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P-ROCEEDI-NGS
(8:36 a.m)

CHAI RMVAN RYAN: If | could ask everybody
to take their seats, please, we'll go ahead and get
started.

(OFf the record conments.)

CHAI RMVAN RYAN: Cone to order, please.
This is the first day of the 176 '" Meeting of the
Advi sory Conmittee on Nuclear Waste. During today's
neeting, the commttee will conduct a working group
neeting on the Igneous Activity Wite Paper. This
neeting is being conducted in accordance with the
provi sions of the Federal Advisory Conmttee Act.
Neil Coleman is the Designated Federal O ficial for
t oday' s sessi on.

We have received no witten conments or
requests for tine to nake oral statenents fromnenbers
of the public regarding today's session. Should
anyone wi sh to address the conmittee, pl ease make your
wi shes known to one of the conmttee staff.

It is requested that speakers use one of
the m crophones, identify thensel ves, and speak with
sufficient clarity and volune so they can be readily
heard. 1It's also requested if you have cell phones or

pagers that you kindly turn them of f.
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|"d like to begin with an itemof current
interest. Ms. Sherrie Meadower, who has been with
the ACRS/ ACNW for 11 years has left the ACNWARS to
join the conmi ssion staff on February 5'", 2007. She
made numerous outstanding contributions to support
ACRS and ACNW activities. She was an excepti onal
technical secretary to the office. Sherrie's
ent husi asm patience, and dedication to support the
committee and staff are very nuch appreciated, and we
surely will mss her good hunor, and hard work, and
thank you so nuch, and good |luck in your new
assignment. Thank you very much, Sherrie.

| will briefly nmake a coupl e of coments,
and then turn the neeting over to Professor Hinze,
who's going to lead us in the next two days. | want
to first start with a note of appreciation. W have
a large nunber of folks here that are participating
fromthe NRC staff, fromthe center and the experts
with a wide range of views on this subject, and we
real | y appreci at e everybody bringi ng those vi ews here,
expressing them and expl oring the range of views that
we're trying to docunment in the Wite Paper. |
especially want to conplinment the NRC staff that have
interacted with us in an ongoing basis; one, to

develop this neeting; and two, to give us feedback.
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And we really appreciate the feedback that we've
gotten, and | just wanted to start on that note, that
everybody here is really contributing, and we really
appreciate it. It's going to help us do a better job
of docunenting the range of views on this inportant
topic, and presenting that to the conm ssion. So
wi thout further ado, I'Il turn the neeting over to
Prof essor Hi nze.

MEMBER HI NZE: Thank you very much, M ke,
and we appreci ate those coments. For the record, it
is nmy pleasure to welconme you to the ACNW s Working
Group neeting on the I gneous Activity Wiite Paper. W
realize that this is a very busy tine for many of you
that are participating in the working group, because
of your role in preparing, and preparing for the
license application for the reposed repository at
Yucca Mountain. Al of you have overburdened
schedul es, so we are grateful for your participation
and interest in the objectives of the working group.
W especially want to thank those of you who have
prepared presentations. W are well aware of the
effort that it takes to prepare these kinds of talks.

My introduction of each of the speakers
will belimted to a brief statement of affiliation.

| will apologize for that now for that Ilimted

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

7

i ntroduction, but et me assure the commttee and the
audi ence that each of the speakers is a first rate
expert in their subject matter.

Bef ore we begin, | want to say a few words
about why the ACNWis holding this neeting, how we
intend to conduct the nmeeting, and our vision of what
we wll achieve for the NRC as a result of the
neeting. Roughly, a year ago, we've all heard this
before, but roughly a year ago, the cormittee received
a request from the Commission to, and | quote,
"Provide the Commi ssion with an anal ysis of the
current state of know edge regardi ng i gneous activity,
whi ch the Comm ssion can use as a technical basis for
its decision making." That's why we're here.

In response to this, the conmttee
enbarked on an effort to prepare a Wite Paper that
woul d capture, as Dr. Ryan has pointed out, the full
range of current views pertaining to the potential
risk fromigneous activity at the proposed repository.
An initial prelimnary, if you will, draft of the
White Paper was conpleted two nonths ago, and
di stributed for review and coment.

The White Paper hopefully presents the
ACNW s summary and eval uation of the principal views

of the conmttee, the NRC staff, Departnent of Energy,
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State of Nevada, EPRI, and ot her stakehol ders on the
nature, likelihood, and potential consequences of
future igneous activity at the repository. Inits
final form we envision that the Wite Paper wll
sumari ze t he princi pal views on i gneous activity, and
highlight key areas of scientific agreenment and
di sagreenent, and the basis for these di sagreenents.

W have worked diligently to capture al
the maj or current views that are held, but | think you
can appreciate thisis adifficult task because of the
evolving views, and the nultiplicity of sources and
docunents which contain these views. However, it is
i nportant to have captured all of these in the Wite
Paper, and to namke them current, and to nmake them
correct. This gets to the very heart of the
obj ectives of the working group.

The main i ssues to be addressed today and
tomorroware, first, has an effective under st andi ng of
the various views on igneous activity and their
techni cal bases been identified in the draft Wite
Paper. Secondly, considering the current state of
sci ence, have the risk-significant topics regarding
i gneous activity been identified and addressed? And,
finally, are the technical bases for positions that

are presented scientifically sound? And if they're
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not, why not?

Comments on these issues frominterested
parties during the working group neeting will be woven
into, and | promise this, that they will be woven into
the revised Wiite Paper for the Conmission. This is
your opportunity to set the record straight before
submi ssion to the Conmm ssion and public rel ease of the
docunent .

W | ook forward to recei vi ng your conment s
on substantive issues dealing with the content of the
draft. It is inmportant that these reviews and
coorments be linked to specific sections of the
docunent, as nmuch as possible. Hey, give us a break,
you know. It will be helpful to us. References to
parti cul ar supporti ng published docunents and articl es
in the reviews are inportant for establishing an
adequat e paper trail for the comments.

Under st and t hat the current version of the
White Paper is a draft; and, therefore, it contains
editorial glitches, and they stand out to all of us.
They certainly doto nme. And even |last night, | found
anot her one, so these will be addressed in preparing
the final version of the report. |If you have
suggestions for editorial revi si ons, we wll

appreciate receiving them of course; preferably,
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| ater in supporting docunentation. We will appreciate
witten coments and reviews of the draft Wite Paper,
but in the interest of maintaining the rather
demandi ng schedul e t hat we have for getting the report
to the Conm ssion, we nust have these within the next
two weeks; that is, we are looking forward to any
witten comments by March 1°'. Please alert Neil or
me if youintend to submt witten comments, but that
is not a necessity.

In my experience, and | didn't say | ong,
nmy experience with the ACNW this is a uni que working
group. W are inviting, and we may regret this by
Wednesday af t er noon, but we are inviting
scientifically-based criticismand recomendations for
i mproving the draft White Paper. The bottomline to
us, and to all of us, is that we are seeking your
assistance in preparing the best possible report for
t he Conmi ssi on.

In terns of procedures for the working
group, the first day is directed toward the first two
guestions of the risk triplet, what is the nature of
igneous activity, and how likely is it to happen.
These questions have been the subject of extensive
debate for a coupl e of decades anong those i nvol ved in

eval uating risk fromigneous activity.
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The second day, we will focus on the
consequences derived fromigneous activity. There are
recogni zed differences in the views on this portion of
the risk triplet based on varying professional
judgnments. It is inmportant for us to identify these
di fferences, their sources, and if at all possible,
their inmportance to risk

W ask your assistance in nmaintainingthe
separation of the topics to the specified days i n your
presentation and di scussions. This will help nenbers
of the audience who will be attending only those
segnents of the neetings that are of interest to them
| will endeavor to maintain this separation, although
| assure you, at the end of tonmorrow, we will open the
di scussi on, a roundtable discussion, to all of the
topi cs covered in the working group.

Di scussion of each of the topics wll
begin with a presentation by experts that are
established to provide background for the conmmittee
and its revision of the Wiite Paper. Follow ng these
background papers, we have asked st akehol ders to bri ef
the conmttee on their views of the ACNWdraft Wite
Paper. W ask those of you that are naking conments
on the Wiite Paper to give first priority to those

that deal with your point of view, with your views
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that are expressed in the Wite Paper. As a second
priority, you may wish to comment on the views of
others. Any remarks that you can nake regarding the
i mportance to risk, and I want to enphasi ze this, any
remar ks that you can nmake regarding the i nportance to
risk of the igneous activity issues will be very much
appr eci at ed.

Time for questions to the speakers and

di scussions of the presentations wll be nmade
avai l able as indicated in the agenda. W w Il have
time - we wll not have questions during the

presentations or imedi ately after, but after a couple
of speakers, then we will open it up for questions and
di scussi on.

After the conmttee and invited experts at
the main table have had an opportunity to ask
guestions or make conmments, the floor will then be
open to other experts and public, as tinme permts. W
will have sone flexibility inthe tinme in the agenda,
both this afternoon and tonorrow afternoon.

On a nore personal note, many of the
issues we will be discussing are hot button topics
t hat have been subject to strong personal feelings and
intense deliberations, and | |ook at Bruce Crowe to

smle. W look forward to lively discussion on these
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topics over the next two days, but it is inportant
t hat as we do so, that we maintain our discussions at
a professional level, and |I'm sure that we're all
goi ng to have your cooperation in acconplishing this.

A conplete transcript will be made of the
proceedi ngs, that will be publicly avail able fromthe
NRC website shortly after the nmeeting. W hope that
you can use this to trigger any further witten
conments to us.

Wth that, 1'm going to turn to Neil.
Neil, are the Japanese group here? | wanted to
acknowl edge them | have not met them Excellent.
Bef ore we begin, | want to acknow edge t he presence of
our colleagues fromJapan that are attending this
neeting, M. Hayka Tushi, a General Manager of the
Nucl ear Waste Managenent Organization of Japan; M.
Juni chi Kut o, Manager of NWMO, and M. Hi deki Karwar,
CGeneral Manager of the Gshia Obiyasha Corporation. W
wel corme you, and we trust that the proceedings will be
of significant interest to you.

