. HILL: Well, will that affect the

recording.
COURT REPORTER: I have a back-up here.
MR. HILL: Okay. Can everybody hear me
now, without the feedback? Excellent. Okay, we’'re

looking at, with the addition of the magnetic
anomalies that we have high to moderate confidence in
that increases the spatial recurrence rates for about
one volcano for 40 square kilometers, to one volcano
for 29 square kilometers.

Again, a comparison with the volcanic
fields, the point that we had made before about the
limited resolution of known features, the accounting
of basalt in 23E is the basis for suggesting that

there could be additional undetected events.
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And, finally, for spatial uncertainty, if
we add one to ten additional events, the spatial
recurrence rate would increase form 29 -- excuse me,
one volcano for 29 and one volcano for 23 square
kilometers, a very modest increase in spatial density.

So, let’s move on from spatial, and go on
to the temporal uncertainty. Now, again, there’s no
correct definition of an igneous event. And I know
there are people in the audience that have alternative
definitions of what constitutes an igneous event.

But, at the ousted I said, where is an
igneous event definition that’s each individual vent
is an igneous event, a cinder cone event, very simple.

What we’ve done is plotted out the number
of cinder cones, and cinder cone remnants that we have
in the region against their ages. The points that are
in gray are the ones that -- just to be honest -- are
altitude interpretation that sometimes lump them all
together as a single event.

But, again, to be consistent, these are
the 24 individual events that we are using for the
purposes of this talk. And these are the basic data
that we have for when have past igneous events
occurred in the Yucca Mountain region for the past 11

to 11.4 million years.
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Next slide, please. So, our base case, if
you take a longer 11 million year average, we have the
24 events for 11 million years, to give you a temporal
recurrence rate of two volcanoes every million years.

But now, we somehow have to address what's
the age of these magnetic anomalies? We have higher
confidence in the buried basalt. We don’t have any
dates on these anomalies.

So, we have to 1look at alternative
hypotheses on what these dates could be, based on our
interpretations of past patterns of activity in the
Yucca Mountain region.

So, let’s just say in the first hypothesis
that these anomalies represent basalt that have ages
that are randomly distributed between two million
years and 11 million years.

You don’t think, by the way, that any of
these anomalies are younger than two million years
old. They are too far below the subsurface to be two
million year old or younger basaltic features.

But, if we just say that they represent
randomly aged events, we would add in up to 35
volcanoes, 11 million years, temporal recurrence rate
goes from two volcanoes per million years, up to three

volcanoes per million years, not a really large
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increase in temporal recurrence rate.

Next slide, please. We also have to
consider that maybe these are related to a younger
episode of volcanism, something that’s no younger than
five million years old and has nothing to do with the
past five to 11 million years.

So, if we just look at the available data,
we have 19 events in the past 5 million years of
temporal recurrence of four volcanoes per million
years.

Add in the 11 anomalies, and again, assume
that they are randomly distributed ages between two
million and five million years and you end up with a
recurrence rate of six volcanoes per million years
that you could use in a sensitivity analysis.

One of the things that you may have
noticed in the basic data is that the past events are
not uniformly distributed in time. They tend to form
temporal clusters.

Some of these clusters aren’t very
intense, maybe three events in a couple of million
years. But, some of these clusters a little bit more
intense than that.

Next slide, please. And here are what

we’re seeing, is that we have this one temporal

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 www.nealrgross.com




i0

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

50
cluster of about four million years ago where we know
by these definitions we have 13 volcanoes in about
point six million years.

That would give us a recurrence rate in
that period of time on an order of 20 volcanoes per
million years. Obviously that recurrence rate didn’t
occur for a long period of time.

But for a geologically short interval of
time, roughly a half million years, there was an
elevated volcanic occurrence rate in that interval.
So, these anomalies also could represent part of that
pulse of past activity, four million years.

If they were related to that period of
activity, we would see the recurrence rate for a small
interval -- say half million years in time -- come up
to a rate of about 40 volcanoes per million years for
a short duration.

Next slide, please. So, there’s three
altitude hypotheses you can use to evaluate the
temporal uncertainty represented by these magnetic
anomalies.

