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PROCEEDINGS
8:30 a.m.
DR. ALLEN: May we get under way, please?

This morning we are going to turn to the volcanic,
Probabilistic Volcanic Hazard Assessment. Let me just remind
you once again, one of the critical questions that the Board
has asked iIs with respect to Probabilistic Volcanic Hazard
Assessment, how valid is the conclusion that estimates of
volcanic hazard at Yucca Mountain won"t change much in the
future? What kinds of discoveries would or could cause them
to change? What is the likelihood of these discoveries, and
the ability of site characterization to reveal them, and what
are the criteria for determining when enough is enough?

With that, let me turn to the fTirst speaker this
morning, which is Bruce Crowe of Los Alamos, who has been the
leading DOE figure in the volcanic analyses, and as part of
his one-hour presentation, at the end, he will turn over the
microphone for a few minutes to Kevin Coppersmith to explain
his role In this developing program.

So, Bruce, you"re on.

DR. CROWE: Thank you.

Let me just start by saying | enjoyed the
presentations yesterday, and completely agree with the
speakers that made the point that there is considerable

overlap and similarity in the approaches of seismic hazard
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assessment and volcanic hazard assessment, but let me point
out that there are two fundamental differences that I think
are important.

One of those i1s, iIs that we do not have the
experience to draw on of siting nuclear facilities and
established hazard work that I think is important in
establishing precedence of probabilistic hazard assessment;
and the second i1s that volcanism Is not an issue that can be
mitigated through design. Dave Dobson and I used to joke
that perhaps we should draw on submarine technology, and
design magma-proof doors on the repository, but, basically,
volcanism is a go/no-go issue and, iIn fact, 1It"s been an
important part of our studies from site suitability, as well
as looking at the acceptability or non-acceptability of the
total system.

Now, what I"m going to talk about is basically the
strategy that we"re using to assess volcanism, and starting
in the early parts of our program, we committed to doing a
probabilistic study, and in our study plan, we describe the
strategy for that study. We"ve also pointed out that we plan
to do--i1n fact, this is what I1"11 be talking about mostly
today--simulation modeling to look at the sensitivity of the
probabilistic approach, and try to define the uncertainty,
and then we also made a commitment early in this program to

proceeding into expert judgment. In fact, that"s what Kevin
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Coppersmith will be talking about. So, we feel like we"re
committed to many of the things we"ve been talking about for
the last day or so.

Let me start with this view graph, because this is
where Frank Perry left off, and let me just remind you that
this 1s a part of the distribution of Pliocene and Quaternary
basaltic centers in the Yucca Mountain region, and when I
describe the Yucca Mountain region, I"m talking about the
area that encompasses all of the distribution area of these
particular events, and I think Frank gave you a nice
background and update on the status of the studies, and 1711
proceed from that foundation to move on into probabilistic
risk assessment.

And let me point out that I thought that Chris
Fridrich gave a very important talk that brought together a
lot of information from a variety of fields, talking about
this northwest trending zone and how volcanism appears to be
structurally-associated with this half graben system that
maybe strikes up bounded in Crater Flat.

Okay. The basic model that we"ve used for
volcanism is we"ve looked at 1t as a conditional probability,
where we"re looking at three parameters, what we call E1, E2,
and E3. E1 refers to the recurrence rate of volcanic events,
and we describe it In a variety of ways. In fact, this is

fairly important, and I"1l1 describe this more, but we looked
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at volcanic centers, clusters, intrusions, polycyclic
episodes, and cluster episodes, and it becomes important in
how you define E1 to be careful to note what event you"re
actually defining in the probabilistic assessment.

E2 1s that, given an event, what"s the probability
that i1t will iIntersect a specified area, and here, we"re
looking at the repository, the controlled area, and also, the
waste isolation system, which we just call the Yucca Mountain
region.

And then, third, E3 i1s the work that Frank
mentioned that Greg Valentine i1s doing, and it"s becoming a
focus of our work, particularly moving on into fiscal year
1995, where we"re looking at the effects of volcanism,
looking at both what we call eruptive releases, or what some
people call direct releases, and then coupled releases from
the effects of iIntrusions either through the repository or

adjacent to the repository where they disturb the waste

isolation system.

My talk i1s going to focus entirely on E1 and E2. 1
should mention that I put in some extra material In your
handouts, so you"re going to have to kind of scurry to follow
me in some places. 1 figured that would be a good way to
keep your attention.

What I want to go through first i1s the logic of how

we"re doing this work, because 1 think 1t"s important to



© 00 N oo g b~ w N P

N N NN NN P B P B R PP PR R
a B W N P O © ®©® N O O M W N PP O

266

understanding how we"re applying this probabilistic hazard
assessment.

The first question we have--we asked a series of
questions. The first one i1s: Is there a risk of future
volcanism? And I think there i1s probably one of the few
areas that we agree on, that we"re here because there is a
risk for the Yucca Mountain site, and we"ve established that
through the EA, SCP, and ESSE.

So, given that there i1s the presence of Quaternary
igneous activity in the region, we then progressed down
through a series of questions. The first question we asked
is: What is the range of possible future events? And, as I
mentioned, there are really two categories of them.

The one that we are emphasizing, and is what I™m
talking about today, is what we call the formation of a new
volcanic center, and the reason that"s important is there is
spatial uncertainty in the location of where that event might
be. We can only approximately bound where 1t might occur.

We cannot predict where it would occur, and that leaves a
finite possibility that the event could occur through the
repository, and potentially disrupt the repository.

The other events that we"ll be doing in future work
i1s looking at polycyclic events, both in terms of an event at
an existing center, and in a cluster expanding off of an

existing polycyclic center.
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Okay, so, given that we"ve defined the types of
events, the next question we asked is: What"s the nature of
future volcanic activity? And I"m not going to go into a lot
of detail here, other than to point out that there are four
basic types of eruptions that we see, and perhaps this last
box captures what"s Important. We see mixed dikes. There is
a bit of a time trend that the oldest eruptions, the Pliocene
eruptions tend to be predominantly Hawaiian, despite
Strombolian, and we"ve seen a bit more of a Strombolian,
slightly more gas charge eruptions in the younger sequence of
events, the late Quaternary, and that hydrovolcanic activity
has occurred, but I want to point out that, first, we think
there®s a fairly low, percentage-wise, probability of a pure
hydrovolcanic event because of the deep groundwater table
over 2,000 feet at the Yucca Mountain site.

Now, associated with any one of those events, they
have to be accompanied by an iIntrusive event, and this Is an
area where we"ve had some longstanding, what I call
communication issues with the NRC. And, basically, what we
recognize is that, given any volcanic event, it has to be fed
by an intrusive system, the dike feeder systems, and we break
out three scenarios for that.

One is that you can have just a simple eruption,
accompanied by just linear dikes, and that seems to be the

predominant case, we think, when we look at the geologic
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record.

A second i1s that, associated with eruption, you can
develop some more complex intrusion forms; sills, primarily,
and we"ve pointed out in our papers some examples, like iIn
the Payute Ridge area, where this sort of thing has occurred.

It becomes important because i1t changes the amount of
potential interaction with a repository.

And the third one that we®"ve had, where we have
some disagreements i1s, is i1t possible to have an intrusion,
which would be an intrusion without eruptions? And we look
at both models here, and what I want to carefully point out
IS what we"ve been saying is not that intrusions won"t occur,
but for every case where we see a subsurface intrusion, we
also see evidence that it erupted at the surface, and so that
really directly deals with this issue of undetectable
intrusions. As long as you have a surface eruption, we think
that these are pretty easy to recognize in the volcanic
record. We have not been able to recognize any site yet
where there was an intrusion without an accompanying
eruption, but we caveat that with it. We"re still conducting
site characterization studies.

Now, given those two questions, how do we set up
our probabilities? And, again, 1°ve already described this a
little bit. 1 just want to point out that in the status

report that"s coming out, we hope, iIn the next month or so,
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we focused entirely on these first three probabilities where
lambda i1s describing the different types of events, and kind
of the preliminary conclusions we have here, that fall from
simple logic, is that the probability of an intrusion has to
be greater than or equal to a volcanic event, since for every
volcanic event, there has to be an intrusion; and then,
second, the probability of a cluster is less than the
probability of events, since there are more volcanic centers
than there are clusters.

One of our preliminary conclusions that we"ve
presented iIs that the probability of intrusion appears to be
about the same as the probability of a volcanic center
forming, and I just mentioned why we established that. We
also have argued that we use the 10® number, recognizing
that that number may not hold up with the reexamination of
the EPA criteria, but we use i1t as a basic logic step iIn our
work, where we test whether or not the events are greater or
less than 10 is a way of kind of checking where we are.

And what we argue is, all these recurrence rates
are greater than 10® events per year, and here, we"ve had
complete agreement on this with all workers.

Okay. Now, given that an event occurs, that you
have an event, where does it occur? And here is just some
simple background information. We describe what we call the

Yucca Mountailn region, or what Gene Smith has called the Area
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of Most Recent Volcanism, and we argue that that area is the
likely area that a future event"s going to occur. Basically,
all events that we"re looking at have occurred in, by
definition, in this area.

And then, second, we recognize a couple of
structural zones that are possible here. Chris Fridrich
talked about the evidence for the Crater Flat Volcanic Zone,
and when we sum the 20 events, basically, greater than 90 per
cent of them have occurred within this zone. Only one has
occurred out of them, and within this zone, what you see 1is
that there"s a tendency for most of the events to occur
within alluvial basins, and a lower frequency of occurrence
within range fronts and range interiors.

The Northeast Trending Zone, that 1™"m sure Gene
Smith will be talking about some, does account for about 75
per cent of the events, and then for each of these recurrence
and spatial models, we"ve been looking at both homogeneous
and non-homogeneous Poissonian models, where we look at these
three areas; the Yucca Mountain region, the controlled area,
and the repository. So, this fits into our variable
definition of E2.