Finally, | personally want to acknow edge
the assistance of the ACNWstaff, and particularly
Neil Coleman, in pulling this nmeeting together.
Thanks to all of you.

Wth that, I'"'mgoing to ask ny --
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CHAl RMAN RYAN: There's one ot her

housekeeping item we have fol ks on the bridge |ine,
and | think we'll certainly include their opportunity
to ask questions in the general question session. And
if I could ask the folks on the line just to identify
yourselves for the record, and let us know who's
t here.

PARTI Cl PANT: W have the Center for
Nucl ear Waste Regul atory Analysis on the line, from
CNWRA we have Rol and Benke.

MR. WTTMAYER. Gordon Wttmyer.

MR PATRICK: And Wes Patrick.

PARTI Cl PANT: That's all from San Ant oni o.

CHAI RVAN RYAN:  Ckay.

PARTI CI PANT: May | interrupt to ask for
a copy of the presentation naterials be faxed to us?

CHAI RVAN RYAN:  Yes, sure. | think we can
get sonmething arranged. W nmight even email you an
el ectronic copy and have you distribute it on that
end.

PARTI Cl PANT: That would be fine. |If you
do need the fax nunber, it's 210 --

CHAI RMAN RYAN: ['msorry. Hang on just
a second.

PARTI Cl PANT: Has anyone downl oaded it
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already? | think we sent it to them al ready.
CHAI RVAN RYAN: Ckay. | think the
download to you is in progress. |If that doesn't

happen maybe in the next little while, you could just
break in and | et us know that's not happened.

PARTI Cl PANT: Thank you very much

CHAI RVAN RYAN: Ckay. |s there anybody
else on the line? Al right, great. Thank you very
much. Sorry, Bill. Just wanted to --

MEMBER HI NZE: Okay. Excellent. Well,
we're alnost ontinme, but with that, we will start the
neat and potatoes of this working group, and we w ||
ask Dr. Steve Sparks fromthe University of Bristol to
gi ve us a keynote address, and gi ve us words of w sdom
on the state of the science of volcanology. | can't
think of anyone that is nore capable of doing that
than Dr. Sparks.

DR. SPARKS: Ckay. Thanks very nuch
It's a pleasure to be here, and thank you, Bill, for
inviting ne on behalf of the NCNW | was asked to
gi ve sone sort of general oversight about the state of
vol canol ogy, and also, | guess in the context of the
White Paper, so when | devel oped the idea of how to
present this, | decided that |I'd actually abbreviate

the state of the science to a very short early
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section, and then | would nove on to some eruptions
t hat have happened, which have anal ogies to Yucca
Mountain, particularly Lothrop Wlls, the style of
activity in the Yucca Muntain area, and draw somne
i nferences you can make from direct observations of
what happens in volcanoes. This, incidentally, is
Parucatine eruption, the center cone of Parucatine
erupting in 1949, and it's a painting by the seriali st
artist called Dr. Atl, a Mexican artist.

kay. So this is an outline of the talk.
I"'m going to talk very briefly about advances in
vol canol ogy and prediction. By prediction here, |
nmean the sort of short-term predictions, when is the
vol cano next going to erupt, or what it's going to do,
not your long-termprediction. I'magoing to enphasize
the inmportance, | think, of case histories. | think
really detailed studies of volcanic eruptions have
been where nost of the major advances in the field
have been made. And I'Il illustrate that by what |'m
famliar with, the Soufriere Hlls of volcano in
Montserrat. And then, of course, what these case
histories allow you to do is to gather a lot of
nmoni toring data, and excellent data, and then you can
apply nodeling, and see how the nodel s can give you

insight into howto interpret that data-rich set. And

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

17

then you can nove on to prediction, or at |east
under st andi ng t he vol cani sm

Then in Part Two, we're going to | ook at
eruptions which | think are anal ogues for vol canic
activity in the Yucca Mountain area, and this incl udes
1973 El dfell eruption, Iceland, which turns out to be
al nrost a dead ringers for Lothrop Wells, remarkably
simlar. Then I'mgoing to talk a little bit about
Et na | ava rheol ogy, and an eruption of an andosite in
Chile, and finish off with a pyroclastic flow on
Mont serrat, and you'll see what the rel evance of these
is.

So let's beginwith a case study. So this
is really nore general about the state-of-the-art of
vol canol ogy. It's an island of volcano in the
Cari bbean. This is the volcano that's been erupting
since 1995. |It's been a fantastic eruption to study,
because over the | ast 12 years this has been nonitored
i n enornous detail, and so we've gai nhed huge insights
into how these vol canoes behave. |[It's a Hornbl ende
Andosite |l ava donme. Since 1995, .7 cubic kiloneters
have erupted so far at an average rate of 3 cubic
net ers per second.

| make a couple of conments which are

relevant to the Wite Paper. W've done sone
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estimates and draft nmeasurenents in the | aboratory of
the rheology of this |ava done, and the sorts of
figures that you get are around 10 to the 10, 10 to
the 12 Pascal -seconds. And | assure you, this does
not look like Lothrop Wlls in any way, at all. This
is the sort of viscosity of an andosite | ava done, and
in the Wiite Paper there's a developnment that this
m ght be the typical viscosity of lava at sonething
like Lothrop Wlls. Well, that's about, as |I'll show
you later, six or seven orders of nagnitude high
viscosity than you would expect in volcano of the
Lothrop Wlls type. And here we see a vol cano where,
in fact, we've got these sorts of very high
vi scosities.

|'d al so make the point that the m ni num
crystal content of this lava is 65 percent, and it
sometimes extrudes with a crystal content of 90
percent. So, again, just referring to the Wite
Paper, these |limts or thresholds on crystal content
are quite a variable feast, and you can erupt |avas
with extrenmely high crystal contents.

This is the data, the sort of data we've
got. It's just one exanple, but we've nonitored the
volume of this lava done with time. This is 1995 to

2001, and the volcano is still erupting, so we have
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this record right through to, nore or | ess, today, And
this is sone GPS data of the deformation. This is a
station on the flanks of the vol cano, which is going
up and down. And what you can see is that when the
lava is extruding, the ground is subsiding, exactly
what you woul d expect with a magna chanber under the
vol cano. And then there's a pause for a couple of
years before the activity starts again, and you can
see in this period the ground is uplifting, because
t he chanber is pressurizing. And then as soon as the
| ava starts to pour out again, the pressure goes down
inthe chanber, and t he ground col | apses, so we've got
very good data we can conpare with nodels. And you'l
al so see a very characteristic feature of this sort of
vol cano, which is episodic activity. These vol canoes
erupt in pul ses, or sonetinmes quite periodic pul ses,
so that's the sort of data one can get.

And then just nmoving on to nodeling -
well, nodeling is rife in the earth sciences, and
certainly in volcanology. And | could have probably
chosen 30 or nore different sorts of nodels, so I'm
just going to choose one, just to illustrate the
point. This is a nodel we've devel oped with
col | eagues in Moscow State University. It's a nagna

chanber with a magma flowi ng up and erupting. It's a
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dome. And the inportant point, which, again, is sone
rel evance to Lothrop Wells, that during this ascent up
t he conduit, the nagma deconpresses, and it degasses,
and it crystalizes, and this changes the viscosity
enorrmously from the magna chanber to the earth
surface. And this has a huge effect on the dynam cs.
And what we found through nunerical nodeling is that
we see that it's very easy to get this sort of
behavior, flow rate out of the vol cano against the
driving nmagma pressure, which is kind of typical of a
non-linear system wth, in fact, nobre than one
possi bl e eruption state for a given set of conditions.
And so, in this sort of system it's very easy to
produce episodic or periodic behavior.

The cause of this episodicity in this
case, we believe, is the kinetics of crystallization.
If the magna comes out the conduit too fast, the
kinetics are too slow, it doesn't crystalize, so it
erupts quite - it's arelatively lowviscosity, so it
can erupt rapidly. That's this upper state. You
could say this is the disequilibriumbranch. And down
here, where the flow rate is very low then,
basically, as the nagma rises wup, it can go to
t hernodynamic equilibrium it can crystalize as it

deconpresses, and the viscosity beconmes very high.
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And the system can oscillate between these two in
periodic fashion. This is a rather generalized nodel,
and you can see down here, again, flow rate against
magma pressure, sone nore detail ed numerical nodels.
Sothisis - the major point of this, really, is that
we can use nodels to give us insights into data in
vol cano behavi or.

Now these are sonme of the nunerica
nodels, and it's just to give you an exanple, that
rat her than anything else, this is discharge rate out
of the volcano against tine. This is, again, done
with our Moscow State col |l eagues, and the
mat hemati cians. And what we find is that the nagm
chanber size is the biggest control on the episodicity
of the volcano. So we have a small nagma chanber of
1 cubic kiloneter, and we run these nodels, we see
spi kes of extrusion. This is time, this is flowrate
out of the volcano. W see episodic activity. [If we
make t he magma chanber bigger, it's got nore capacity;
and, therefore, the time scale of the cycles of
extrusion goes up. And so, again, we can use nodels
to gain insights into howthe vol cano behaves. And we
can al so use these sane nodels to | ook at issues |ike
over-pressure on the magma conduit, and this is depth,

this is the earth surface, this is the nagma chanber,
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this is the over-pressure, which we define as the
pressure difference between the rocks outside the
conduit, and the magna in the conduit. And the
different values of the curves here represent
di fferent val ues of perneability of the nagma, because
the gas is al ways com ng out and trying to escape, and
exactly how it escapes depends on the perneability,
and this feeds back into the results. But that
doesn't really make much difference, the main point is
all these nodel s show that we get a very strong over-
pressure in the vol cano of a few hundred neters bel ow
the vent. And the reason we do that is very sinple;
t he magma has cone up, it's degassed and crystali zed,
becone much nore viscous, and this neans all the
frictionisinthe top of the conduit; and, therefore,
we get an over-pressure. And we believe that this is
why we get shall ow near-field deformation, and why we
get shallow earthquakes all the time in these
andosi tes, because of this over-pressurization.