Now, depending on the time interval used,
these hypotheses of the age uncertainties, you have
about one and a half of the factor two increases in

temporal recurrence rate.
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So, we have to consider the possibility
that our temporal recurrence may have range from two
or three volcanoes per million years if you make a
long-term, uniform recurrence rate assumption.

Also, clusters of activity -- that they
have been as high as on the order of 40 volcanoes per
million years. Now, with that, we can use analog
volcanic fields to gain a sense of perspective for
what those recurrence rates mean to volcanic fields in
the western U.S..

And you can see, for Quaternary fields,
and again, I'm restricted to the last two million
years of data, because those are the only intervals
that have good dating in these analog volcanic fields.

But, with the available information in
Cima, your recurrence rates are 26 volcanoes per
million years per a period of a billion, billion and
a half years.

That would be 22 volcanoes per million
years. And, up at Lunar Crater, it can get as high as
50 volcanoes per million years. So, you can see the
upper bound on the range of recurrence rates that we
would consider in sensitivity analysis for Yucca
Mountain.

That upper bound doesn’t exceed known
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recurrence rates in the Western Great Basin. And, the
lower bound also would be representative of a much
longer lived volcanic field at the time.

The question really that we have to answer
is what is the appropriate recurrence rate for the
next 10,000, 100,000 or million years, not what is the
absolute recurrence rate to some arbitrary period of
time in the geologic past.

You have to forecast the future. And we
believe that we have to evaluate multiple hypotheses
in that evaluation of probability and not focus on a
single interval of time in the past.

Next slide, please. How we are doing the
sensitivity analyses. This is a familiar figure for
many people. This is the published NRC probability
model that uses clustered event locations and uniform
temporal recurrence rates to calculate the probability
estimates.

What we’re seeing in this figure is the
spatial recurrence rate based on the clustering
algorithms that we used, normalized to the gravity
outline of the Amargosa Trough.

And, again, for our probability estimate,
we Dbelieve that the controlling structure that

localizes magma in the region 1is that crustal
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extension zone in the Amargosa Trough.

So, in our models it would make no sense
to say that there’s a probability of volcanism in Bare
Mountain, even though the statistical clustering might
say that there is some likelihood in that area.

We believe we should pool that geologic
information and normalize that controlling geologic
structure, the Amargosa Trough, rather than allow for
volcanism to occur -- to the incredible places.

We agree that the structural weighting
that we use is subjective. But, it does account for
the available data and does provide a transparent
basis for review of that analysis.

The other good thing about the models
we’re using is we can accommodate the spatial and most
of the temporal uncertainties that we’re seeing in the
currently available information.

We can evaluate the significance of those
uncertainties using the probability analysis. Next
slide, please. What we’re using to evaluate the
uncertainty is a tool called PVHA_YM, which is a
series of JAVA applets that -- on anybody’s web
browser.

This is readily available from the Nuclear

Regulatory Commission on all basic data sets. This is
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a screen snapshot. We put in the area of extent
assumptions about recurrence rate and clustering
functions.

The figures that I'm going to show on the
next couple of slides come from screen snapshots from
PVHA_YM. Next slide, please. Here is our basic
example for the purposes of this talk.

Again, I'm just trying to give you a sense
about how we can go about uncertainty analysis based
on the current uncertainties in the age, location, and
number of features in the Yucca Mountain region.

This isn’t mean to be our position on what
probability is or is not at Yucca Mountain. So, for
this base example, I'm taking the 24 events that we
previously defined, given a 1long-term average
occurrence rate of two volcanoes per million years,
and a simple Epanechnikov kernel that uses gravity
weighting at a 90" percentile.

So, we’re re-normalizing gravity by 90
percent, allowing a little bit of slop around the
margins of the gravity anomalies and a simple
clustering algorithm is the plain English way of
looking at that.

So you <can see, by those basic

assumptions, we have come up with a probability of a
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cone or a volcanic event intersecting the current
compository footprint of essentially one times ten to
the minus eight per year.

So, this is our starting point for this
talk. Next slide, please. What do we do if we add in
the 11 high to medium confidence magnetic anomalies,
which are shown as additional black dots?