Okay. And then, finally, as I mentioned, we use
the criteria of 108, and so we set up a conditional
probability that, given--E2, given E1, for the specified

area, we then test whether or not it"s greater or equal to
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108. If it"s significantly less than 1078, and what"s
significantly less is something that"s not clarified, we
would cease our studies and pass on the occurrence
probability information to performance assessment. If It"s
less than this, we initiate detailed studies of effects, and
our current assessments right now for the Yucca Mountain
region, the controlled area, since they"re larger areas, the
probability is greater than 10%. The repository sits kind
of--straddles the 1078 boundary, and so, we say, probably no,
it"s a possible maybe, but at this point we"re saying we"re
going to have to carry through those studies to effects as
well.

Okay. What I want to say right up front, that we
recognized in the various early applications for
probabilistic assessment iIs we have a data paradox here; that
iIs, we don"t have a lot of events, and, because of that, we
make a fundamental assumption that the volcanic record iIs too
limited to do any kind of statistically robust calculations.

You can"t do tests for statistical significance--
or, you can, but 1t"s hard to argue that there is any
significance to them, and you can"t do goodness of fTit
modeling to try to look at the record. And so, we just
fundamentally assume that you have to look at i1t through
application of risk assessment or probabilistic hazard

assessment, where we use the volcanic record to do four
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projections of probability estimates, and use that record to
try to establish the mid-point estimates of our probability
distributions.

We then use a variety of assumptions to put bounds
on both the upper and lower. The upper bounds we gather from
the regulatory guidance, and the--1"m sorry, the lower
bounds. The upper bounds are used from looking at how
volcanic, what"s kind of the maximum rates of volcanic
activity you get in large fields that have quite a bit more
events than the Yucca Mountain region.

And then, the essence of what we"re trying to do
here is use multiple alternative models in a probabilistic
sense to look at how it affects the probability
distributions, or the CDFs, and the argument that we use Iis
that because we have such a limited amount of data, there"s
going to be a spectrum of models that can be proposed, and
we" 1l never have enough data to either prove conclusively, or
disprove that any model is correct, and so, instead of
assessing one model versus another and trying to evolve one
model, what we argue iIs, the Important thing is not which
model is correct, but what is the effect of the different
models in the probability distribution, and that"s what 1°11
be showing you for the latter part of my talk.

Then, as 1 mentioned, the one thing that"s really

new that I haven"t described to the Board before is we"ve
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done some work now on risk simulation, where we basically use
a Monte Carlo-type simulation to try to generate the
probability distributions, and then look at the effects of
different assumptions on those probability distributions,
and, again, what we do is we look at all alternative models,
focusing on the occurrence probability.

We plan, when Greg Valentine®s work gets more
evolved, to add in effects to look at risk and what we try to
do is make sure we set up our models so that we don"t
underestimate risk, but, within that trying not to
underestimate, we also ask that the alternative models must
be plausible, physically; that is, if you look at the
tectonic record and the physical processes of how volcanism
operates, you shouldn®t use a model that just doesn"t make
sense.

And this i1s where we bring In judgment, that is one
of the reasons why I think expert knowledge iIs so important

to bring into this. There®"s going to be a spectrum of

19 judgments on what is physically plausible or non-plausible.

20
21
22
23
24
25

Okay. We"re bringing a slightly new perspective
into this volcanism status report that you should have gotten
a copy of Chapter 7 on, and the difference is that what we
did in all of our previous studies--and | think what most
other workers have done--is tried to identify the bounds on

volcanism, particularly the maximum bounds to see whether or
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not i1t was a disqualifying issue, and we feel we"ve gone
enough beyond that now that what we"re trying to do instead
IS not emphasize the worst cases, but try to take a
scientific perspective, and somehow block out all of the
value judgments about what 1t means, and just try to define
our distributions as rigorously as possible, concentrating on
the mid-point estimates and the maximum mean.

So, iIn other words, we"re trying to do, from our
perspective as scientists, do as unbiased--if there"s such a
thing as an unbiased probability distribution, but present
those so that the NRC can then look at--not the NRC, the DOE
will then make decisions on how to apply those distributions
to the assessments.

And the reason | want to emphasize this i1s, what I
have seen that"s happened, both iIn my work, and 1 think iIn
some of the other people®s work that we can argue about, is
that if you don"t try to do unbiased distributions, you have
tendency to take conservative assumptions as you go through
each step of your models, and you fold In a non-systematic
bias that"s very difficult to deal with; and, in fact, when
you look at published data and do simple statistics, you find
that the data are strongly skewed toward maximum values, and
I think it"s because of this bias.

So, what we"ve tried to do is emphasize the central

tendencies of datas, and then draw the distribution about
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that, and 1t"s really different than anything we"ve done
before.

Now, what I want to proceed through fairly quickly
iIs jJust show you some examples of how we"re doing this, and I
don®"t want to belabor the points on all this, but for E1, the
recurrence rate, what we"re trying to do is look at a
multiple range of defining E1 and bounding 1t, so the first
thing we start with is try to do some simple time-series
analysis, which has been applied to a lot of historic

eruptions, and the big thing we run into Is, we just don"t
have enough events to do anything statistically significant.

But what I"ve just shown here is a simple plot of,
for clusters, where 1°ve combined the clusters, showing the
ages and the error bars, or recurrent assignments of the
ages, of what you see, just summing the events versus time,
and what you can--the slope of each line segment is roughly
the event rate per year.

And, what you see iIs, there iIs a tendency toward a
slightly steeper slope in the Pliocene, and a somewhat
shallower slope in the Quaternary. |If we add in clustered
events, | think i1t really doesn"t give you much information,
but 1t emphasizes that, in a way, we"re somewhat analogous to
clustered seismicity, that when we get bursts of volcanic
activity, we see multiple events. And, from all of our

studies, we have not been able to discriminate, except for



© 00 N oo g b~ w N P

e e e o e =
o A W N B O

17

276

the Lathrop Wells, the youngest end, any differences in age
by using our method. So, within the uncertainty of our
dating methods, these events seem to be synchronous.

We think, based on Frank®s chemical data, that
there may be subtle differences, but we"re probably going to
never be able to, except for the very youngest end, ever see
those differences.

The only thing 1°ve been able to pull out of a
time-series analysis iIs just to look at repose rates at
repose intervals, and what 1"ve plotted iIs age versus
intervals, and you see, you get pretty disbursed data, and
all I"ve done is two fits, just to show you that there"s an
infinite range of fits that can be done.

The first is a simple linear regression, which has
a negative--has a spoke to it, which you would argue could
suggest there®s been a slight decrease iIn the repose period,

and we think that that may be real. 1 also fitted it with

18 just a distance weight of these squares, which flexes for

19
20
21
22
23
24
25

each data points, and you end with intersecting the Y axis at
almost zero, which suggests that, today, we have a zero
repose interval, which is probably pretty difficult.

The only thing we"re deriving out of this iIs you
take the mean repose period, 1t"s about a million years, plus
or minus 600,000 years. It doesn"t tell you much. What we

have done is only looked at the shortest interval, so in the
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last 4.8 million years, there"s never been a repose period
shorter than 200,000 years, so we just take that as one end
point.

But, let me also point out, within the limitations
of our data, that shortest repose period also happens i1n the
repose period between the two youngest events, and so, again,
we kind of fall up against these difficulties with the
completeness of the data.

What I"ve also done--and 1 don®"t want to go through
all the details here and bore you with the tables, but
they"re iIn your handouts--is we"ve looked at homogeneous,
basically, event counts, and non-homogeneous event counts,
and what 1 mostly just want to show you iIs we"ve put together
a matrix of most likely, maximum, minimum events, and
probably the most important thing to emphasize out of here is
we used fTour different models for doing these calculations.

Two really come out of the regulations, where the
NRC specifies looking at the Quaternary events, which they
define as two million years. We also used 1.6 million years,
and then we do two other models, which I call our preferred
models, because we tie these to the geologic record, where we
recognize the cycle in volcanic activity, and then do our
calculations for those, and this basically represents the
last 4.8 million years, and then this is the last million

years, where we recognize a period where there might be a
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slight increase in rates, or the frequency of events goes up
slightly while the volume is declining, and we do these
calculations.

Now, an important thing in the simple homogeneous
models, what we see is, when we use all the four models, we
tend to get slightly lower values, and the reason i1s that
somewhere you cross intervals of time where there were no
volcanic events. |If we just used the Quaternary, from two
million to one million, there were no events, and then all
the events are iIn the last million. So, we think It
underestimates, a bit, the probability.

So, what 1 do is also show the statistics for the
preferred models, which are just these two models here, and
your numbers range from about 2.3 to 5, or the worst case,
actually, is around somewhere--if I can find it around here--
somewhere around 8, here it is, and then the low is 8 x 10°°
versus 1.5 x 10°®, again, trying to emphasize the ranges.

We also did non-homogeneous models, concentrating
on the work that Dr. Ho has done for the State of Nevada,
where he"s proposed a Weibull model, and one of the key
issues with the Weibull model i1s you have two fitting
parameters. One of them is the beta factor, and what becomes
important is to test whether or not your beta factor is
greater than or equal to one. If it"s equal to one, you"re

basically equivalent to an exponential or a Poissonian
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assumption. If it"s greater than one, you can argue that you
have waxing volcanism.

And here, a second point emerges that"s really
important. |If you do the Weibull calculations for specified
intervals, where it sums across periods of no activities, you
get beta factors consistently greater than one. If you do i1t
for where you tie the iInterval of observation to the geologic
record, the preferred models, all of our beta factors are
less than or equal to one, and so, I would argue that
preferred models are consistent with a waning system, and are
probably more appropriate.

And what you see is, when you sum the statistics of
them, you see that same--the opposite reversal for the non-
homogeneous, or for the homogeneous, that, basically, all
models give you slightly higher values, and then because the
beta factors for the preferred models are less than one, you
get lower values. And, again, what"s important here is just
the ranges of the calculations.