So that's a kind of whirlw nd tour through
a case history. And, really, what I'"'mtrying to get
at is doing very detail ed case studies, coupled with
very good data, and then nodels to gain insight into
the data is a way that the science has progressed.

Now I'd like to turn ny attention to
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somet hing nore pertinent to the Yucca Mountain issue.
We're going to | ook at Yucca Mountain. | think there
seens to be a consensus, reading all these reports,
that something like a Lothrop Wl ls, a nobnogenetic
trachybasalt volcano, is the sort of thing that we
shoul d be concerned with; and so, I'mgoing to | ook at
t wo vol canos whi ch erupt trachybasalts first, and then
|"'m going to draw sonme analogies from a couple of
vol canoes which are not trachybasalt, but | think we
can learn some things. And this is picture is
actually the Eldfell Eruption of Heinmaey in Iceland in
1973, nice cinder cone and fire fountain jets next
door to the town. And I'mgoing to talk about this
one first.

What's the setting? It's Iceland.
There's the Island of Heimey, where the - this
picture is before the eruption. This is where the
eruption is going to occur. It's a typical
nonogenetic basaltic eruption remarkably simlar to
Lothrop Wlls in nmany respects, and it's in a region
at the south shore of Iceland, where it's not typical
| cel andi ¢ vol canism This is alkaline volcanismin
transforned fracture zones, and so it's the sort of
| ow partial nelt type of vol canismthat we associate

with Lothrop Wells.
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And this eruption occurred in 1973, and
it's -- unfortunately, quite a lot of the information
about this is in lIcelandic, and |I'm fortunate enough
to have an lcelandic colleagues in the University of
| cel and, who knows a |ot about this, and he gave ne
some of this, augnmented ny know edge of this with some
information. And this is the chronol ogy of the 1973
El dfell Eruption, and I'IIl illustrate this chronol ogy
wi th some photographs a little later.

22" of January earthquakes, not very wel |
constrai ned, but appear to have cone from sonething
like 20 kil oneters depth, 1.6 kil ometer fissions opens
at 1:40 in the norning, and we get a fissure eruption.
The 23'" of January, the next day, the active fissure
starts to focus into one place where the cinder cone
is going to grow. After two days, 24 '" of January,
the eruptionis its nost intense, eruption colums of
8 to 9 kiloneters, discharge rates of hundreds of
cubic nmeters per second. But even early on, lava is
-- degassed lava is enmerging out of the vent at the
early stage of the eruption. These things go on
si mul t aneousl y.

The 26'" of January, the fissure |engths
into 3 kiloneters, but the activity renmains focused.

The 31°" of January, a week later, the cone is already
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built to 180 neters high, intense fire fountains,
eruption rates at this stage have declined a bit,
estimated at around 50, 150 cubic neters per second.
The 4'" of February, lava flows into the harbor, part
of the explosivity starts to reduce. It becones
dom nantly a lava eruption. The |ava has covered 2
square kil oneters, and the eruption | argely extrusive,
but still persistent Stronbolian activity. There's a
temporary halt on the 25" of February. The |lava
starts toflowinto the town, and the I cel anders start
punpi ng seawater onto the lava front to nake it stop,
April the lavas flowto the east. Interestingly, on
the 26'" of My, there's a rather poorly docunented
eruption in the ocean, sone sort of extension of the
fissure, a second eruption in the ocean, which nobody
really knows very much about, except it occurred in
the sea, so a new eruption started sonewhere el se.
So that's the chronol ogy of the eruption.
Let's have a | ook at sone pictures of it. This is the
first day, the 23" of January, the classic curtain of
fire, activity all the way along with fire fountains.
Very quickly, the eruption focuses onto the cinder
cone, wthin a day, we get this flow focusing
phenonena, and you can see at this stage it's pretty

expl osive, fire fountains in the fissure region, and
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you can see the ash plunme going up

Just focus onthe -- here. | hope you can
see this. [It's not perhaps as good as |'d hoped, but
you can see here, here's the explosive activity
bui l di ng ci nder cone, but you can also see a |ot of
steam and that's because a |lot of lava is already
com ng out, degassed | ava, so very early on. And the
extrusi on of degassed | ava and expl osive activity are
si mul t aneous, and there nust be sone mechani sm very
effective and fast tine scale mechanism separating
gas frommagnma. And we don't really -- | should say
right at the start, we don't wunderstand these
processes very well, at all. The only person who's
done anyt hing serious on this | think are the French,
and a group, a chap called Yuri Slezin, a Russian, and
he thought there was a sort of possibility of an
alternation between a fast flowwith small gas
bubbl es, where the gas bubbl es and magnma don't
separate, and the case with slower flows, when these
gas bubbl es can amal gamate and form bi g gas bubbl es,
and then we can start separating the gas from the
magma efficiently.

And these are sonme nodels which show t he
fl ow speed versus a paraneter which relates to the

wi dth of the conduit, volcanic conduit. And you can

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

27

see the only inportant point to notice here, is it
shows this sort of same non-linear behavior as we saw
in the Montserrat nodels, so we can get -- therefore,
we've got a possible mechani smfor nodels which
account for the pulsatory activity, and al so, the
separation of gas and nmagma. So, again, |'d just
enphasi ze that we don't understand those processes
very well, at all. I think we understand t hese basalt
vol canos less well than we do Mount St. Helen's, and
Mont serrat, the andosite vol canoes.

The 31°" of January, you can see that the
cone - this is only after a week - the cone, the new
cone is pretty substantial. There's the |ava going
into the sea. Again, just pictures of the activity,
still alot of ash. I'mafraid it's a bit darker than
|"d have liked, but it's February in Iceland, it's a
bit gl oony, and there's sone pictures of the activity.

"1l spend a little bit of time on this,
because | think it's quite inmportant for our
di scussions. The reason for being interested in
Eldfell, is that it is a |ava which has remarkabl e
resenbl ance to Lothrop Wlls. This is, | think, from
Frank Perry's work. This is an average of, | think,
25 Lothrop Wlls trachybasalts. Eldfell is a

trachybasalt, and i f you scan down t hese col ums, the
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di fferences are very mnor, indeed. They're both
typical transitional alkaline basalts.

Etna i s another one |' mgoing to use, and
that's also trachybasalts. And this is an Etna
conposition, little bit different, but not nuch. And
this is an Etna quenched glass froma lava flow. So
these are the -- if we're going to understand
something Ii ke Lothrop Wl ls, these are good pl aces to
go.

The eruption tenperature was neasured for
El dfell at 1030 to 1055. Just in passing, I'll notice
that in the Wlite Paper, the idea is that these
eruptions should be at around 1000, but these
cal cul ations do not take into account |atent heat for
crystallization, so nmgma that rises wup and
crystalizes will erupt hotter surface than it does
when it's deep in the crust. And so, these increased
tenperatures of tens of degrees Centigrade are pretty
wel | what you woul d expect fromlatent heat effects.

The atonospheric -- one atnosphere
liquidus is about 1105. This is Icelandic work, phase
equilibria, that's the estimate. It's an Aphyric | ava
with flow aligned m crophenocrystals up to 40 percent
pl agi ocl ase ol i vi ne oxi de. As you know, Lot hrop Wl ls,

we'll recollect that's not too different. And it's
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al so got Kaersusite erection roons on the xenoliths
between the nagma at sonme depth, was reacting with
xenol iths and form ng Kaersusites, so Kaersusites is
there. And the inference is that this is a water-rich
al kal i ne basalt evolved with a high water content.
And, again, taking the sort of Ni cholas and Rutherford
work for Lothrop Wells, and it's very simlar, so one
woul d i nfer that, again, we're dealing with high water
content, possibly the order of 4 percent water. And
t hese assenblages are a deconpression assenbl age,
because of the rise of the magma. This would be the
inference, so it's pretty simlar.

This is data on discharge rate with tine,
and |ike many of these, wherever you have detail ed
data on these eruptions, they're not that nany, you
usual |y see sone sort of broadly exponential decline
in extrusion rate with tine, so these don't cone out
at a constant rate. They decline because pressure in
the source is declining, and soit's a bit |ike an oi
field, the extrusionrate declines. So this is a very
interesting case, and we can, perhaps, learn quite a
| ot about it.

This is a map of Hei maey. You can see the
ci nder cone here. You can see the ice pack map of the

tephra, and you can see a nmap of different vintages of
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| ava extrusion. It's on a very flat, really flat area,
a bit, again, like Lothrop Wlls. It's extruding to
flat terrain, and you can see that the early ones
cover quite a large area. And this reflects this
exponential decline. A lot of the lava comes out
early, and then it declines exponentially, the
extrusion, so these are the tephra vol unes.

It's abit different fromLothrop Wlls in
the sense that there seens to be | ess tephra and nore
lava at Eldfell, reading Geg Valentine's very nice
paper that he's just published, |ooks |ike nore half-
and-half in Lothrop Wells. | suspect this study, the
| cel anders nay have under-estinmated the armount of
tephra, because a lot of it fell in the sea.

These | avas don't do structures nuch good.
These are houses being denolished by the lava as it
flows out. It continues to degas, and cool, and
crystalize, and so the nmagma viscosity does go up as
it extrudes, and it crushes houses. And this is what
the Icelanders did to try and protect the town. They
squi rted seawater on the front of the lava flow. That
seened to bring it to a halt, and then the |lava fl ow
started to go out to the east, and so the Icel anders
t hought this was a success.

W al so have, serendipitously, one of the
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few cases where very detail ed neasurenents have been
made of the gas jet fromsuch an eruption. This is
work | did very early on in nmy career. W took film
from the jets from Eldfell, and we neasured small
particles. W trapped the particles and got estinates
of velocity versus height, above the fountain. You
can see here, the gas velocities of the order of 100
to 200 neters per second for the jet com ng out of the
vol cano. You can also see that the jet decelerates
very rapidly, because it's an unconfined environnent.
It's working against gravity, it's going upwards, and
it's entraining air, which basically entrai ns noment um
and slows it down, so it slows down very rapidly in an
unconfined environment. bviously, we'll be

di scussi ng what sonething like this m ght do whenit's
goi ng hori zontal ly, where gravity isn't such a factor,
and where we're in a confined environment. And we
coul d i magi ne that the fluid behavior m ght be rather
different in those circunstances.