And so, I can explain that the black dots
represent vent locations in the Yucca Mountain region.
So, we add in the 11 high to medium confidence
magnetic anomalies.

And let’s just look at the mid-point of
the uncertainty, when we are going between two and 40
volcanoces per million years. For illustration
purposes, 1let’s say the recurrence rate with those
anomalies is not 20 volcanoes per million years.

You can see our base probability would
increase from ten to the minus eighth, to one times
ten to the minus seventh per vyear for those
assumptions.

We can also use PVHA_YM to calculate the
probability of a subsurface intrusion intersecting the
potential repository. Given these assumptions for
guidelines that vary between one and ten kilometers

long, that probability of subsurface intersection
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would be on the order of seven times ten to the minus
seventh per year.

If dikes were shorter, it would be down
around four times ten to the minus seventh per year,
given these 11 magnetic anomalies represented here.

Next slide, please. Now, we have some
questions about present undetected volcanoes and how
significant could that be. What I’ve done in this
example -- and believe me, there are many examples you
can run with this -- I have added five randomly
located volcanoes in Jackass Flat.

Hit the spacebar please. There should be
a pop-up. There we go. Five anomalies in Jackass
Flat. This is randomly located to try to look at
sensitivity for undetected events east of the
potential repository site.

And you can see that, if we have the same
recurrence rate -- 20 volcanoes per million years --
our probability only increases from one times ten to
the minus seventh, to two times ten to the minus

seventh by adding these five 1locations into the

dataset.

And, again, a similar increase would occur
by saying that these are -- we also would have igneous
dikes and subsurface diversions. We go from seven
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times ten to the minus seventh, to eight times ten to
the minus seventh.

So, here is one of many possible examples
that show that adding five events that have been
undetected -- adding those undetected events into the
probability dataset, it doesn‘t have a very large
effect on the probability estimate.

And, again, if you want to do some
additional analyses, you can use your own locations,
own number events, and see how these models are
sensitive or insensitive to the addition of
potentially undetected events.

Next slide, please. So, what did we learn
from all of this? First, kind of interestingly, the
addition of the anomalies into the dataset doesn’t
really change our spatial recurrence patterns very
much.

In other words, the anomaly locations are
following the known event locations, and not having a
profound re-alignment of our spatial patterns in the
Yucca Mountain region.

More volcanoes are located toward the
existing locust of activity than they are distributed
in areas away from that known 1locust around

Southwestern Crater Flat.
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We also see, by running a number of these
simulations, that clusters of more than five
undetected volcanoes appear to be meeting with a
change our spatial recurrence rates have is
significant.

We already thought patterns that are
pretty well established by the existing data,
including the magnetic anomalies. So, to perturb
those patterns in a way that would grossly affect the
probability of potential repository site, you have to
create a pretty intense cluster of undetected events
on the east side of the potential repository site.

That cluster would have to have more than
about five volcanoes located within a couple of
kilometers of one another in order to create that
spatial recurrence based on our models.

Also, we are seeing that the uncertainties
in the temporal recurrence rate for short periods of
time -- and by short, I mean 10,000 to 100,000 year
periods -- those variations are not really captured by
the existing uncertainties that we have in long-term
recurrence rates.

In other words, the million year average,
the wvariations that we see in the million year

averages really aren’t capturing the potential
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variations for shorter intervals of time when we could
have higher recurrence rates than the long-term
average.

Finally, the cluster of past events gives
short-term recurrence rates that are comparable to
other Western Great Basin volcanic fields. Again,
those recurrence rates don’'t exist continuously
through time.

But we’re not looking for 11 million years
in the future. We’re looking for some shorter
interval of time in the future, time to forecast
what’s the likelihood in that future time of volcanic
eruption.

And, finally, evaluate the large
uncertainty anomaly ages and anomaly 1locations by
testing alternative conceptual models and looking at
the sensitivity of those models to the resulting
probability estimate.

So, to wrap it up, next slide, please. 1In
looking at the current uncertainties in the number,
age, and location of past events in the Yucca Mountain
region, we have concluded that our conceptual basis
for the probability estimate has not been affected by
those uncertainties.