And then, finally, we"ve also play a bit with using
simple regression models, treating volume as the dependent
variable, and age as the independent variable, and we
established 1n some earlier calculations that we had a linear
Tit between the models, but what"s been new is we"ve added
some new points along here, and so, we did some new

calculations to kind of look at what"s the effect of those,
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and 1t basically kind of blows up your regression models to
where they don®"t give you very satisfactory fits. In fact,
the residuals have a lot of structure to them, which suggests
that your regression assumptions are not valid.

What I"ve shown here is just a simple regression
fit, and then 1 did a distance weight of these squares, which
suggests that you might have a curval linear relationship,
and to test that--

DR. REITER: Bruce, could you just explain what that
plot shows?
DR. CROWE: Oh, okay; sorry.

What I*m plotting on here is the volume of events,
so each point is a volcanic event and its associated volume,
and what you see i1s, there®"s a dramatic decline in volume
through time, versus the age of the events, and then fitting
it with different fitting models.

I also took that same data and log transformed it
to see whether or not we could use a model of iIntrinsic
linearity, and, actually, it does really nicely until we come
down to this data point right here, and what I ended up iIn
some of the status report is, | came up with seven regression
models, and only two of them gave you residuals that would be
generally accepted, and I used those two to try to generate
the slope, which Is the magma output rate per year.

And using that, | then try to do some calculations,
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and I don*"t want to go through all this table. 1It"s in your
handouts, but what 1 just looked at i1s, how can you then use
that output rate, assuming that there"s a representative
volume of an event, to constrain the recurrence rate, and
because there®s been this 30-fold decrease in the volume, If
you sum these through any kind of averaging, you end up with
very, very long recurrence times, in excess of a million
years fTor events extending for both the two preferred models.

And so, what 1°ve done for the only calculations,
iIs assumed a median value for the smallest events that we
recognize, and here we get rates that are not too different,
actually, from the homogeneous and non-homogeneous. You tend
to get values in the 3 to 5 x 107° rate.

Well, what does all this mean? And this is what
I"ve been working on probably the most in the last year, 1is,
again, we are not really concerned with any one value, but

what all of this suite of values tell us, and so what 1 plot

here i1s basically what I call the distribution of E1 and
probability space, and what 1°ve summed on here is all of the
different calculations that | just got done showing you, as
well as including work by the State of Nevada, and work that
Connor & Hill published recently, that shows you the
distribution.

And, actually, what I"m impressed by is our
distributions are not that dissimilar, and 11l show you iIn a
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second how 1 used simulation modeling to show you them, and
then we explore the boundaries of the distribution to data.
On the one end, we have the regulatory perspective that
basically says that volcanism would not be an issue if there
are no events in the Quaternary, so I turn that into a
probability of 5 x 107 for this upper bound, and at the
lower bound--1"m sorry. That would be the lower bound, and
then the upper bound of rates, | turn to volcanic fields, and
calculate using simple homogeneous models, what those events
would be, and then argue that somewhere in this distribution
space, between here and here, our values have to apply.

And just looking at this data, | think it kind of
cries out for a simple triangular-type fit that kind of tells
you about the data. You know roughly where your bounds are
and you have some mid-point estimates, and | use a special
type of triangular model that"s called a Trigen model, where
with most triangular models you have to use zero points for
your boundaries, and the Trigen allows you to assign
different percentiles to your upper and lower bounds, and
then what I did to explore the sensitivity of this is | just
set up a simulation matrix, and, again, | hate to present
complicated tables like this, but let me just point out a
couple of things here.

This is the matrix that | put together for the

simulations, and the across the row variation represents
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different assumptions of models, both a normal model, where 1
just used one sigma, just to look at one sigma, and then
these are the variations of the triangular, the Trigen model
that 1 used. So, the variations that you see across here
represent simulation assumptions, and then each vertical
column represents differences iIn the types of models that you
can use to do the calculations.

IT you then run simulations to generate your
distribution curves, here"s what they end up looking like,
and I think one of the things I"ve been impressed from,
particularly talking to Kevin Coppersmith and looking at some
of the seismic issues i1s, for E1, we end up with a real tight
clustering of events. | mean, 1°ve always been impressed
when 1 show seismologists, because we"ve been arguing about
the significance of these for about the last five years, and
yet, seismologists go, "Wow, that is tight data."

And, what 1"ve shown on here is the min and
maximum, and then 1°ve also showed Dr. Ho"s calculation. We
have a little bit of disagreement with Dr. Ho, but primarily
because the shape of his curve is very similar, but 1 feel
that what he did is applied his calculations to a worst case,
and then set up confidence intervals about that worst case,
but our approaches are very similar, and 1 don®"t want to say
that we"re different, we"re just different In where you would

center your distribution.
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I feel that his tends to be a little bit more
skewed than we would argue, but I also would point out that
we"re not going to get that upset. |If you look at the range
of expected values iIn here, we think that we could just look
at this whole range without much sensitivity.

And 1n order to look at this, what I"ve actually
done is used a method of looking at uncertainty bands about
your distribution, so on the Y axis here is the E1 values.
The blue line represents the median of values, the 50
percentile, the upper red is the 90 percentile, and the lower
red is the 10 percentile, and what I was looking at iIn this
particular calculation i1s just if the variability of

uncertainty depended on the different distribution models

that 1 used.
And what you see is, depending on how tight or
broad 1 make those distributions, the uncertainty expands,

and this last one over here i1s, because 1 only used one
sigma, you have a smaller uncertainty about the normal

distribution model.

And then, this is for the homogeneous. [I"11 just
quickly show you, 1 also did 1t for the non-homogeneous, and
we end up with very, very similar results. The only

difference i1s, because the beta factors for the preferred
models are less than one, you tighten up your distribution

down here on the normal distribution.
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I"m kind of scurrying through this. Let me just
show this one quickly. How am I doing on time?

DR. ALLEN: You®ve been talking for a little less than
half an hour.
DR. CROWE: Okay, great. That"s about right.

What 1°ve done for this one now Is, this iIs showing
the uncertainty in the vertical column variation, so you're
looking at the uncertainty created by differing modeling
assumptions, and what 1*m impressed by is just the bands are
about the same iIn this modeling, and the only difference we
have is this i1s Dr. Ho"s model, which has about the same
uncertainty, but i1t"s skewed a little bit toward higher
values, so you see a slight change in the median value here.

But, basically, the uncertainty is not that different with
differing modeling assumptions.

Okay, and then, quickly, 1 wanted to say a little
bit about E2 now. What 1"ve done with E2 is used the same
approach; again, not try to emphasize what anyone model is,
but what are the ranges of results that you can get from

multiple models, and, here again, we have some areas of

controversy.
What 1°ve plotted here i1s just the distribution of
volcanic events iIn Mercador-projected coordinates, and we"ve

had some arguments about whether or not this is a homogeneous

or a non-homogeneous distribution. 1 argue that if you look
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at this, and visually, in two dimensions, you can see
patterns very nicely, 1 don"t think anybody--it doesn"t take
a statistical wizard to say that this is a non-homogeneous
distribution, and we would agree with that.

Now, what we"ve done in our models, In our spatial
and structural models, what we have done iIs, perhaps
incorrectly, we called them random models, but what we did is
we used different combinations of the spatial distributions
of events, and so, we actually had structural control, we
think, In the way we did these distributions, but within the
area defined by the distributions, we assumed that events
were random enough so that we could do calculations to come
up with the results.

So, the only caveat 1 add is that we never have
said that this i1s a homogeneous distribution, and I would not
want to try to defend that, just looking at this
distribution. And just to show you, we"ve used--what we did
is, we"ve looked at all the published, we"ve looked at
spatial models and structurally-controlled models, and 1 just
want to show you one example of how we project these iInto
disruption ratios.

What we do is, here I"ve just done some visual
clustering. Since we only have two dimensions, 1 didn"t
bother going to formal multi-varied cluster analysis. 1 just

visually clustered these based on all the geologic
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information that we had, and I went through iterations of,
here®s the first simple cluster, the second joins adjacent
clusters, and the third joins--it goes to a third iteration.
You end up with a Crater Flat Volcanic Zone, the Northeast
Trending Structural Zone, and one that nobody"s yet named
here, and, obviously, it"s not related to the repository,
which iIs just an East/West Trending Zone.

And then, what I do with those models is just the
same sort of thing that I did with E1. 1 look at a range of
the different calculations in this table, and I try to look
at all the variation. Now, what we end up with this data set
IS i1t"s strongly skewed. You tend to always get values
skewed as greater than one, approaching two or three in some
cases, and the reason iIs that there are some models that have
high disruption ratios.

And, again, 1 don"t want to make you go through all
this stuff, but let me just point out that the model that
we"ve emphasized is what 1 call the intersection model. For
Model 2 and 3, we weighted them for the percentages of
occurrence of volcanic events and ranges versus alluvial
basins, and whether or not DOE chooses to use that is really
their option.

Let me quickly point out that one of the things
where 1 think volcanism differs a little bit from seismicity,

is we really have some spatial problems iIn the
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predictability, and you have to guard yourself against
assuming some predictability that®s not in the data set, and
I want to show this by just showing you how events have
Jjumped around.

Again, this is a lat-longitude plot of the events,
and these bars represent the maximum cluster lengths that
we"ve observed, and 1°ve drawn them parallel to what I think
are the controlling vent alignments that we see at each
center.

And what you see if you step through time is where
there is a pattern of concentration iIn this northwest
trending zone, the position of sequential events jumps quite
unpredictably, both in their locations and their jump
directions. So, the first event starts up at 4.7 here, the
next event jumps way down to here. The next one is in Crater
Flat here, next one jumps out to here, then to here, then
back out up to Sleeping Butte, and then back down to Lathrop
Wells.