So here we've got sone data, which
actually tells us that what we actually observe at
t hese vol canos, and now I'd like to go on to Etna.
Now Etna is not quite so good, because Etna is
trachybasalt, 1975 Etna, but it's rather phenocryst-

rich. And these crystal contents, it's about 50
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percent phenocrysts and mcrolites erupted at 1070
degrees Centigrade. And these are from sanpl es that
we collected actually out of the lava flow, and
guenched in situ during our study, so this is the
actual properties of the lava as it energed, rather
than after it's conpletely frozen. And with Harry
Pi nkerton at Lancaster, we built a field rheoneter,
and this is Harry up here. You can't quite see him
but he's sticking this thing into the lava, and you
stick it in several tines. You' ve conpressed this
cylinder onto a spring, and then you release the
spring of known force, and it pushes the piston into
the lava, and you get a shear rate curve. And you can
calibrate that back in the laboratory. And this is
what we get, shear rate versus shear stress. This is
sorme sort of idea of what the rheol ogy of either like
a trachybasalt, a r at her nor e crystal -rich
trachybasalt than Lothrop Wells woul d be.

And this slope is around 10 to the 5
Pascal - seconds. That agrees pretty well with
petrological estinmates of viscosity, independent
estimates, so | think you can pretty well say this is
for the degassed magma, trachybasalt com ng out of a
vol cano, the viscosity is very unlikely to be nore

than 10 to the 5 Pascal -seconds. |It's probably going
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to be lower for a nunber of reasons, but this is
likely to be a sort of upper bound.

So the next one is to nmake anot her point.
This is a vol cano, which again is not quite so close
to Lothrop Wells, but it's a nmafic andosite from
Lonquimay in Chile in 1989. | worked on this with
Chi |l ean col | eagues. You can see the strata cone here.
It's a satellite vent. |It's a bit |ike a nonogenetic
eruption that formed a cinder cone, and a long | ava
over about a year, and ny Chilean col |l eagues tracked
t he advance of this lava, and the thickness of this
lava. It's a mafic andosite of 1,000 degrees
Centigrade. You woul d expect Lothrop Wells-type magma
trachybasalt to have |ower viscosities than these.
And this is an insightful case, because what we were
able to do from that nmeasurenent of thickness and
speed of the | ava, was to get approxi mate esti nates of
viscosity fromopen channel flow equations. And these
aren't precise, but they're certainly of the order of
magni t ude precision. And you can see that as the flow
went fromthe vent outwards, the velocity declined on
a log scale, and you can see that you can turn this
data, and thickness data into viscosity, and you can
see that when this lava energed fromthe vent, the

viscosity was just over 10 to the 5 Pascal -seconds.
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W woul d expect Lothrop Wells to be | ower than that,
because this is a nore -- it is essentially a cooler,
and a nore silica-rich magma. And you can see here
comi ng out of the vent, this is what it |ooks |ike.
Oten these lavas, even these andosites, actually
energe first as pahoehoe. Certainly, it's the case in
Etna, and it's the case in Heinamey. They energe as
pahoehoe, and they noved and devel oped after quite a
| ot of travel distance, so they get nore viscous as
they' re i npl aced by orders of magnitude. So yes, they
eventually end up at 10 to the 9 Pascal -seconds, nore
or less when they're stopping a year later, but it
takes a long tine to get to that sort of rheol ogical
state. It's not sonething that's instantly devel oped.
kay. Last case history is the --
obvi ously, in the consideration of the repository and
the interaction, it would be quite interesting to know
what a hi gh-speed multi-phased vol canic fl ow does to
structures. And | just put this on as an exanple in
Soufriere Hlls in 1997. W had a vol canic bl ast
where we - fromthe destruction of the seisnmoneters,
we were able to estinate speeds. And we know that the
peak speed of this was around 90 neters per second.
And we also can use the sort of work that Geg

Val entine used from bonb blast danage to |ook at
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dynam c pressures, and i nfer velocities, and pressures

on sone of the structural damage. So this a flow with
a peak velocity, sonething like a half the jet of a

Strombolian cone at Eldfell. So let's see what this

does to structures.

When it's going around 20 neters per
second, the house doesn't fall out, but the roof gets
bl own off, and the wi ndows get blown in. Wen it's
goi ng 40 neters per second, sorry this is a bit dark
but the flow is going fromright to left, and the
house - the top of the house, all the standing part of
t he house above the surface where the roof was knocked
off. And you can just about see a big bl ock here.
I"'mafraid it's not as spectacular, it's a bit dark,
but this a bl ock which was going with so nuch nonment um
it inplanted itself in the side of the house. And
this is what happens at 60 to 90 neters per second.
This is the police station in the Village of St.
Patrick's where the peak velocity was, and the police
station, a concrete building, is gone. And that
village, cars, bridges, buildings, were conpletely
stripped fromthe | and and pushed into the sea when
the fl ow was going at 90 neters per second.

Now this is, of course, not exactly

anal ogous, of course, for a wi de range of reasons, but
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the flow density of this is approximately the sane as
the flow density of a Stronbolian jet com ng out the
vent, and it stops, as | say, about half the speed.
So this would be at |east an exanple, one could at
| east say that some structures, at any rate, can have
serious damage fromthese very hi gh-speed fl ows.

So what can we learn for the | essons for
Yucca Mountain? W can certainly say that intense
expl osive eruptions in the sort of -- we're using the
Lothrop Well as an Eldfell analogy, and this is
supported again by sone of Greg's work. W see early
on explosive activity, but there's early lava
effusion, as well. W can see discharge of expl osive
jets into the | ow pressure atnosphere at hundreds of
cubic nmeters per second, and speeds up to 200 neters
per second. The magma starts wet, and quite happy to
accept the experinmental evidence of N cholas and
Rut herford, to get cursory type we mght need 1,000
degrees Centigrade or less, but it erupts hotter
because when nagma ascends, crystals - the nmagnma cones
t hrough t he saturated crystals, and it rel eases | atent
heat, and that dom nates over any adi abatic cooling
effects of the gas. That's always the case, and so we
can get really quite extensive heating. So the nmagna,

in fact, cannot erupt as solidus. It wll erupt
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sormewher e bet ween t he sol i dus and | i qui dus, because of
this effect. And wet trachybasalt |avas extrude with
viscosities, and certainly 10 to the 5 Pascal - seconds
seens to be an upper limt, and that's for pretty
t horoughly degassed magma. And the flow, when the
magma extrudes, of course, the viscosity is a strong
function of tinme and di stance as the | ava extrudes, so
you can't use a constant viscosity in trying to nodel
the lava. And you can see that we can, of course,
eventual ly build up to very high viscosities when the
| ava eventually grinds to a halt.

We can see that when the |ava has becone
gui te vi scous, buildings can be destroyed. And we can
see, also, from Montserrat, that at |east sone
evi dence that high gas particle flows can be highly
destructive to some substantial structures.

Ckay. Thanks very much

MEMBER HI NZE: Thank you very much, Steve.
| notice your disclainer here at the --

DR. SPARKS: Ch, yes. Sorry.

MEMBER H NZE: And so we will put that on
the record, as well. Thank you very much, Steve. You
hit right on the button right correctly, and we are
anxi ous to hear discussion of that, but we'll hear the

next talk first, and then we'll take both of them up
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i n di scussion.

Qur next speaker is Bruce Crowe. Bruce,
of course, was in charge of the DOE' s vol cani c program
for a decade or nore. He now describes hinself as an
i nterested observer, | think, but he's far nore than
t hat, and has been involved in the PVHA, as well as in
the current PVHA update. Wth that, Bruce will be
speaki ng about the vol canic history of the Yucca
Mountain region, and inplications for the risk
triplet. Pleasure to have you here, Bruce.

| want to ask, are there any peopl e that
have joi ned us on the tel ephone bridge, before we get
started? GCkay. |If not, then we'll proceed.

(OFf the record conments.)

DR. CRONE: Well, while we're waiting for
this, 1'Il just tell you what |'m talking about.
There has been a lot of -- there are a |ot of
interesting and fam liar faces out there. Gkay, here
we go. So I'"'mnowwth Battelle Menorial Institute.
|"ve been with them since Cctober, so they're a new
organi zation. They did pay for ny trip out here,
whi ch was nice of themto do. So now howdo | flip
t hrough this? Ckay.

What |'mgoing to talk about is really

three parts here. |It's just some background on the
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evol ution of vol canic hazard nodels for the Yucca
Mountain region. And then the major part of the talk
will be really tal king about the setting and vol canic
hi story of the region, focusing on what | call the
post-cal dera basaltic volcanic cycles. And then
| ooking at the cycle patterns, and seeing what they
tell you, you can look at for options for future
vol canic activity, focusing on the risk triplet of
what can go wong, and what's the |ikelihood. The
effects will be in a later talk.

And then the third thing is, for the |ast
10 years, |'ve been wor ki ng on envi ronment al probl ens,
and basically doing nodeling, nostly probabilistic
nodel i ng on environnmental problenms. And there's a | ot
of parallels between dealing with rmultiple conceptual
nodel wuncertainties, and the work we're doing for
vol cani sm

So, as Bill nmentioned, I'ma fornmer Yucca
Mountain participant, and now |I'm unfortunately a
di stant but interested observer. It's been -- |'ve
been doing other things over the last 10 years. As
some people told me, there is Ilife after Yucca
Mountain. And it's been nice to be off the hot seat
for 10 years.

What |'ve been doing, just real quickly,

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

40

is I'm the Science Advisor for the Environnental
Cleanup of the Test Sites of the EM program a
di fferent side of the DOE house, and nostly |'ve been
working on probabilistic performance assessnents,
transurani c waste, |lowlevel waste. And right now,
we're in the mddle of trying to develop effective
nodeling strategies for dealing with contam nate
transport associated with underground testing. And
the common framework really is that probabilistic
nodeling is arisk tool totry to facilitate decision
maki ng under uncertainty, and clearly, there's a | ot
of conmonality with the problens we're facing with
Yucca Mount ai n.