We’re not seeing anomalies outside of
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areas that previously we had defined as the structural
basis for probability or clustering effects that we
can’t account for in the current probability model.

We can evaluate the effects of the
existing spatial and temporal uncertainties on the NRC
probability estimate. And we had questions before
about what are reducible uncertainties.

One of the key areas for reducible
uncertainty is the potential for undetected events, I
believe is a very reducible uncertainty. And I'm
optimistic that the new data that are being collected
by the Department and the high resolution magnetic
survey will help to resolve that uncertainty more than
the current data can do.

Our best estimate of the effect of these
current uncertainties it can get a factor ten increase
in the NRC probability estimate relative to these base
models.

That kind of a factor on the probability
estimate gives us a high significance to performance
calculations. So, we are going to need to have a good
basis to review those uncertainties and a traceable
basis to document those uncertainties during our
potential license application review.

Finally, we also can conclude from doing
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this work, that the potential effects of current
uncertainties on the number, age, and location of past
events really can affect some of the assumptions in
the conceptual basis used in many probability models,
the key interpretations of past spatial and temporal
patterns.

And finally, these uncertainties can also
directly affect parameter ranges used in any
probability model for the Yucca Mountain region.
Thank you for your attention.

CHAIRMAN RYAN: Thank you. I guess we’ll
start with any questions from the members. Allen?

MEMBER CROFF: In going back into this, I
look at your slide 15, which shows, I think, your
basic probability contours. I think the high being to
use all the exponents above 18 or 20.

And the Yucca Mountain site being -- I‘11
call it eight roughly. But then, when I go back and
look at the diagram say, on page seven, which shows
the magnetic anomalies, it shows, to me, sort of a
clustering of these anomalies in certain areas.

And in other areas, such as the bedrock,
where the Yucca Mountain site are, and other areas of
bedrock, essentially zero recurrences over all time.

Whereas, the probability model you end up
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with has about a factor two probability difference.
And that intuitively doesn’t seem right to me. Am I
missing something.

MR. HILL: There are a few points that I
can clarify for you. First, there is an event located
about 200 meters from the northwestern edge of the
repository site.

That’s our roughly ten million year old
basaltic canyon dike and eroded vent complex. 1It’s a
very small feature, but a very significant feature.

So, given these past events, 1like the
models have consistently said, the highest likelihood
for the next event would be in that southern part of
Crater Flat, not in that potential repository site.

But, through time, there has been an event
coming very close to that location. And, that would
scale as about the order of magnitude reduction in
recurrence rate given the number of events that we
have -- 20 events, 30 events, one out of 30, as
opposed to the two orders of magnitude or continues.

Second, the probability map isn’t really
a probability map. The contour lines are spatial
recurrence rate. And then you have to multiply
spatial recurrence rate by the chemical recurrence

rate by the area of intersection, which is about five
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square kilometers for the current.

So, to translate in figure 15, those
contour lines in the probability, you have to define
probability in what area. We'’re using, of course, the
five square -- 1in this case, the seven square
kilometer repository footprint.

So, to calculate the probability, you have
to average some spatial recurrence over that interval
times the temporal recurrence, times the area.

So, these contours are volcanoces per
square kilometer using that specific kernel function.

MEMBER CROFF: Okay, so what is
approximately the difference in the probability of a
volcanic event in your base case, between the peak in
the middle of the valley, and the Yucca Mountain site?

MR. HILL: It would be about -- if we were
saying ten to the minus seventh at the potential
repository site, it would be approximately ten to the
minus sixth at the center of the locust of activity in
Crater Flat.

And it would be about ten to the minus
eight when you get to the edge of the Amargosa Trough
out there just at the western edge of Jackass Flat.

MEMBER CROFF: Okay, thank you.

CHAIRMAN RYAN: And, again, that’s average
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per year?

MR. HILL: Yes, probability per year.

CHAIRMAN RYAN: If I could follow-up just
quickly, you talked about the spatial aspects. I’'m
real interested in the temporal aspects. When I look
at the temporal distributions as a math problem in
trying to predict, you know, recurrence or a look at
recurrence interval, can you think of any strategies
to address?