And so, one of the cautions that I have used in the
models, and 1 urge other people to use, iIs that you have to
be careful that you don"t do some simple distribution models,
assuming that there is more predictability In the path
distribution than is really represented in the record.

And, I"m just going to quickly show just this

matrix. All 1°ve done is taken structural models, and iIn
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your handout, I went through a table of 13 structural models
that 1 used to generate these, and I have 17 cases of
application of them. |1 don"t have the time to go through all
of those, but, again, what 1 tried to emphasize i1s structural
model approach is to look at different tectonic framework
models, and then to look at how that would affect the
distribution, and then I expand those models so they don"t
include intersection, to be consistent with how 1 did the
spatial models.

Now, the only thing I want to point out here iIs we
do have one set of models which are all down at the bottom
here, which does include the repository. All the other
models, when you just use their structural areas, do not
include the repository. You have to expand them, using some
assumptions for expansion, in order to get the probabilities,
and when you just take the subset of these models--this is
what I call the northeast trending models, they tend to give
you lower values than the average of all the others, and what
I point out 1s | think that the northeast trending models are
really not sensitive to the probability distribution.

Then one last thing that 1 do is I make analog
comparisons to other volcanic fields, and here, what 1™m
looking at i1s kind of testing the model of we only have--this
is the Lunar Crater field, with each little star being an

event that we noted for Quaternary--these are all the
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Quaternary events in the Lunar Crater volcanic field.
There®s roughly 82 events, and, actually, the details of
event distribution isn"t important, but what I did is some
simple spatial fitting to look at the dimensions.

And the analog here i1s that, say we had a busy
volcanic field with a lot of events, what kind of dispersion,
what are i1ts length/width ratios, and how would that compare
iT we superimpose that on Yucca Mountain? So what I did is
calculated the centroid of the distribution, and then 1
calculated using a bivaried Gaussian ellipsoid, the 90
percentile and the 95 percentile, and I just used these to
measure the half-lengths across the field, and the length
dimensions, and then 1°ve done this for a variety of fTields,
and then superimposed it on the Yucca Mountain region, and,
again, this will be controversial because 1 assumed that the
northwest trending model was the most proper way to put this,
and we can have lots of discussion about that it we"d like.

But, the point is, that if you put this--1 located
it in the center of the centroid of the distribution of
Pliocene events, dropping out Buckboard Mesa, which 1 don"t
think belongs in here, and what you see is that the
dispersion in Lunar Crater is not that dissimilar from the
dispersion we see in the Yucca Mountain region. The half-
width i1s only slightly longer than the maximum cluster length

here, and if you put--if you plot Lunar Crater down into
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Yucca Mountain, you would not, naturally, intersect the
repository.

Now, that doesn"t mean that all volcanic centers
are that way. What 1"ve used iIs the two most--closest
analogs to Yucca Mountain. |If you go to like the San
Francisco Peaks field or some of the platform-type fields,
you get a lot more dispersion, and I"ve superimposed those,
and those would represent intersection. And so, again,
there®s judgment in deciding what analogs are appropriate.

Okay. What I end up here is the same thing that 1
did with E1, where I just look in probability space at the
distribution of events, and i1t"s a very busy diagram. |
don®"t want to belabor you with all the points, but most of
the values do tend to cluster in the 3 to 5 x 1072 range, but
you do get some numbers that sit way out here, and what 1-ve
shown is, this would be the ratio if you just randomly
located a repository within Lunar or Cima Volcanic Field.
This would be the ratio you"d get.

I just did statistical analysis using exploratory
data techniques to look at what would be i1dentified as
outliers, and this vertical green line i1dentifies models
that--this would be a standard outlier division, so anything
across this way. 1 use this primarily because it gives you
kind of a non-biased way to look at these models.

What I would argue is, anything, certainly,
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exceeding the Lunar and Cima, or approaching these, are
probably skewed models that may not be physically plausible.
Again, and then what I used was simulation modeling of E2 to
look at the sensitivity of these, and what we get is a bit
more disbursed curves with E2.

This represents the sum of all the spatial models.

The red line i1s all the published calculations. The blue
line is the summation of all the structural models. This 1iIs
the northeast trending models that I pointed out, and then if
you edit outliers out of the spatial and the published, they
plot within this more vertical; again, much less variance by
taking out outliers. The issue is whether or not that"s a
valid way to look at the data.

And then, again, 1 also look at that in terms of
the uncertainty variation about E2, and what you see is if
you just take the raw data sets, you have pretty large
uncertainty bands. If you edit them or make judgments about
the suitability, you narrow those bands, but, again, this
requires judgment. It"s one of the reasons why 1 think we"re
going to have to go to expert opinion to try to get as
unbiased view of that as possible.

Okay. Now, quickly, what does all this mean? What
I then next did is, using the probability model, looked at
the conditional probability of both E1 and E2 occurring, and

ran simulation modeling, and what I did is ran three sets.
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What I first did is set up a matrix of E1 values,
and then 1 fixed E2, and then ran simulations to look at the
curves, and I was actually a little bit surprised by this.
The median values, the 50 percentile, come out pretty tightly
around 2 to about 3 x 108, and there just is not much
variation. 1 plotted the min-max. All the rest of those
curves would sit right in the middle here, and so what 1
would argue is there just is not a lot of sensitivity of the
recurrence rate models for our calculations.

I repeated the same process, but, instead, fixed El
at a median value of about 5 x 10°, and then ran results for
variable E2s, and what you see is for a lot of the models,
particularly if | edit the outliers out, they sit in about
the same position. Again, the values are not that different.

They"re about 2 to 3 x 108, but you do get some high values
with an expected value as high as 7.3 x 1078 when you look at
all the potential cluster models.

So, what 1 then did is used this distribution,
began looking at what combinations generated these high
values, and when 1 did that, what 1 found was two things:

One is that a number of these models may not be structurally
correct. | mean, you"re really pushing them to get
intersection; and second is that it made me recognize that
there i1s a bit of interdependency of E1 and E2 that you have

to look at, and developed one last matrix.
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And what I"ve done here is, if you take different
assumptions about a spatial model, they may or may not
include all the volcanic events, and so, if you just look at
E1l and E2 independently, you can come up with combinations
that are not physically real, and so, what I did is, 1 went
back to my matrices and 1 said, "Okay, for each model of El1
that we propose, let"s take a look at what i1ts effects--",
I"m sorry, "--each model of E2, the distribution models, what
are the effects on E1?"

And, you end up dropping out a number of models
that, because they exclude a lot of events, have a low E1,
and 1 was able--and I ended up only being able to identify
two models, which are variations of the spatial cluster
models, that give you values that are greater than the
typical values of the kind of the median points, and you get
numbers of 7.5 and 4 x 108 for those.

And, what 1"ve done i1s just flagged these as
sensitive models that 1 think the logical thing i1s, perhaps,
to focus our site characterization studies to look at the
feasibility, and begin to test those models as being the most

sensitive parts of your distribution.

Okay. 1 have two last view graphs to kind of sum
up what we"ve done. | think what we"ve learned from the
probability estimates, and particularly, the simulation

modeling, is that we have surprisingly well-constrained
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recurrence models, and they just are not that sensitive,
particularly to variations in your mid-point estimates, and
what®s more important is the shape of your boundaries really
affect how it pulls that distribution in the simulation
modeling much more than the mid-point.

And then, second, I1°"d just like to make a point
here that Jeanne Nesbit will expand upon, that we have been
looking at this 1078 criteria for kind of sensitivity, and
the 1078 criteria was originally written, was that if you can
show that the occurrence probability is less than 1078, you
may not have to proceed to PA, or performance assessment, to
investigate this.

What we"ve never looked at is what is our upward
sensitivity? And so, what I just showed here is some of the
things that could change would be, let"s say we have
undetected iIntrusions or centers. |If we just say, how much
would it take to move from our median values to, say, 1077,
and we don"t even know if 1077 is a sensitive area, you"d
need like a factor of two or three, and that would have to
mean that, for the record, that we have as many as 14 to 21
undetected intrusions and, you know, 1"m kind of anxious to
see what the NRC would say to that.

My argument would be that that would be very
unlikely, but we may debate that for a long time, and that"s

another reason why I want to go to expert opinion.
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And then, additionally, on the structural models,
we were able to i1dentify a couple of small number of
structural models that are sensitive to the distributions,
and what we"ve planned to do now is particularly use
geophysics and field studies to focus on those models, just
to test how important they are, how real they are, et cetera.

And 1 do want to point out that, like in the dike
propagation models that we use, If some of the models that
have been used with very long dike lengths are true, we
probably should be having dikes already iIn the exploration
block, and it"s going to be interesting to see, with the
tunnel-boring system going, whether we"ll actually see any of
those. It"1l1 be, actually, one test of kind of the extreme
end of the models.

And then, finally, the northeast trending models
are not sensitive. They just do not drive your distributions
in either direction. They tend to be centered right around
the median values.

What we do need iIs that we"re going to have to use

20 judgment in assessing these high probability disruption
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ratios, these disruption ratios that give you the higher
probabilities, and then, the next step is that, clearly, from
where we"ve gone, the effects become very important, and this
IS going to be the emphasis of our future program.

The fourth, or the five things, actually, again,
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that 1°ve kind of touched on through my whole presentation
is, as Frank Perry pointed out yesterday, our next step is to
begin exploring the sensitivity of probability calculations
for the polycyclic model, and here, the polycyclic model uses
a spatial predictability that we didn"t think we had. What
it says is that the most likely event is likely to be another
event at the existing volcanos, which are 20 and 47
kilometers away, and we would argue that these may have
fairly high Els, but they"re going to have very low E2s, and
probably extremely low E3s, and this is something that Greg
Valentine is looking at right now.

He"s trying to define what we call a standoff
distance, how far away do we have to be from the repository
before the effects virtually go to zero. And then,
additionally, we"re going to be focusing on geophysics
studies. George Thompson from Stanford University is helping
us kind of do an overview of the presence of magma bodies,
undetected features, and this could be the one area that we
might see some variations in our calculations.