So here's just an old approach that |
first devel oped back inthe late 70s, early 80s, which
partly still wpertains, | think. [It's basically
| ooki ng at the event probability, what's the hazard of
an event. It has two factors to it, the recurrence
rate, what | call E-1, and then the spatial disruption
probability, which I call E-2. And what |'ve shown
here, and | wanted to be purposely slightly fuzzy,
because the details aren't inportant. It's an
i nfluence diagramthat |'ve drawn. [It's just one of
mul tiple influence diagrans, as we all know that can

be drawn. And, in fact, every time | redraw this,
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it's always different. 1've never been able to keep it
stabilized for nore than six nonths at a tine.

So a few things to enphasize about this
nodel is it's an enpirical nodel versus a process
nodel , where nobst people would prefer dealing with
process nodels, I|like we deal wth contamninate
transport where we use basi cal |y conservati on of mass,
and solve the problens on a process-base using the
physi cs and chem stry. |Instead, we have an enpirica
nodel where we used the record to try to forecast what
future things mght occur. And we've been cursed with
thislimted data problem what | call a data paradox,
where we have a snmall nunber of events, which keeps
the risk low, but the uncertainty is | arge because we
don't have enough data to really be very quantitative
wi th how we design the nodels. And what that ends up,
by necessity, you have nultiple suites of perm ssive
nodel s, nodel assunptions, and paraneter ranges, SO
for any of these boxes, the basic structure can
change, and how people will paraneterize these boxes
in here varies dramatically. And with limted data,
it's hard to say what is a right nodel, or what is the
range of right nodels. The enphasis really should be
on nultiple perm ssive nodel s.

So | ooki ng back from the perspective of
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being away for a while, | thought it's kind of
interesting, in the early 80s when | first devel oped
this probabilistic nodel, there was a |lot of
di scussi on about whet her that was appropriate or not,
and that kind of dom nated the database for the first
"1l say four or five years, fromthe late 70s into
the early 80s. And then in the early 80s, there was
nore acceptabl e of the probabilistic approach, but a
| ot of debates over exactly what are reasonabl e ways
to set up the nodel, what are ways to do stochastic
paraneterization of all the little boxes | showed in
the previous ones. And we went through a |ot of
phases of refinenents, nodi fications of node
assunptions, and focused a | ot on probability ranges
wi th sone key questi ons bei ng asked, as which nodel is
right, or is there such a thing as a right nodel? And
then, what is the role of conservatisn®?

| have sone bi ases here that I'l|l go ahead
and note. | think in probabilistic nodeling, | think
you shoul d do everything you can to avoid
conservatism because it ends up biasing the output,
and making it very difficult to do true sensitivity
uncertainty analysis. But saying that, and actually
doing that, is not an easy thing to do, and the

experience with our PA nodel s that we' ve been worKki ng
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on, is it's very hard to keep all conservatism out,

but you have to really - | think you have to al nost
religiously try to avoid conservatism So | left the
program about 95, and the parallel | think is very

interesting to 2000's, is that where people are doing
a lot of probabilistic nodeling for conplex
envi ronnment al probl ens, where we're trying to quantify
the nul ti pl e conponents of uncertainty, | ook at trying
to reduce uncertai nty t hrough dat a gat heri ngs, through
iterative nodel cycles. And the key thing that cones
out, that | think is new and really inportant today,
is that nodeling, concept nobdel uncertainty really
dom nate nmany of these problens. |In fact, where we
can do tests, the uncertainty in nodeling,
particul arly conceptual nodel uncertainty dramatically
exceeds paraneter uncertainty.

So ny current opinion | wanted to express,
is that the volcanic hazard nodels are relatively
mat ure nodels. W' ve been hacking at this, and
arguing with each other for decades, and | think it's
ended up being inproving the nodeling dramatically.
| think consequences has a ways to go, but | think
we've gone a long ways in the probabilistic side of
the nodel. In nmy opinion, the renmaining challenge is

to try to do the best to agree on quantifying the
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uncertainty, and reaching agreenents on kind of the
range of uncertainty for the different nodel
conponent s.

So with that as kind of introduction, I
thought 1'd actually tal k about the vol canic record.
This is a bit nore yellow than |"mused to. Here's
the location that 1'Il be tal king about, what's been
call ed the sout hwest Nevada volcanic field, with the
basal ti c vol cani c record bei ng ki nd of the | ate endi ng
phase record of this conplex volcanic field. And I
just wanted to enphasize that it is in the basin
range, in the great basin portion of the basin arrange
provi nce, including both the southern basin arrange,
t he northern basic arrange, and here's Las Vegas, and
the arrow points to Yucca Muntain there.

| always like to use this diagram and
|"ve been using this for so many years, it's really
hard to see, actually. 1've forgotten where |I got
this diagram but it's basically a physiographic map
of the southern Great Basin. And the key things here,
this is where the southern Nevada volcanic field is
| ocated. Yucca Muntain here, is that not only are we
inthe great basin portion of basic arrange extension,
but there's also an overprint on what's been call ed

the Walker Lane System And this has a strong
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overprint of right slip faulting associated with basin
extension, so you get very conplicated basins. And
physi ographi cal ly, you can kind of see that the nost
active parts of the Wal ker Lane right now are between
Death Vall ey over to the crust of the Sierra Nevadas,
whereas, where we are in this area, we' ve passed the
maj or peak of tectonism but there still is potenti al
- well, there still is ongoing tectonic activity, just
at reduced rates.

|'ve drawn kind of the boundaries. |
foll owed the Las Vegas shear zone. | offset to the
kind of northeast along the rock valley, Mne
Mount ai ns series of less slip faults, and then trace
it up here. This is basically defined fromwork that
| did with WII Karr and Gary Di xon back in the early
80s, where we argued frequently. Everybody draws
slightly different parts of the Wil ker Lane, but |
think there is agreenent that we are in this area
overl appi ng stri kes than extension defornation.

Ckay. And another key thing to note is,
and | took this from- there's areally great web page
that they've been archiving ages for volcanic
intrusive rocks, and put together some really nice
ani mati on showing tinme space patterns of vol canism

The things | want to just point out is, | took sone
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time slices out of that database that Alan d azner
actual ly devel oped the animation. What you see back
about 30 million years ago, there was a sweep of

vol cani sns, nostly solistic vol canismthat's preceded
fromnorth to south, kind of along an arcuit front

across Nevada. Then another sweep that noved across
t he southern basin arrange, kind of sweeping up into
here, and they both neet sonewhere around the Lake

Mead, Las Vegas area. But the key thing is that the

southern spread at 20 mllion years, and about 11
mllion years marks the - right about 11 million years
was the peak of this volcanismin the -- representing

t he Nevada test site vol canism the southwest Nevada
volcanic field. Follow ng about 11 mllion years ago,
vol canismtransitioned to nostly basaltic vol cani sm
and then has restricted itself nostly to the active
mar gi n of the basin arrange al ong either sides of the
province. But the key thing is that the Yucca
Mountain site where we're looking at is at the south
end of this mgration of vol cani sm

kay. One thing | want to nention that's
been kind of an interesting thing |I've been doing for
the last 10 years, is that there's an anmazi ng anount
of data for the Nevada test site region. There's been

mul ti - decades of geol ogi ¢ and geophysi cal studi es from
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the 50s into the 90s, largely related to weapons
testing at the Nevada test site. The |ocation of
drill hol es were obviously clustered in testing areas,
and weren't as well distributed as a geol ogi st would
like them to be, but it still gives you a |ot of

t hree-di nensi onal data. And then, obviously, Yucca
Mount ai n has been doing a ot of work since the late
70s, and continuing, with even sonme specific vol canic
hazard holes that has been drilled nore recently.
But, al so, there's been ongoi ng studies in the geol ogy
and hydrol ogy of the test site fromthe environment al
managemnment programthat |1've been involved with, and
they're continuing - there's expiration drill holes,
geophysi cal st udi es, nodel i ng, and contaninate
transport that's ongoing, and we have al nost an
unprecedented | evel of know edge of the geol ogy and
hydrol ogy of this really conplicated volcanic field,
vol canic and tectonic field. And they've put together
a 3-D earth vision nodel, that helps them for
contam nate transport.

What al ways amazes ne is, even with al
this data, having mapped in a variety of volcanic
fields, I'malways anazed by every drill hole, we find
something new. And we find things that we coul dn't

explain. And like just recently, they've conme up with
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a new caldera in part of this conplex. So despite
tons and tons of data, we still are constantly
sur pri sed.

Okay. So here is a satellite viewof - a
bl ack satellite view of the southwest Nevada vol canic
field. It's dom nated by the Tinber Muntain cal dera,
which still is expressed topographically. It has a
| arge resurgent done, and a series of clustered
cal deras associated withit. There were just multiple
phases of large volune ash flow eruptions that built
up big ignenbrite plateaus, Pahute Mesa and Rainier
Mesa, and Yucca Mountain actually is part of this in
the south. But kind of right about at the waning
stage of solistic activity, and then somewhat younger,
a lot of these basins devel oped on the fringes that
predicted the Crater Flat Basin that you'll hear a |l ot
about in the next coupl e of days, Jackass Fl at Basins,
Yucca Flat, and Frenchman Flat Basin, so extension
occurred. W think that there's sonme phase of
extension early in the volcanic cycle, say from1l to
15 mllion years, but nost of the extension is |ate
stage and postdating the mmjor phases of solistic
activity. And the extension seens to be also closely
tied with atransition to balsatic volcanism That's

what |'mgoing to focus on next, but | just wanted to
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ki nd of show you the | andmarks of the area, with the
town of Beatty here, the Mercury area, which is the
entrance to the Nevada test site is here.

Okay. A key concept that's been kind of
coming in and out of vogue over the years, is what's
now cal |l ed the Amargosa Trough, and it's basically -
O Leary described it in a recent USGS paper, where -
and | think nost of the TVH panel nenbers are pretty
intrigued with what you see is a nice gravity divide,
that's also a structural high between high-standing
Pal eozoic rocks along here, roughly follow ng the
trace of the belted range and CP thress, and then al so
the real highs along the bare nountain of the range.
This has been a structural trough, and then a trough
that's | ocalized vol canic activity, both | ocations of
cal dera conplexes within this zone, and then al so, it
influences the location of basaltic vol cani sm since
t he M ocene.