The aeromagnetic survey updates will do
the spatial work. But, how do you attack the
uncertainties in the temporal distribution?

MR. HILL: Well, again, it’s do we
evaluate this as a homogenous or non-homogenous
process? And, in the absence of data, you just have -
- you hypothesize.

So, we can take a rigorous statistical
approach to evaluate what is unconstrainable in terms
of the age uncertainty. What we need are the data,
which would be the proposed drilling program that will
look at some of these anomalies, drill down and sample
whatever is causing those anomalies.

It may be a welded tuff that’s been
faulted. It may be basalt. If it’s basalt, we need

to get those data. I think that’s a very
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straightforward process.

CHAIRMAN RYAN: So really, the drilling is
how you get at the age distribution and prove your
temporal --

MR. HILL: Right. And, if we have that
age information, we can factor that into the
uncertainty estimate. Again, this is not our view of
how things will be.

But, it’s an attempt to present to the
committee how we can evaluate the currently available
uncertainties with currently available information.

And then, of course, as new information
comes in, you can use these methods to evaluate that
new information for the licensing process.

CHAIRMAN RYAN: That’s coming through
well. And I appreciate you clarifying that again.
Ruth, a question?

MEMBER WEINER: Is there a microphone?

CHAIRMAN RYAN: Oh, sorry.

MEMBER WEINER: I think John’s ~- first of
all, I’'d like to congratulate you on making the PVHA
model available. I did play with that, and it works
very nicely.

And I think you all aught to be commended

for that.
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MR. HILL: Our consultants Laura Connor
and Chuck Connor were the real --

MEMBER WEINER: Well, convey to them my
congratulations.

MR. HILL: I will.

MEMBER WEINER: I have what’s probably a
very simplistic question about the spatial density.
And that is, you outlined very carefully the area that
you were looking at for the Crater Flat, Jackass Flat
volcanoes.

How does that area compare with the
comparisons where y have volcanic fields that have a
higher density of events, higher spatial density of
events?

MR. HILL: I think we’re looking at fairly
comparable. I would want to check on that. But,
we’re not comparing huge fields or microscopic fields
compared to the area that we’re dealing with for
Crater Flat, Jackass Flat.

The entire basin, the Amargosa Trough,
that contains the wvolcano is bigger than the
Quaternary part of a number of these fields. But I
think it is comparable to area for Lunar Crater field,
which is a bit more extensive. Is that addressing --

MEMBER WEINER: It does address it. The
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thing that is of concern that I picked up on is, if
you define the area differently, how differently do
you need to define the area to make a significant
difference in the spatial density?

MR. HILL: On all of these definitions,
the area is defined by the extent of mass -- not
connected on the margin, but pretty close to the
margin of that, and also accommodating the very
obvious structure.

Like Bare Mountain, we wouldn’t include
that potential area. And the same thing in a place
like Lunar Crater. You‘re not going to expand the
area out into the alluvial basins just to get a bigger
area.

You define it right around where the
mapped volcanoes are. And so, in the scale on order
of magnitude, these are comparable. In detail there
is going to be some variation. But we’re not taking
a comparison with a huge volcanic field to come up
with spatial densities.

MEMBER WEINER: Okay, thanks.

CHAIRMAN RYAN: Let me open it up for
questions from our panelists and participants and
consultants. Bruce?

MR. MARSH: Yes, it’s a very interesting
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presentation. One of the things I’ve always been
amazed over in the Western United States and in
volcanic terrains themselves is that, if you actually
look at the solid rock areas, where we know the
geology the best, you don‘’t see much signs of
volcanism compared to what we see in valleys, for
example.

Our discussion today, for example, is all
mostly concerned about things that perhaps we don’'t
know what’s going -- buried in these valleys. And, it
would be interesting, I think, in some ways, to adopt
a different view, in other words, build a probability
model that didn’t use anything in the wvalleys, but
only used solid rock data information.