And then, third, an important thing i1s that from
Frank®s geochemistry perspective, we want to look at
different models of how these volcanic fields evolve, and,
again, look at a spectrum of models to see how they would
affect your probability estimates.

And then, finally, what we plan to do from here 1is
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we"ve established a probability framework through simulation,
and what 1 think we can do nicely now is begin to get new
data and new different models. We can just begin to plug
those Into these matrices, and look at our sensitivity, where
we define the sensitivity as the effect on the distributions.

And the last one underscored is kind of a lead-in
for Kevin. Where are you, Kevin? Oh, out there. We
basically feel that this iIs an important area to go into and,
in fact, | feel so importantly that 1"m giving up part of my
presentation time for Kevin, and 1 also gave part of my
volcanism budget this year to PA, so that they could give
Kevin some seed money, so that"s the depth of my commitment.

DR. ALLEN: 1 think we"ll go on with Kevin before we
take questions on this, since 1t"s all part of the same
presentation.

DR. COPPERSMITH: That"s pretty impressive. You wore
out an Energizer.

(Laughter.)

DR. COPPERSMITH: 1I"m out of breath, and I haven"t
started yet.

What I1"m going to talk about, very briefly, is a
project that is just beginning to look at the Probabilistic
Volcanic Hazard Assessment. Obviously, Bruce and his
colleagues have made a lot of progress after the last several

years in field data collection, the quantification of their
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information, their dates, their spatial distributions,
basically, where the different units are, and now they"re
getting into the types of work that Bruce has been showing,
and have been, actually, for several years, looking at many
of the elements of probabilistic modeling of volcanic hazard
assessment.

In that process, they"ve identified particular
areas where there is a diversity of judgment about particular
interpretations that could be made, whether or not i1t"s the
structural models, information on E1 related to rates, and so
on, and what we"re doing now, as a follow-on to that, iIs to
develop a program to actually formally incorporate that
diversity of expert judgment about these particular areas.

I do want to point out that in terms of the
sponsorship of the study, a real champion In the system is
Jean Younker, who"s not here, 1 don"t think, TRW, who is
really very much committed to carrying out this type of
study, and to the application of similar types of studies iIn
other areas for performance assessment.

In terms of an overview of the project, the status
IS, It"s just beginning. 1 hear that the contract®s iIn the
mail. The fTirst task, obviously, will be the development of
a program plan and a peer review plan, which are very
important to the project overall, and we talked a little bit

yesterday, and there may be some more discussion in the round
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table today of this concept of the use of peer review, and I
think, to me, this iIs something that"s vitally important, is
an understanding of how expert judgment can be used iIn the
context of the peer review program and procedures that exist
within the program, and 1 think they can.

The twofold purpose of the study is, obviously, to
quantify the probability of occurrence, as well as the
disruption probabilities. This is E1 and E2 that Bruce
talked about, and to quantify the uncertainties associated
with these assessments, including the diversity of
interpretations that might exist among multiple experts.

The exact procedure for doing that, particularly
Item 2, is to be determined. We"re just beginning. 1 think
that the role of a technical facilitator or integrator will
be defined. This iIs very important in terms of how
assessments are actually done. We"ll go through a process
that does involve selection of experts, the elicitation and
aggregation and documentation of procedures as well, and 1711
talk a bit more about those In just a second.

But, what do we draw on? Where are the precedents?

We talked about some of these studies yesterday, and they~re
well-known to many of the people iIn the room. From my
standpoint, these types of studies--and there are others, as
well--are the sort of experience database that we would begin

with to develop an appropriate methodology for this type of
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assessment, and 1 want to point out a couple of these; some
that 1 think are particularly pertinent.

One 1s the top one, iIs a recent study that was done
by EPRI on the earthquakes and tectonics. You"ll notice that
these, almost iIn every case, deal primarily with seismic
issues. Earthquake hazard assessment has been a ground
breaker in many ways in dealing with some of these things, no
pun intended. 1t"s non-coseismic displacement.

This particular project was one that was done as a

demonstration of ways of quantifying uncertainty about the
earthquake hazard, fault displacement hazard at Yucca
Mountain. It involved a formal elicitation of seven experts.
Workshops were held, and so on; again, a demonstration to
show that not only this type of diversity of judgment could
be incorporated, but, also, that a wide variety of experts
could be brought together and could interact, and judgments
could be developed In a very cooperative manner, and i1t was
very successful from that point of view.

Also, the EPRI performance assessment project,
which this is actually the master project--this is a sub-
component of that--performance assessment methodology was
developed, earthquake being one element of that; volcanic
hazard, Mike Sheridan was involved in that component as well.

A recent study that has been done by the Center, |

think, 1s very appropriate in terms of the use of expert
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judgment. 1 think In some ways iIs, again, a demonstration
project for how expert judgments can be incorporated, in this
case, Into an assessment of the likelihood of future climate
change.

And actually, this project, which has been known
now and formerly as the SSHAC Project, S-S-H-A-C, the Senior
Seismic Hazard Analysis Committee, which is a jointly-funded
program to basically develop a seismic hazard methodology

that these particular agencies can feel comfortable with over

the next decade or so.

These issues of expert judgment elicitation are
being dealt with head-on. For example, I just wrote a white
paper that the committee will discuss In a couple of weeks

about the relative value of the use of expert judgment formal
elicitation versus a process of a single team developing a
particular assessment that"s subject to iIntensive peer review
or participatory peer review. What is the difference in
those? When would you use one, and when would you use the
other? What"s the relative value? So, this project is
focused very much on these issues. Bob Budnitz is the chair
of that project.

Other studies that we were aware of that have been
done iIn the eastern United States, formal elicitation of
experts In a variety of ways, either in writing or through

interviews, are all appropriate and pertinent to this
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particular study; same thing in terms of the EPRI studies.
Also, recent studies that are being done for WIPP by Sandia
are 1mportant experience databases to draw on.

I want to jump up onto a soap box, since Bruce gave
me a little bit of time, and talk about--

DR. ALLEN: You“ve got three minutes left.

DR. COPPERSMITH: Great--about some of the subjects that
people ask questions about. These are actually commonly-
asked questions about expert judgment, period, but in the
context of the Probabilistic Volcanic Hazard Assessment, they
are again being asked, and 1 would offer, for example, this
definition of what expert judgment is.

It"s the analysis of data by knowledgeable
individuals to make iInterpretations about the future. This
means, then, that there"s a couple of key components that has
to do with the analysis of data. It"s not data itself. It
also means that knowledgeable individuals do this. That"s
why they"re called experts, and they are used to make these
future assessments of what we might expect to happen in the
future.

Why do you use expert judgment, then? Primarily,
because we do not get a unique--geologic data or earth
sciences data by themselves do not provide a unique
assessment that is needed for this assessment or prediction

about the likelihood of future events. No matter how good
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our data are, models are needed to put those data together,
to analyze them, and to make those future assessments.

So, when do we use expert judgment? Obviously, 1iIn
a strict sense, it"s used everywhere. 1It"s used throughout
this process. Even if it"s one person doing a hazard
analysis, i1t"s used everywhere, but 1 think from the
standpoint of what we"re really getting at here i1s some key
issues, like when do we need to use multiple experts? Do we
use expert judgment to avoid data collection?

This particular one, I think, 1s, to me, is always
very troubling, that that misconception iIs made, that experts
are being brought in in lieu of a data collection program.
You saw Paul Pomeroy®s slide yesterday that shows a sliding
scale that goes from something that"s purely expert judgment,
without any data, or not much, over to a case where it"s very
data-driven, and I would say even in that case--and Paul
would probably agree--on a very data-intensive effort,
experts are still needed to make an assessment of that.

There i1s no attempt, throughout the volcanic hazard
assessment, certainly, and seismic as well, to use expert
judgment as a way of getting around data collection, but from
the standpoint of even a very data-intensive program like
Yucca Mountain, experts are still needed to make the
analysis.

Why do you use multiple experts? Basically, 1
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think 1t"s the fact that you can have different
interpretations of the same sets of data, different models,
different conclusions.

DR. ALLEN: Could you draw it to a close, Kevin?

DR. COPPERSMITH: Yes. Let me just finish here a couple
of other key areas. 1 think they"re important to this.

The issue of the use of other experts from outside
of the project, 1 think i1t is likely that other
interpretations that we know right now those interpretations
exist. They exist within the peer reviewed literature. It"s
important that those other judgments be used and looked at,
and actually incorporated into the analysis.

Precedents for this type of approach come largely
from earth sciences, from the seismic hazard field, and we
can draw on those, and in terms of what"s the best way, 1
think that is still being decided. There are a number of
alternative mechanisms.

And, finally, on the last view graph, the
procedures that we"ll follow are the standard procedures for
developing any formal expert judgment elicitation, and step
through the selection of the experts on through the different
components and elicitations and feedbacks.

Okay, thanks.

DR. ALLEN: Okay. Thank you, Kevin; thank you, Bruce.

We have time now for questions from the Board or
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the consultants to either or both of these speakers.
Yeah, Mike Sheridan.

DR. SHERIDAN: 1"d just like to make a comment that 1%ve
been attending these sorts of hearings for some period of
time now, four or five years, and that i1t appears to me that
this i1s a major step forward that we"ve just seen presented
that will be very helpful in the resolution of this problem,
and | hope that there will be a publication coming forth to
document this data so that it is open to the general
scientific community.

DR. CROWE: I just want to say, | hope so, too.

DR. ALLEN: That"s Bruce Crowe speaking.

Warner North.