And what's interesting is, | first heard
about this kind of trough concept when WII Karr and
| went on a field and visited with Bennie Troxel and
Loren Wight down in the Death Valley region. They
were | ooking from Death Valley northward, and Loren
was one of the first - he called this the Amargosa

Rift. WII Karr picked it up, and we wote sone
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papers extending it possibly up as far as Lunar
Crater. | later changed ny mnd on that, but you' Il be
heari ng from Eugene Smith |ater today. He's kind of
resurrected that, so this trough concept has pl ayed an
important role in kind of the structural setting of
vol cani sm

So noving on to what | really want to talk
about is the basalt cycles. What you see is, roughly
at about the waning phase of the nmjor solistic
vol canic activity, there was continuing activity at
Bl ack Mountain about 9.5 mllion years, but roughly
about 11 mllion years is the major activity. There
was a switch fromthe Ti nber Mountain conplex. There
was a switch to binodal volcanism and an intense
phase of basaltic vol canism occurred, nostly in the
sout hern part of the trough here. There's a big
shield vol cano that devel oped, the mathic | avas, the
donme nountain. And what we see in the subsurface and
| ocally al ong nesa-capping ranges is that there are
big volunmes of basalt were erupted synchronous wth
basi n devel opnent. You see slide blocks com ng off of
Bear Mountain that incorporate this roughly 11.3, 11.5
mllion year for basalt here. W know now flora is a
|arge part of Jackass Flats, so it was an intense

phase of basaltic volcanism kind of in the late
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M ocene, at about the time of succession of solistic
vol canism And nost of this, if you look at it from
a cycle standpoint, this | asted on the order of al nost
3 mllion years. Al of the basalts that we | ook at
are pretty large volunme. Sone of them are greater
than 10 cubic kil onmeters, but they all exceed about 3
cubic kiloneters.

And then following that activity, there
was a junp in activity that really occurred in two
phases. There was continuing basaltic and vol canic
activity associated with the Black Muntain cal dera.
And | originally had a couple of basalts that |
t hought m ght be separate parts of the cycle. People
now are thinking that it's nore likely tied to this
basal ti ¢ vol cani smassoci ated with the wani ng phase of
Bl ack Mountain. But what al so devel oped is there was
ajunmp in activity out of the trough here, over to the
Frenchman Fl at basin here, and the Yucca Fl at Basin.
Yucca Fl at, best we can tell, |ooks |ike al nost a pure
ext ensi on basin; whereas, Frenchman Flat is a strike
zone basin. It's a pull-apart along the left slip
rock valley systemhere. So the next diagramthat |
have shows you the cycle of activity associated with
this phase of basaltic vol cani sm

Sointhis area, there were three events,
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and this is pretty dark, so it's pretty hard to see
anything, so I'll just armwave over them quickly.
They range in age fromabout 8.6. There was a group
of basalts called the Basalt of Pahute Ri dge, which
received a |l ot of study and di scussion. And it is the
same age as some plugs down in Scarp Canyon. And then
we know from drilling and aromag data that roughly
about an 8.6 mllion year basalt covers nost of the
floor of the Frenchman Flat Basin over in this area.
The edge of the pull-apart is about right here. W've
intersected a few, just a couple of spots. There's
over 700 drill holes in the Yucca Flat Basin, so we
think there aren't many basalts there, but in two
sites they've intersected 8 mllion year old basalt.
And then there's a cluster of three volcanic events
associated with the Night Canyon 7.3. They're al
about the same age, and these are actually - two of
themare actually - two of themare nmar vol canos and
the other is just anormal little scurry cone in |avas
that's been | argely eroded away. But what you see is
a cycle duration of about 1.3 mllion years. W think
there's a decline in volunme to the cycle, but we
actual ly haven't put together the volune data on the
ol der events. But, enpirically, | think it's likely

that there was a volune decline to that cycle.
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There was roughly a hiatus fromabout 7.3
mllion years to 4.9, which is a barriel edge, an
anonmaly that hasn't been drilled down in southern
Amargosa Valley. W knowthere's a 4.6 mllion event
here, but vol canism switched back into the Amargosa
Trough, actually in the Pliocene, and there's a
sequence of events that are actually quite w dely
spread across this region, ranging fromthe Thirsty
Mesa, Buckboard Mesa is the youngest, the basalts of
southeast Crater Flat, and anormalies that we've
| earned a | ot nore about, and Kevin may be tal king a
bit about, in the southern Amargosa Valley. But what
we see, again, is roughly a cycle duration of about 2
mllion years, and | think pretty strong data shows
that there's a volune decline to that cycle.

The next cycle follows at a hi atus bet ween
Buckboard Mesa in the 1.1, to roughly about a 2
mllion year time gap. And then, again, still
staying in the trough, you see the Lathrop Wells, a
series of basalts down the m ddle of Crater Flat that
we t hought were all about 1.1, and just recently kind
of a controversy has re-energed on the age of the
little cones, and | think that still remains
unresolved. And then there's the two Sl eeping Butte

basalts, but this had, again, the sanme duration. |
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think you can ask a question of, is this cycle over?
Are we still in this basaltic cycle?

So what | wanted to sunmari ze here, and to
kind of draw this together is, what we see is, and |
don't want to go over all the details here. A lot of
peopl e here are very famliar with this, but there's
four distinct pul ses of activity. And what | think is
important is |ooking at these styles of cycles, their
typi cal durations, the volume decline through tineg,
the tinme gap between cycles, you can use this to try
to constrai n somrewhat the di fferent nodel s of what you
think mght happen in the future. And it depends a
| ot about where you think we are in this | atest cycle,
and what your conpliance interval is, either 10,000
years or 1 mllion years. And so | drew this kind of
conplicated diagram trying to tie this back to the
two parts of the risk triplet, what can happen, and
what the event probability is.

The nost |ikely thing that coul d happenis
a future volcanic event. And we're all trying to
decide what that future event could be. But you
actually end up with multiple options for definingthe
future events, and you can assign different
probabilities for those.

VWhat |'ve shown here is that this is the

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

55

interval betweenthe 1.1 in the Lathrop Wlls, here we
are at current. This is not to scale over here. And
based on this cycle, you would predict that the next
event would have a recurrence interval sonmewhere
around the range of around 300,000 years, with a 50
percentile value here. And if we're still in this
cycle, you mght expect another Lathrop Wlls,
possibly a Sleeping Butte-type event that vyou'd
forecast. |If you go out for longer tinme franes, it
runs - you can look at the possibility of either a
second event, or possibly a sufficient anount of tine
t hat you coul d nmake one of these cycle switches. And
we mght switch to a whole new vol canic field, which
woul d i ncrease the uncertainty of what coul d happen.
VWhat | really want to enphasize here is
not that we know really well what's going to happen,
but that we have to deal with nultiple permssive
nodel s, and multiple ways to | ook at the probability
data to try to forecast what m ght happen, and so
we're back to this issue of multiple perm ssive
conceptual nodels. And what | want to just enphasize
is, what we've been working with recently is using
Bayesi an nodel averaging for fluid transport nodels.
And there's areally great summary of this in a NUREG

paper that the NRC put out, that Sl onb Newran and
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Bi ri nger wote, where they' re basically proposing t hat
when you have these multiple conceptual nodels, you
can start to look at techniques, what they call
ensenbl e assenbl age techni ques for | ooking at ways to
treat the uncertainty of these multiple nodels. So
wi th contam nate transport that we're doi ng now, we're
| ooking at nultiple alternative transport nodel s t hat
i ncl ude vari abl e boundary conditions, boundary fl ux,
recharge, and hydrostratographic framework nodels
And what the Bayesian perspective gives you is a
nmet hod of integrating that data in a way to both
guantify the uncertainty, and to try to assenbl e your
best prediction.

And then kind of a fun thing that 1've
been doing on ny honme conputers was, there's this
distributed climate change nodel that's run by an
English group, where they've been sending out
conmponents of the gl obal climte change nodel to home
PCs, and they've been doing huge anmounts of
di stributed computing. And what they do is very
interesting, is it runs through a calibration phase,
and then a stability phase, and if the nodels pass
these two, there's a tendency in this stage to spiral
off into a frozen globe, or a fiery globe, and the

nodel beconmes unstable. But they use kind of a
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screening criteria to go through these phases, and
t hen they' re basically mappi ng t he nodel out put space.
And what's the real interesting insight is that you
can - basically, they're contouring the nunber of
nodel s that converge in different areas of this node
out put space. And when you're dealing with multiple
conceptual nodels, in this case they're not averaging
the nodels in a Bayesian approach. They're treating
them all as equal probable, when they go through the
screeni ng process, and so bringing that concept into
the volcanism problem for Yucca Mountain, I
resurrected an old diagram| did back in 95, where
was trying to westle with how do we constrain
sonmet hing? What |'ve used here for an exanple is the
recurrence rate, or E-1. And what | tried to | ook at,
is if there's a natural bound over here if you take
the regul ati ons of one event in quarterner is enough
to bring you into regulatory sensitivity. So | just
put this - this is a probability equal to one event,
and | used 2 mllion years. The people have slid the
guarternary around quite a bit, so you can nove that
| eft and right here.

| al so | ooked at quarternary fieldlimts,
and Chuck has done sim lar sort of cal cul ati ons, where

boxes nove around a little bit, but they're all fairly
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close in this area, where these are some of the nore
high activity fields in the G eat Basin. And you can
kind of put a limt over there. Since the volcanic
fields we're dealing with in the Yucca Mountain region
are smaller volume, toward the end of the end-nenber
structure, or end-nmenber magnitudes of volcanic
fields, we probably have to sit sonmewhere to the right
of this. And so, in 95 what | didis, |I conpiled al
the alternative nodels, equally weighting all the
nodel s, and this is the distribution. And then if you
take the typical rates out of the cycles that | showed
you, this is the kind of m dpoint val ues you get. [|'m
alittle bit biased with the | ow end, because the way
|"ve done ny event definition. And as you'll be
hearing for the next tw days, there's lots of
different ways to define these events. But what
think is interesting hereis that you can actually use
some physical limts, and as nuch data as you possibly
can, to kind of constrainthis probability field. And
an interesting thing that I noted, |I've been working
a lot with decision analysts since |I've been doing
envi ronnent al nodeling problens. And when | showed
them this diagram what they were amazed by is that
they thought that this was not very uncertainty.