The repository, for example, the mountain
ranges are all solid rock. We know the geology there
well. We can see what happened there. And, if we
built up, for some reason, for example, there aren’t
a lot of cinder cones up in the mountains on the solid
rock areas where you see the geology very well.

It would be very interesting, as an
alternative to build a probability model using only
the areas of solid rock in the mountain and say, okay,
we know we can see the dike, maybe a cinder cone, and

build up a model like that, and then use that for the
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whole region.

In effect, now we are doing the reverse.
We are actually taking all the stuff in the valleys,
the alluvial f£ill and things we don’t know, and we’re
putting a model forward that we’re pervasively using
in the regions where we have the best geologic
control.

And it’'s odd that, in many ways, you know,
volcanoes just don’t seem to appear ever in some
areas, regardless of what’s going on nearby. And, so,
have you thought of this in trying to build a model
like this?

MR. HILL: We thought about this a lot.
And, while maybe true in some areas, we see in other
areas the fact that volcanoes do erupt, which are
characterizing as solid rock.

It depends very much on what are the
controlling structures in the region, and what are the
areas of local extension, versus local compression, to
put it very simply.

In places like the Big Pine field, you see
them coming up the range of the Sierra. Some of them
are in the valley, and some are buried in the valley.

But other volcanoes come up and are

essentially sitting there in the foothills of the
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Sierra Nevada. In the Yucca Mountain region, we see
not only Solitario Canyon Dike, but also up around
Thirsty Mountain we see the hidden cone sitting all on
a bedrock bottom.

You know, there are plenty of alluvial
basins sitting around there. The reason it’s all that
high is structural control, not anything to do with
whether the bedrock is above surface or below the
surface of baseline alluvial.

One of the reasons -- well, I‘1ll back up
for a minute. The existing pattern of volcanism
already reflects that control. We have no basis to
say that Yucca Mountain is somehow a zone that magma
physically cannot get into.

The current patterns show that, while it’s
less likely for it to go there, it still can go there.

MR. MARSH: Well --

MR. HILL: The greatest likelihood is down
where we are seeing the most volcanoces. But, at a
process 1level, the controlling structure is not
whether a couple hundred meters of bedrock sticks up
above the alluvial or is below the subsurface.

It depends on those structural elements
that are important for mobilizing the magma and

allowing breakout at certain points.
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MR. MARSH: Well, I mean, that sounds
interesting. But, in fact, it is the numbers and the
effects in the model that we really need to put in.

For example, we know that the regional
stress fields direct the localization or the local
dispersal of magma. So, when a cinder cone is
erupting, for example, these -- what we see --
reinforced yesterday, for example, is that there’s an
extreme north-south predilection for the magma being
dispersed.

So, one of the things that missing, I f£ind
in this probability model, is the detailed 1local
characteristics of the structure that you’'re
mentioning.

Structural integrity is expressed on a
local basis, let’s say on an area that involves, let’s
say, you know, 10,000 square kilometers, 5,000 square
kilometer area.

That detail, that granularity in the model
where you need to put those details in this regional
stress field and how that influences it, is extremely
important.

Instead of having a very dispersed line
sampling kernel like this, it spreads as an umbrella

over the whole area. It doesn’t have any granularity

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 www.nealrgross.com




10

11

12

13

14

15

le

17

18

19

20

21

22

23

24

25

72
in it for the integrity.

For example, in a big earthguake we know
we built buildings on areas that are alluvial areas
that may undergo -- basically quicksand. How do you
stabilize a building?

You build a big sub-structure on it. You
put basically a boat in the earth’s crust there. And
this building will sit there and sway back and forth
and be perfectly fine.

If you don’t know anything about that
granularity and detail of structure, you would predict
that everything would just collapse into the earth
when, in fact, it actually has this integrity built
into it to make it survive.

I'm worried that we’re looking at detailed
numbers. And these numbers are so uniformly spread as
kind of a wide umbrella here that we’re missing very
important granularity in this.

And, as you're mentioning, there are areas
where we cinder cone things spread up on sides of --
in the Sierra’s, for example. We see it in
Antarctica.

We see other places. But, we don’t see it
here. And that’s something that’s special to this

area. And I’'d like to see that somehow evaluated or
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