DR. NORTH: First of all, 1°d like to comment that the
contrast between these presentations and yesterday®s, as far
as 1"m concerned, is night and day. It does look like a
major step forward, and It"s very encouraging. You“re
clearly very well-organized in terms of having put together
the data that exists and thinking about how you were going to

do the expert elicitation part to further clarify

interpretation.
I would note there are other areas outside of earth
sciences where this kind of thing either has been done, or is

being done at the current time. 1 would commend to you the

efforts of Carnegie-Mellon on global climate change, and the
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efforts for EPA done out of Argonne Laboratory, In part, on
health effects of ambient lead and ambient ozone.

I think one of the messages that came out of those
exercises is the importance of having a protocol both for how
you are going to do the expert elicitation, and for how you
are going to deal with the documentation questions that you
develop at the beginning of the process, rather than at the
end of the process.

What EPA found useful was to do, essentially, a
pilot version, and de-bug the methodology for the expert
elicitation on a small group of people before going out to a
large community of experts and trying to do it, shall we say,
in an operational phase. So, those i1deas may have some merit
in this situation as well.

DR. ALLEN: Staff?

DR. CORNELL: 1 just had a comment, and it sort of
supports what Warner was saying. 1 have not seen the volcano
work before, and 1 would also like to point out that It is
exactly the kind of thing we were talking about yesterday.
It"s really a good exercise in working backwards from the
probabilistic models as to what the implications are as to
the physics and the structural characteristics, what
additional studies you could do to perhaps reject hypotheses
that are leading to probabilities at one end or the other, to

help focus the research. 1 like it very much. Good job.
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DR. REITER: Leon Reiter.

It"s a question for Bruce, and I guess for Allin,
and that is a question about it seems to me that you“re
relying upon the mid-point as the most robust indicator of
your estimate, and in the past, we"ve had lots of concerns
about mid-point and what kind of mid-point should be used,
the median or the mean of distribution, and 1 wonder if
somebody, you or Allin, could address that, or maybe both of
you?

DR. CORNELL: 1Is this the old mean versus median
controversy?

DR. REITER: Right, sort of. In other words, I guess I
was looking at what Bruce presented, and he was very happy
with the robustness of the central estimate, and then at some
places, the distribution was more skewed, and I was wondering
iT that"s sort of a problem lying in wait that has to be
addressed somehow, and does he have any sort of
recommendations or--

DR. CORNELL: Yes. 1 think in those cases where your
distributions are skewed, the mean probability will be
different from the median probability, as you®ve already
seen, and will be greater In those cases.

There was a concern that we went through in the
seismic area over this. There tended to be a certain

population that tended to focus around the applicants that
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thought the median was a better number, and another end that
preferred the mean.

I think, basically, the support today is we"re
using the mean, and the reasons for doing it are quite
numerous, but include, ultimately, in my mind, the fact that
iT you"re going to use probabilities, ultimately, for
assessments and prioritization of resources, you want to use
mean probabilities In any kind of risk benefit analysis, and
that"s ultimately a primary use.

The quantitative safety goals of NRC came down on
the mean basically because they said, if there is more
uncertainty in the probability, the ratio of the mean to
median will be higher, and this is one way to sort of reflect
the uncertainty. That"s kind of ad hoc reasoning, but it
comes to the same conclusion.

DR. ALLEN: Bob Budnitz.

DR. BUDNITZ: 1 know Allin would agree with the comment
that i1f you"ve got to use one number, okay, but It doesn"t
make sense to use one number. The fact i1s that, what | saw
from your distributions, Dr. Crowe, represented iIn the
distribution our state of knowledge, and anyone making a
decision that wants the details--and you shouldn®"t make a
decision without the details--needs to know the whole state
of knowledge, and sometimes the state of knowledge is

adequately captured by the mean for the purposes of what
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you“re doing, but often, it isn"t.

MR. COPPERSMITH: And, of course, the application here
for performance assessment, we"ll use the entire
distribution.

DR. ALLEN: A final question by Bill Melson.

DR. MELSON: Bruce, you remember your, of course, your
earliest work on this project, and i1t seems to me your
probabilities came out around 1078; is that right? Do you
want to comment on, is this--are we seeing a housecleaning
and an improving methodology, getting back to what was your
original estimate?

DR. CROWE: Yeah, that"s an interesting comment. [I"ve
talked with DOE managers about how we®"ve spent ten years and
I don"t know how many million dollars, and we haven®t changed
any. That, perhaps, Is an argument that we may be getting
near a consensus on doing these, but, yes, I mean, the
distributions are pretty close.

I mean, as | emphasized, what 1 did earlier was
tend to emphasize the bounds, and I really put quite a bit
more effort in trying to produce true distributions that you
can then extract to respond to the regulatories. So, there's
a little bit of difference there, but the numbers are not
significantly different.

DR. ALLEN: I think we ought to be moving on. Thank you

Bruce; thank you, Kevin.
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The next speaker i1s Jeanne Nesbit, on the use of
Probabilistic Volcanic Hazard Assessment in the Yucca
Mountain Program.

DR. NESBIT: Good morning.

As Clarence said, | am Jeanne Nesbit. 1 work for
the Department of Energy, and Leon asked me to speak today
for a few minutes about how the Department of Energy is going
to take the wealth of information that you just heard Bruce
present, and also that Frank summarized yesterday, and try to
make some decisions about what"s important to do in future
years, and whether we"ve answered the question of when enough
is enough, at least for part of the volcanism issue.

So, I1*d like to touch on today, in the next ten or
fifteen minutes, a few of the things that Leon specifically
asked us to address. | think Bruce and Frank, and also,
Kevin, have covered some of this. 1°m going to try to cover
it from a DOE management perspective, basically, from my
perspective of managing the volcanism program, and having to
try to take this wealth of information and make some decision
on what should be done next and where our resources should be
allocated i1n the future.

So, I"m going to touch on the objectives of the
PVHA studies, which we"ve already talked about to some
extent; the use of this In our programmatic and statutory

decisions; use of expert judgment; determining when enough is
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enough; and also, 171l summarize by pointing out some of the
critical studies that I think we still need to do.

The objectives of Probabilistic Volcanic Hazard
Assessment at Yucca Mountain are to assess the probability of
magmatic disruption of the potential repository and/or the
waste isolation system, and also to constrain the effects of
magmatic events on the potential repository, and that"s
really the next phase which both Bruce and Frank have alluded
to in their presentations.

1"d like to point out that our primary focus to
date has been to try to determine whether the probability of
magmatic disruption of the potential repository is large
enough to disqualify the Yucca Mountain site. So, that was
really our Tirst key focus, was answering that question. We
felt that was most important to determine fTirst, was whether
Yucca Mountain site would possibly be disqualified due to,
primarily, a volcanic eruption.

What I"ve shown on the other view graph here--and,
I"m sorry, 1 think in your hard copy, the shading didn"t come
out for some reason, but what 1°ve highlighted here i1s what
we call our post-closure tectonics program, which, actually,
volcanism is not a separate program unto itself, although
sometimes 1t seems to have a life of its own. It iIs part of
our tectonics program, specifically aimed at post-closure

issues, and what 1°ve highlighted here, really, is the
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studies In that program, the volcanism are highlighted.

This is the probability study which Bruce just
talked about, and 1 just show the arrows, the information
Tflow In this program, with data collection and probability
calculations being fed into what we"ve been referring to as
Greg Valentine"s effect study, which is basically here, and
it"s really the link between the data analysis and
probability calculations and total system performance
assessment.

What I also wanted to point out here is that there
is this link which we have focused on specifically between
the probability study and answering the site suitability
question, and that i1s, would the Yucca Mountain site possibly
be disqualified due to the volcanism issue. 1711 leave that
up there for reference.

111 also point out that these other studies are
not necessarily part of the volcanism program, but that the
pre-closure tectonics information that Tim talked about
yesterday feeds in here, which is the other study that links
the data collection, and looks at tectonic effects on waste
isolation, basically, and i1t"s kind of the link between the
data collection and analysis, and total system PA.

So, i1n order to talk about how we"re going to use,
or how we have used our probabilistic volcanic hazard

information In our programmatic and statutory decisions, |
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need to remind everybody of what our regulatory requirements
are, and what we"re actually trying to look at, and that"s
primarily those contained in DOE siting guidelines, which is
10 CFR 960, and the NRC guidelines, which is 10 CFR 60, and
they“re both focused, really, on complying with total system
performance requirements, and also, for 10 CFR 60, engineered
barrier system containment and release rate requirements.

DR. BUDNITZ: But the first one doesn"t exist.

DR. NESBIT: Yeah, 1 realize that 1t"s--but that"s
what"s in 10 CFR 960 currently. 1 realize that this
regulation doesn"t exist, so, we"re basically operating to
something that doesn™t exist.

Yesterday, however, 1 think you pointed out that
even though 1t doesn"t exist, we still need to be doing the
work that"s necessary, soO...

(Laughter.)

DR. NESBIT: The point is that the focus Is on post-
closure issues, waste isolation issues, total system
performance. Also, that i1s also what"s required in 10 CFR
60, and then, specifically, our guidelines iIndicate that we
need to meet the post-closure tectonics qualifying condition,
which is what 1 alluded to here with this question of
potential disqualification of the site.

So, 1*d like to give you a couple examples of how

we"ve used a couple of tools and how we"ve come to some
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programmatic decisions in the past. First, the Early Site
Suitability Evaluation, which Tim summarized yesterday, there
was a lower level finding on the tectonics qualifying
condition, but their recommendation here was just to continue
volcanism studies as planned, and they had a few other
recommendations, which 1 won"t go into in detail. That was
their basic recommendation for us.

Total System Performance Assessment, the first
iteration, looked primarily at eruptive effects of dike
intrusion into the proposed repository, and their conclusions
were that the consequences did not exceed the regulatory
release limits, and 1711 point out that those regulatory
release limits do not exist not, but this was also based--
there®"s a caveat here that it"s based on really limited, what
we call "effects” data, basically, the work that Greg
Valentine is now really getting started on.