They're used to | ook Superfund cl eanups, and deal i ng
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with renediation options and decision options. And
they said gee, as a order of nmgnitude uncertainty,
that's pretty minor. They were conpletely uninpressed
that we should be slaving away trying to reduce that
uncertainty, so that's an interesting perspective.

So what | want to say kind of for fina
corments is, particularly frombeing away for 10
years, is | think that we have very evol ved and mat ure
vol canic hazard nodels. The nodel structure
assunptions still continue to evolve, but I think the
basi ¢ approach has been reasonably stable. And we're
starting to converge, | think, on sone agreenent over
exactly what those probability ranges are. There's
al ways the possibility of surprise, but we've had
mul ti pl e decades of data gathering, and so that
reduces what the decision analysts call the unknown
unknowns.

W're faced with significant remaining
uncertainty. | think that there's no way that you're
going to be able to reduce nuch uncertainty further.
And we nmay actually be approaching the limts for the
data sets that we have out at the Yucca Mountain
region, of our ability to reduce uncertainty. So, |
mean, what | could nake as a finish coment is that |

think the key thingis totry to do the best we can to
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guantify that uncertainty using a variety of
techniques. | think that you need to | ook nultiple
permssive nodels. | think it's really Kkey to
calibrate to the vol canic record to make sure that you
don't get so caught up in your nodel that you end up
with physically inplausible values for different
conmponents of the nodel. And that you assenbl e
mul tiple nodels, and really look primarily out the
nodel output space, and focus your analysis on the
results and inpacts of these multiple alternative
nodels. And |I'd al so suggest that it's really going
to be worth paying attention to a |l ot of the parall el
devel opnents handling conceptual nodel uncertainty,
and other conplex environnental problens across a
range of disciplines. | think they're all converging
on fundanmentally dealing with the same kinds of
probl ens, sparse data, nultiple nodels, and how do you
then collapse that into uncertainty conponents that
you can deal with in a decision making format. And
"1l stop there.

MEMBER HI NZE: Thanks very nuch, Bruce.

Steve, if we could ask you to return to the front,

we'll open this to questions and comments. |1'Il first
ask the commttee, and I'I|l start over to ny left with
Dr. d arke.
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MEMBER CLARKE: Thanks, Bill. Very
interesting presentations. | think I'mgoing to hold
some questions until later. Thank you.

MEMBER HI NZE: Al | en.

VI CE CHAI RMAN CROFF:  As with Jim | think
"Il hold mine until later.

MEMBER HI NZE: Al right. And ny

col | eagues here.

CHAl RMAN RYAN: Thanks, Bill. In the
interest of tinme, |'ll do the sane.
MEMBER VEEI NER: | just have one very quick

one for Dr. Crowe. How do you reconcile your
statenent that you need to get nore realistic, and not
i nclude uncertainty, not include conservatisms and
uncertainties with the quantification and reducti on of
uncertainty?

DR CRONE: It's very difficult. Can

sit here?
MEMBER HI NZE: Pl ease. Those are |ive.
DR CRONE: It's not an easy problem
nmean, we built - | worked with a multi-disciplinary

group, and we built a probabilistic PA nodel for |ow
| evel waste disposal. And we thought we were doing a
good job of staying away from conservatisms. W

brought in a phil osophy of nean-centered probability
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distributions. And then once we'd run the nodel and
finished it, we went back and |ooked at it, and we
were surprised that we had sonme hi dden assunptions
built in. W just psychologically had been so used to
doi ng conservatismthat we forced it into there. And
what mny deci sion anal yst col |l eagues that | work with
argue, that you want to stay as nean-centered as you
can, and just w den your distributions. But then at
the end when you're summarizing your final
di stributions, then you can |ook at |ike upper
percentiles if you want to bring conservatismin. But
|"ve been surprised at how difficult it is to keep
conservati sm out of your nodels.

MEMBER VEI NER:  Thank you.

MEMBER HINZE: I'Il followup if | nay,
Bruce, with a question regarding the present data set
that we have, and the PVHA-U was really pronpted by
the addition of data to the set, and re-eval uating t he
concl usions on the basis of that. And you stated that
with the data sets that we have today, that we're
pretty well bracketing in, at | east on our probability
aspects. |Is there any data, given a blue sky
situation where we have the noney, where we have sone
nore time, which we probably don't have - are there

data sets out there that we should - that could be
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col l ected that woul d hel pto constrain the uncertainty
over and above what we're |ooking at today? And |
guess |I'll pass that on to you too, Steve, when Bruce
finishes.

DR CRONE: It's an interesting question.
| nmean, when | put together that recurrence diagram
that was kind of going through my mnd - what m ght
change those bounds that | was putting up there. And
Jean Snmith's conments on Lunar Crater possibly coul d.
It would break us out of the past cycles and say,
maybe the future is a little bit nore unconstrai ned
than we thought. That possibly could pull you
forward

W had a | ot of debates back in the early
80s of whether Yucca Muntain should start a
nmonitoring program to look at |ike geodetic data
variations in the gravity field, just a whole series
of things, and we coul d never get enough nonentumin
the programto start funding it. | mean, there was
al ways interest, but not enough priority to start
funding. | think that woul d be - one thing would be to
get a baseline of kind of how the nountain is
responding to nodern tectonism but the problemis
quite difficult. I nean, we're close to drilling and

exploring al nost every bit of information we think is
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out there, so that's why | ended up saying that |
think we're at thelimt. 1'd like to hear what Steve
has to say, whether we think vol canol ogy m ght advance
enough to give us some new insights.

MEMBER HHNZE: |1'd also like to add to the
guestion there - Steve, for you - |ooking at
precursors, what's the limt of our ability to do a
reasonabl e probability estinmate on vol canic events
wi th precursors? And do you see anything in the state
of science noving ahead to where we mght be able to
affect a better precursor for long-term predictions?

DR. SPARKS: I'minclined to agree with
what Bruce has said, that we may be reaching, given
all the studies that have been nade, to - if you |like,
alimt on how nuch you can reduce the uncertainty of
this issue, very low occurrence rate, nonogenetic
vol canism | nean, the case that | cited of Eldfell,
t he earthquakes occurred - started about 24 hours
before the event, and | don't see any possible
observations wthin the current know edge and
t echnol ogi cal devel opnents that would |ikely forecast
t hat an event of that kind was going to happen, so |l'd
be sort of rather pessimstic at the nonent. | nean,
we can do tonography of the mantle and find where bits

of nmelt are, but, of course, those are -- the
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resol ution of those is very poor to sol ve the problem
So for this sort of nonogenetic volcanism | think
it's really pretty difficult, and the sort of work
that Bruce is describing, of looking at very good
dating, and trying to see if recurrence rates are
random or clustered in sone ways. Probably the only
t hing you can sensi bly do.

As far as the consequences are concerned,
| think there is quite a lot we can do, and | think -
the mai n nessage of nmy talk really is that we actually
do know quite a I|ot about these trachybasalt
eruptions. And | think it wouldn't take a lot to
reduce the | evel of disagreenent that there appears to
beinall the different reports by just |ooking at the
data of where eruptions have actually happened, and
where we've got good data on eruptions, which are
broadly simlar to the sort of Lathrop Wlls case. So
| think that there is - at least, | think we - one
coul d i magi ne approachi ng this where there's a neasure
of agreenment about rheol ogi cal properties, about somne
of the constraints on dynam c processes, which are
narrower than the current range of opinions on those
that are currently in various reports.

MEMBER HI NZE: Thanks very nuch to both of

you. Wth that, let's nove to others at the table.
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Chuck, can we ask you if you have any questions or
comment s about these presentations?

MR. CONNER: Yes, thanks for the
presentations. | actually wanted to foll ow up on your
guestion a little bit, because | think it's worth
tal king about. Back in 94, the Center CNWRA wrote a
report saying that we really needed to pay attention
to high resolution nagnetic data, and seismc
t omography. And currently, DCE has gone out and done
great work gathering some high resolution magnetic
data, which have really helped probability nodels
quite a bit in terns of the nature of events we're
deal ing with, not so much the probability cal cul ation,
but the nature of events.

The seismc tonmography data is in
disarray, not to put too fine a pun on it. There's
never been a high resolution seismc tonography
survey. There are other places in the world where
sei sm c tonography is used very, very effectively in
| ooking at volcanic processes, that we just not
invested in that in the Yucca Mountain area. | don't
know i f every expert on the PVHA-U panel wants to use
sei sm c tonographic data, but | think quite a few do.
But the fact is, even given the existing data, there's

very bad agreenent on the interpretations, or the
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nodel s devel oped fromthe data that we have.

It'sreally, really unfortunate that we're
going to go ahead and essentially conplete
probabilistic assessments wthout state-of-the-art
geophysical data. And | think it's going to | eave a
door open that could have been closed by nore data
gat heri ng.

Also, | would say that the aero magnetic
data that's been collected has identified severa
anomal i es t hat have never been drilled. | think there
is a wide msconception that it's not worth drilling
t hose anomalies. In fact, it is worth drilling those
anonal i es, because they'll tell us a |ot about the
nature of volcanic events in the Yucca Muntain
region, and they nay constrain the nature of tenporal
clustering of events that Bruce has referred to very
wel | .

For exanple, there's one anomaly that's
normal polarity that's not beendrilled. WlIl, either
that's a new cluster, or it happens to be at the
boundari es of magnetic polarity reversal, so there's
definitely a lack of state-of-the-art in those areas,
| woul d say.