So, their recommendations for us were that they
needed to know the estimate of the probability of occurrence
of subsurface events. This iIs what Bruce has alluded to when
he"s talking about the probability of an intrusion versus an
eruption. And, also, they need to know the quantity of
debris that could be ejected from repository depths during a
volcanic eruption, and as Frank summarized yesterday, this
has been Greg Valentine"s fTirst focus, and he has quite a bit

of that field data now completed, and will be able to provide
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this information to the TSPA people, hopefully, for inclusion
in their next iteration.

So, these were their two recommendations, and,
based on these recommendations, we"ve tried to focus on, over
the last year or so, moving the volcanism program from the
characterization data collection, analyzing Lathrop Wells
studies, and the probability calculations, we"ve tried to
wrap as much of this work up as possible and focus our
resources on the effects studies.

111 touch briefly on determining when enough 1is
enough, just to remind everyone that determining the answer
to that question really depends on your perspective, and I ve
highlighted a couple here.

For the principal iInvestigators, they basically ask
whether they®ve completed the plan that they laid out, and
this, In our case, 1t"s something we call study plans, but
they spend a lot of time and energy scoping their studies
out, writing down what they need to do, and when they have
completed this, when they have adequate confidence in their
results, then their answer is, '"Yes, we have enough."

But, from a DOE perspective, from my perspective,
and the information 1 need to provide to my managers, we need
to look at the value of obtaining additional site data versus
the cost, the cost benefit of additional performance

assessment, and, really, how strong is our case of compliance
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with the regulations that 1 highlighted earlier.

And, 1711 point out that, In answering some of
these questions, there are several tools that we use; site
suitability evaluations, issue resolution, which is primarily
contained iIn topical reports, total system PA, which 1 have
just talked about a little bit, and then the formal peer
review expert judgment, and also, feedback from oversight
groups and our regulator.

Let met summarize for you, then, what we"re trying
to--some of the tools that 1°ve just alluded to, and how
we"re going to try to use some of those in the next couple of
years. These are primarily major milestones for the
tectonics program. The shaded ones are things that are
specific to volcanism, and in fiscal year "94, as we have
said, Bruce®"s report, volcanism status report will be
completed, and we"re trying to finish up the work at the
Lathrop Wells Volcanic Center.

In fiscal year "95, we will decide whether it"s
appropriate to write a topical report to try to start
resolving some of this with the NRC, so that would be the
tool of issue resolution, 1If you want to look at the tools
that we use. Also, there i1s possibly a suitability
evaluation that will be done in fiscal year "95.

Some of the key things that we will be doing in "94

are, as Kevin has summarized for you, the expert judgment
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work, which is, hopefully, going to help us take a look at
the abundance of data and information that Bruce has just
summarized for you, and provide to us some expert opinion on
how we can narrow down some of that data, and what data is
really important to be looking at, and where we should try to
focus future studies.

So, this, combined with the external geophysics
review that Bruce also talked about that George Thompson 1is
doing, where he is going to look at whether we have enough
geophysics information already to determine the question of
buried magma bodies iIn Crater Flat, or whether there are
additional things we should do, this information will all be
looked at over the next year or so, and we"ll feed that into
our decisions about whether 1t"s appropriate to write a

topical report. These will be fed Into suitability

evaluations.
Also In "95, which I don"t have on here, i1Is another
total system PA evaluation, where this information and Greg

Valentine®"s effects work, which, although officially is
starting here in fiscal year "94, some of his preliminary
studies began before that, and so he is pretty far along on
at least the question of the amount of material that could be
entrained and erupted at the surface.

These things will all be factored in to some of the

tools that we use In "95, and then these are some of the
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larger milestones that we plan to complete iIn "96.
Basically, these are final report-type things, using
information that we have already heard summarized, and these
all feed into the tectonic and geologic models.

And then, fTinally, the effects milestone that is
listed there takes the information not only from Greg
Valentine"s volcanic effects study, but also, the overall
tectonic effects study, and provide that into the final
geologic model.

111 touch briefly on the use of expert judgment in
the Yucca Mountain Program. We do use experts to determine
the adequacy of our data set and the adequacy of analysis,
and this is, as | referred to, the Pls answering the question
of whether they have adequate confidence iIn their results.

We also use independent technical review as an
accepted part of the program, and we"re considering
alternative mechanisms to ensure the diversity of
interpretations and completeness, and this iIs peer review,
elicitations, and, for example, In the case of volcanism, we
will be using expert judgment to refine the volcanism
probabilities, and this is something that Kevin Coppersmith
has just summarized for you, and we hope that we have, as
Bruce said, he has contributed part of his budget to this
effort this year, but it is part of the PA program at Yucca

Mountain, and the plan is to include these types of expert



320

judgment and expert elicitation for other issues, and
volcanism just happens to be the first one that it"s
appropriate to do this for.

So, to summarize, 1°d like to point out some of the
critical studies that we still need to do, and I would say
the Tirst one is subsurface effects studies, as 1%ve
summarized, and Bruce and Frank have also alluded to, that
Greg Valentine i1s starting to work on.

Sensitivity studies, 1 think both Bruce and Greg do
some of those on their own, but, also, we need some
information from Total System Performance Assessment. We
need to compile a comprehensive eruptive effects data set
from natural analogs. This is what Greg is working on, and
for which I think he has most of the field work completed.

Subsurface information, which, primarily, is
geophysics, trying to get at the question of whether there
are buried magma bodies in Crater Flat.

Bruce needs to include the probability of
polycyclic volcanism, which he also alluded to in his talk,
and we need to look at a magmatic evolution model for the
Crater Flat volcanic zone.

To summarize, finally, now, the last page of your
handout is just additional information that kind of
summarizes the key points of Greg Valentine"s effects work

for fiscal year "94 and "95.
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I wanted to end with this, really, what iIs a
cartoon of some of the information that Bruce presented, and
point out one area where we really need to assess the
sensitivity of the information, and here are Bruce®s
calculations, some of them over here for the different
models.

This is the probability of magmatic disruption of
the repository. The shaded areas are some of the other
models that other researchers have proposed, and then here
are some of the, what 1 would call the physical reality, or
some of the other Quaternary fields, and I would argue that,
as Bruce did, when we get over into this area, we have
reached a point where we"re no longer iIn what"s geologically
reasonable, because we know we do not have the Lunar Crater
volcanic field sitting in Crater Flat.

The question i1s, how sensitive are some of the
numbers, like 1077 here, and this is where we really need to
work with Total System PA. | believe Greg Valentine is doing
most of this work, where he provides information on the
effects and consequences that he has available, and we need
for PA to tell us, based on that information, how sensitive
some of these numbers are, and where we really need to be
worried, because, from my perspective, if the difference
between 108 or 10™° does not make much difference in the

final analysis, then we should not spend additional resources
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trying to define whether 1078 or 10° is more significant.
And that"s all 1 have to say. Thank you.

DR. ALLEN: Thank you, Jeanne.

Are there questions from the Board or consultants?
Staff?

DR. REITER: Jeanne, you said something in the
beginning, and 1 was trying to get a little--you said that
one of the concerns is determining whether volcanism was a
disqualifying feature of the site, and | never did see a
conclusion. Have you reached a conclusion on that, and if
you have, what"s the basis for i1t?

DR. NESBIT: Well, 1 stated this at the Technical
Program Review, also. The conclusion is that we feel that
volcanism is not a disqualifying condition for the site by
itself, and we base that, mostly on what Bruce presented, the
work that he presented, and he talked a little bit about that
107 criteria, but we feel that the probabilities are low
enough that it i1s not a disqualifying feature.

DR. REITER: Did you have any figure in mind when you
talk about low enough?

DR. NESBIT: No. We don"t have any specific criteria.
For the most part, we"ve used that 10® value kind of as a
ball park, because that was the only criteria that we had
available to us, even though that regulation doesn"t exist

any longer.
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DR. ALLEN: Jeanne, you mentioned that effort was still
underway in geophysical studies to determine whether there
might be a magma chamber beneath Crater Flat. Of course, the
results of those studies will always be debatable, but It"s
not clear to me how 1t would affect the results.

DR. NESBIT: 1 think the issue is really we need to make
sure that we"ve used enough geophysics information from
Crater Flat to make sure that we aren®t overlooking
something, and I don"t know whether Bruce wants to expand on
that or not, but we don"t expect to find lots of buried magma
bodies in Crater Flat, nor do I believe that geophysics is
going to answer all the questions, necessarily, or have the
resolution to find things that are this dike width, and 1
think that might be, iIn the future, another issue that we"ll
have to make some tough decisions on, because 1 don"t think
it"s reasonable to go out and do millions of dollars of
geophysical surveys in Crater Flat, looking for things that
may or may not have much consequence.

DR. CROWE: Bruce Crowe, if I could just make a couple
comments to that.

I think the issue that we"ve identified, the
sensitivity of that question is, assuming that there are
chambers there, it"s really how long have they been there.

IT they“ve been there, and the imprint that we see iIn the

geologic record is what i1t is, it just doesn"t look like it"s
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going to be a major issue. If they"re developing now, and
might invalidate the past record to where, say, the next
10,000 years will be very different from the future, then it
would basically undermine the fundamental assumptions we®ve
made to do the probabilistic assessment, and so, that"s
probably the key issue.

George Thompson and 1 have discussed this with John
Evans, who has presented teleseismic data, and his view Is
that this i1s a very long-lived feature that"s probably been
there since well Into the Miocene, and it would indicate that
even if It iIs there, that i1t"s nothing, you know, there®s no
process ongoing, either tectonic or volcanic process that
would change future rates.

DR. ALLEN: Okay. Aki?

DR. AKI: Yesterday, we heard about the vitreous kind of
earthquake triggered by the rare earth earthquake, and as you
know, that the same earthquake triggered many swells In many
volcanos and geothermal areas iIn the western United States.
Does that imply that this is volcanic-related? There are no
comments on that, even on this subject, but I was wondering,
what"s your interpretation of this vitreous kind of
earthquake on volcanic hazard?

DR. ALLEN: And answer yes oOr no.

(Laughter.)

DR. CROWE: Maybe.
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That"s a very good question. 1 mean, I would argue
that 1T there"s a relationship, it"s a trigger relationship
that you have to have the pre-existing conditions that would
lead to events; that the earthquake sequencing doesn®t cause
it, you know, it"s not the causative factor.

I mean, what we think with these particular types
of events, that they are sent from the mantle, from, say,
depths of 30 to 40 kilometers, and so i1t"s not like we have a
chamber that"s sitting there in a ready state that something
like this would trigger. So, I mean, my gut answer--and this
IS what Mike might say to this--is that we shouldn®t see that
kind of a causative relationship, but I also recognize that
seismologists ten years ago would have made the same comment
about earthquake triggering.

DR. ALLEN: Okay. Thank you, Jeanne, and Bruce, and
we"ll now go on to the final speaker before the break, Keith
McConnell, who will again have comments from the Nuclear
Regulatory Commission.

MR. McCONNELL: Thank you, Clarence. Again, while 1™m
making the presentation this morning, the technical lead for
the staff is John Trapp, and he"s here today to respond to
any of the hard questions that come up.

Our presentation today is similar to the one we
gave yesterday on seismic hazards and fault displacement

hazards. Basically, we"ll provide the regulatory basis for
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our acceptance criteria with respect to volcanism and igneous
activity. We"ll then give you some of the acceptance
criteria. Again, they“"re general, high-level acceptance
criteria for determining when enough is enough, and then,
using that as a template, we"ll give you the NRC"s review of
DOE"s progress to date, in that the benchmark for us is the
volcanism status report that we got last year, and reviewed,
and completed our review, and wrote DOE a letter on that
topic In August of last year.

So, a large part of what Bruce presented today, |
don®t think that we"re that familiar with, and so, 1 would
say that some of our comments may have been resolved or
addressed by what"s been going on over the last year and a
half or so.

And then, finally, we"ll i1dentify again some of the
critical investigations that we feel are needed for the
hazard assessment.

Now, one thing I would point out on this view graph
IS our approach to this presentation, and also our review of
the status report and other reports DOE would send us, is
systematic. Basically, we have our regulatory basis from
which we derive our acceptance criteria. We then use that as
the template for determining whether they demonstrated
compliance with the regulatory requirements.

The regulatory basis, basically, i1s twofold and
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parallel. Basically, there is the regulatory requirements
for the probabilistic analysis of igneous activity as it
relates to determining overall system performance, but this
iIs not the sole or only set of requirements that need to be
addressed by DOE when they provide a license application.
There are associated, and, again, parallel criteria that also
must be addressed, and they relate to siting criteria.

Siting criteria that are applied to igneous
activity are largely encompassed by 60.122, which relates to
potentially adverse conditions. DOE must provide information
to determine whether and to what degree igneous activity 1is
present at the site. They have to provide information to
determine to what degree igneous activity iIs present, but
undetected. They must also provide and assure that lateral
and vertical extent of data collection is sufficient to
determine the presence of igneous activity, and, finally,
they have to evaluate information with assumptions and
analysis methods that adequately describe igneous activity.

And this refers back to both the bottoms up, and
the top down approach that Part 60 takes to determining when
enough is enough. Not only do you have to do the performance
assessment calculations, you have to build confidence in
those assessments by collecting the data and adequately
investigating the site conditions; two-pronged parallel

approach.
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Now, using the regulatory basis, we then go to the
general acceptance criteria that were i1dentified yesterday.
I won"t go back through them, but, again, the first four
basically provides the confidence in the modeling and
assessment capabilities that you will ultimately do in the
assessment of repository performance.

Now, if I could move on, we"ll just give a brief
overview of our reviews--and this iIncludes reviews of DOE"s
study plans, as well as Los Alamos National Lab"s volcanism
status report, and most of this information was communicated
to DOE in our August, 1993 letter, but prior to doing that, 1
guess we would like to commend Bruce and his colleagues for
kind of putting a bull®s eye on their back, and letting us
take a shot at 1t and give them our critique of that report.

And 1 think 1 would also say that 1 am encouraged
from what | heard earlier this morning, that maybe we"re not
as far apart as 1 originally thought, and maybe we are moving
towards consensus, not closure, because 1 think you will see
similarities In what we"ve presented here, and what Jeanne
and Bruce just talked about.

The staff believes that DOE has made progress
towards an acceptable PVHA, but as Steve Wesnousky said
yesterday, however, there are some qualifications on that.

First of all, we believe that the approach

identified in the volcanism status report did not consider
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all significant processes and events, and an example of that,
we feel, i1s the Tripartite probability, as it was defined in
the status report. It appeared to only address direct
intrusion. It did not address indirect effects that have to
be considered iIn the assessment of a repository performance.
Second, the data presented to date--

DR. NORTH: Excuse me. Could you clarify the Tripartite
probability? This is the E1, E2, E3?

MR. McCONNELL: That"s correct.

DR. NORTH: My interpretation of what you"re saying here
iIs that E3 used to be too narrow.

MR. McCONNELL: That"s correct.

DR. NORTH: Could you comment on the presentations you

just heard? Do you think this i1s being addressed adequately?

MR. McCONNELL: It appears to be going in that
direction. It appears to be including indirect effects as
well as direct effects. So, again, there appears to be a

coming together.

The data presented to date to support probabilistic
analyses are not sufficient to meet Part 60 requirements, and
an example of this, 1 think, is our feeling that geophysical
testing to date hasn"t established the extent to which the
condition may be present, but undetected, and this relates to
the issue of, are the detection limits of the geophysical

techniques being used sufficient to 1dentify perhaps small
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features that may be out there. Again, the condition may be
present, but undetected. What we would expect would be an
analysis of those detection limits, and some sort of analysis
of what might be there and not be present that could affect
the probability calculation.

Third, DOE"s approach appears to emphasize tests
and analyses to confirm a preferred model to the detriment of
testing alternative models and approaches. Again, what we
heard this morning may, in part, resolve some of these
concerns.

I give as an example, 1 think the Center--the
acronym there is the Center for Nuclear Waste Regulatory
Analysis, which i1s our consultant in San Antonio--the Center,
in fact, when they reviewed the volcanism status report for
us, Identified that homogeneous Poissonian models are not
suitable at Yucca Mountain, and they took it on themselves to
develop other non-homogeneous Poissonian models to test some
of what DOE was doing, and I think Chuck Connor will speak to
that 1In the next presentation.

To continue, the probabilistic models used to date
are not transparent and do not address the uncertainty iIn the
analysis. Again, 1 think we saw some movement, and I think
perhaps it was a function of the speed with which the
volcanism status report got out. You know, I think there was

a lot of emphasis on getting i1t out quickly and getting It
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out so that NRC could comment, so some of these criticisms
may be more a function of the mechanism than of the report
itself.

But, again, as an example, the Center has
demonstrated that there is uncertainty in the ages of
basaltic events out at Yucca Mountain, and that this does
cause variation in probabilities. What we would expect would
be an explicit analysis of these, of this type of
uncertainty.

And then, finally, the probabilistic models to date
are largely based on statistical models, and do not
adequately incorporate the geologic processes and the
understanding of these processes. The issue of structural
control, 1 think, is significant; and, also, the issue of
whether there is a low velocity zone down there, and what its
significance i1s, 1s also an Important aspect. It needs to be
incorporated in the probability models.

Again, we saw In Chris Fridrich"s presentation
yesterday, and also Bruce®s this morning, that there does
appear to be some attempt to do this sort of analysis.

And to end 1t, we"ve tried to identify some of the
critical investigations that we feel are necessary to address
the issue of volcanic hazard, and I think the list, in many
respects, parallels what Bruce and Jean presented this

morning:
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An analysis of the geophysical testing techniques
to, again, determine the detection limits. What"s present
out at Yucca Mountain that"s not detected?

We would suggest that an appropriate range of
models that address structural control needs to be developed,
and perhaps they are.

A more robust--in a similar vein, a more robust
incorporation of geological data into the statistical
analysis would need to be done.

Site-specific subsurface information on the low-
velocity zone. The petrologic, mineralogic, and geochemical
analyses, 1 think, relate more to the consequence analysis,
and the explosivity of a volcanic event at Yucca Mountain.
What are the consequences it a volcanic event does intrude
the repository?

A transparent analysis, we would--1 think our
impression from the draft status report was that there wasn"t
much transparency in what they®re doing. 1 think with the
data that Bruce provided today, we"re getting some of that
transparency.

And then, finally, an analysis that includes both
direct and indirect effects of igneous activity, and that"s
it for us.

DR. ALLEN: Thank you, Keith.

Questions or comments from the Board? Warner
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North?

DR. NORTH: 1I1*d like to encourage you to be a little
more specific on the degree to which there isn"t a perfect
match between the DOE presentations and what you have on your
last slide.

Are there any obvious targets for further
investigation, particularly field studies, that you think are
needed that DOE doesn"t have on i1ts agenda? For example,
surface-based drilling to look for dikes or sills, evidence
of eruption in Crater Flat, or shall we say, evidence of a
volcanic event that did not lead to an eruption.

MR. McCONNELL: Yes. 1 think the issue®s been raised in
our reviews that there is this concern about the
intrusive/extrusive ratio, whether the one-to-one
relationship is an actual or a conservative assumption. |
think there are other fTields where that assumption probably
is not valid, so there could be a much higher ratio of
intrusive to extrusive event.

DR. NORTH: Have you defined what kind of experimental
data you think iIs necessary to resolve that issue?

MR. McCONNELL: Let me ask my technical lead to respond
to that; John Trapp.

MR. TRAPP: There®s two basic areas that have been
suggested for field investigation, primarily in the area of

geophysics.
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One 1s, really, completion of the geophysical
seismic lines across Crater 