MEMBER HI NZE: Thanks very nuch, Chuck

| think this whole data, additional data is sonething
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that is ripe for further discussion, and in the other
periods, we'll have a chance to come back to that.
Dr. Mel son

DR. MELSON: | was going to speak to Steve
nostly. And in the case where you' re show ng these
exanpl es, as you know, these are, in a sense, within
science, they are anecdotal. Is that correct? |
nmean, these are exanpl es where we want to have a | arge
popul ation of things. And |I'm speaking specifically
of the behavi or of water. You nentioned where you had
a water-rich basalt, but you said it was erupted, |
believe pretty much degassed. |Is that correct? And
it flowed kind of evenly, and we developed - from
pahoehoe, we devel oped aahaah. And ny assunption is
you' re speaki ng of a degassed basalt at the nonent of
erupti on.

DR. SPARKS:. | think the question involves
gquite a range of different phenonena, so it's - |I'm
not going to answer it in a sinple way, because the
nature of the process isn't sinple. | think what you
can say is that for the lava flows, they erupt in a
degassed state, as we - | think everyone woul d agree.

DR. MELSON: Right.

DR. SPARKS: And fromthere phase

equilibria and presence of mnerals |ike Kaersutite,
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and in some cases, not necessarily, but in certainly
the case of Etna fromnelt inclusion data, you can
make some direct observations or inferences about
wat er content, which | think are pretty robust. So
the cases | described are all cases where we've got a
wet evol ved al kaline basalt, and we can then observe
t he phenonena that take place. And I'mcertainly of
a view that multiples in volcanology are not
sophi sticated enough on their own to get us to where
we want, because the process is so conplicated,

wi thout a good dose of enpiricism And vol canos

t hensel ves are telling us the story of what happens in
these eruptions, so |I'm not quite clear about the
drift of your question, but | wuld say it's
reasonably robust that we're dealing with water-rich
magmas in these cases.

DR. MELSON. Well, yes, not debating the
water-rich. The question is where is the water as
these cone out? And | would contend that if this
basalt you say had 4 percent water comng out
pahoehoe, |'d have to say nonsense, because 4 percent
wat er i s going to generate an i ncredi bl e over-pressure
in the atnosphere. You're going to have fountaining
and degassing, violent degassing, so that's what |'m

concerned about. | don't think you' re being clear
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about where - you're using this water-rich repeatedly,
but to ne, you' re not being clear about where that
water is at the time it cones out as pahoehoe.

DR. SPARKS: No, | think -- okay. | can
answer that in a nunber of ways. The nagmas start out
water, wth water dissolved in themat severa
kil ometers depth. They conme up to the surface, and
t hen during that process of eruption, the observation
that they cone out in highly explosive character in
fire fountains, and asdi gas magna. That observation
shows t hat t hose gases - there are processes operating
whi ch segregate the gases in a dynam c way to produce
gas-rich and gas-poor magna.

If you ask well, is it pahoehoe - |I'm
afraid that's what's observed. | can show you
phot ographs of Etna, which is trachybasalt with the
nmelt inclusion data suggested it originally contained
at least 3 percent water, and it cones out as
pahoehoe. You can see that happening, so it's not a
theoretical idea. |It's an observation. Now how you
expl ain that observation, sort of taking your point,
and taking ny point, is we don't have very good nodel s
for these. | perfectly accept that, but that's
actually what you observe. And | think that the

enpiricismin these cases where you don't understand
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the processes terribly well, it takes a high --
MEMBER HHNZE: | think we're going to have
to move on. |I'msure we will be coming back to this

nore t han once during the next coupl e of days. Bruce,
for a few nonents.

MR MARSH Geat. 1'dlike totalk to
Steve a little bit, too, maybe carry-over on this a
little bit. | knowyou'll agree, it's really hard to

box this in, but I think we are boxing these things in

a bit. And if you'll actually | ook at some of these
eruptions | ike Bill's tal ki ng about, |ike Hei maey, for
exanple, | nmean it does have cursor tied in, but

cursor tiedin, if you had the entire magnma was cursor
tied, and you only have to have 2 percent water init.
And as we know from phasic equilibria, the appearance
of an affable really is a tenperature indicator, not
a water indicator, so you can have a nagnma that has a
dorme, for exanple, many, many donmes will grow affable
really | ate because they get bel ow 1050, 1050 is the

critical tenperature really, so in and of itself, |

nean, it is kind of anecdotal. For exanple, at
Hei maey, lceland, in general, is a very, very dry
area. | mean, Bill did water on the Wight Counties

Ri dge and submarine things, as you get up there,

nean there's .3, .4 percent water submarine. And if
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you |l ook at the Rhyolites in Iceland, for exanple,
there are very fewpyroclastic, if any big pyroclastic
flows that conme out of there. So | was struck - we
can go through and tal k about sone of the other ones,
too, in this manner. But | was struck, Steve, and
also a little bit in Heinaey about the - could you
enlarge a little bit on the interplay early in the
sequence between basi-tephra eruption and |ava
eruption back and forth, playing back and forth,
whi ch, in sone ways, makes you think that naybe water
wasn't all that inportant in there, didn't have a big
high water content. But did you find this curious,
too? | nean, you didn't get very explosive events
that blew down the town, for exanple, things I|ike
this.

DR. SPARKS: Not particularly. |I nean, 1'd
sort of like to go back to a point about Iceland. You
may well be - of course, you're right about what
happens in the Raycants Peninsula, but that's not the
vol canic environment we're dealing with. It's a
transforned fault basalt vol cani smwhere the basalts
are really quite explosive, a |ot of nonogenetic
vol cators on the Raycants Peninsula. They're very
simlar to sorts of - from physical volcanol ogy, a

petrol ogy point of view, to alkaline volcanism So
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the drawing in the sopholitic volcanism on the main
ridge is not really relevant.

MR. MARSH. But the rhiolinic vol cani sm
like at Tofra Yoca, where we worked, is 200 cubic
kilonmeters of rhiolinic material.

DR SPARKS: Yes.

MR. MARSH. Very dry, enornously dry.

DR. SPARKS: Well, I --

MR. MARSH. That's just right on the sane
rift systemyou're tal king about.

DR SPARKS: Yes. Well, | nmean, there is
1362 eruption of Arifia cooler, there is the Tophia
Cool er will detox around there, around the aspirating
75, which are all highly expl osive variety producti on,
so | don't accept your point that the magnas, the
Rhyolitic magnas are not explosive. There's |ots of
exanpl es of explosive activity fromRhyolites. That's
probably not the nbst pertinent point, because |'d go
back to the point about Kaersutite. Kaersutite tells
you it's 2 percent water in the anphibole but that's
not the relevant point. And if everyone - well, |
t hi nk ny readi ng of the consensus is that people have
bought into the Rutherford and Nicholas work, and I'd

sort of accept that. And that's telling you that if
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you Kaersusite precipitation froma al kaline basalt,
you've got a sort of mnimmof around 4 percent
water. That's the phase equilibria. 1It's actually
gui te consi stent, because if you take those observed,
and | stressed the observed eruption tenperatures of
1030 to 1050 degrees Centigrade, that is exactly what
you woul d expect from thernodynam cs, froma magna
saturated in water at the high depth, with 4 percent
water, comng up to the surface and degassi ng,
crystalizing out, raising its tenperature, and with
one atnosphere |iquidus of 1150, also 1105, so it's
nore or | ess what you' d expect. So | don't think that
t he petrol ogical conmmunity would be -- see this as a
sort of a controversial issues. These alkaline
basalts are, in a sense, observed with sone inference
and things like inclusions to have high water
cont ent s.

MEMBER HHNZE: Wth that, I"'mafraid we're
going to have to cut off discussion, Steve and Bruce.
W will, |I prom se you, cone back to this, because
this is at the very heart of some of our problens and
t he di sagreenents.

Wth that, I would like to suggest that we
take a 15-minute break. Please keep your questions.

W'l cone back to them if we have to stay here al
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evening. W wll reconvene at 10: 20.

(Wher eupon, the proceedi ngs went off the
record at 10:07 a.m, and went back on the record at
10: 24 a.m)

MEMBER H NZE: W th that, we will nove on
to the next speaker. If we could please, Charles
Connor. There's Charl es.

| do want to tell you that the handouts
for the next two speakers, | understand they are not
back from reproduction. They will be avail abl e
shortly but they are not currently available. And we
do apol ogi ze.

Wth that, | wll introduce Professor
Charl es Connor, who has been involved with the Center
for Nucl ear Wast e Regul at ory Anal ysi s | nvesti gati on of
| gneous Activity for the NRC for many years. And is
currently a nmenber of the PVHA update. And he will be
di scussing with us one of his very favorite topics,
probability assessnents. Pl ease.

PROF. CONNOR | don't know, Bill, I'm
pretty tired of it.

(Laughter.)

MEMBER HI NZE: Don't give ne too nmany
straight lines. | try to be a gentlenan but there is
alimt.
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PROF. CONNOR: My wife and | have been

working on probabilistic assessments for various
vol canic hazard problens around the world. And
nodel i ng vol canic processes, tephra dispersion, and
that sort of thing. And, you know, when we get

t oget her, you know, drink a beer with our neighbors,
they always ask, you know, why do you study
vol canol ogy in Florida.

And ny wife has come up with fairly stock
answer that is in 25 years, the nore we |earn about
vol canoes, the farther we want to live away fromthose
vol canoes. And | guess there is a lesson in there for
this project sonewhere but 1'Il |eave that to you

kay, a disclaimer, the topic I'm
presenting here today is all about nmy work and Laura's
work. As Bill nmentioned, |I'ma nenber of this PVHA-U
Expert Panel but it certainly, what |I'm presenting,
does not represent the views of the panel as a whole
in any way or people involved in the PVHA-U process
ot her than ne.

It does represent DOE i n any way or forner
enployers like the CN\RA. So this is all nme. And
Laura. She can't defend herself here today but that's
it.

Ckay. | thought |I'd better tal k today

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

77

about the probability of igneous disruption of the

repository froma probabilistic perspective. | want
to warn you that | have included turgid detail in
terms of the text on these slides. |1'mnot going to

go through the text now but the object is that you
wi |l have the presentation eventually, | guess. And
you will be able to read about this in nore detail.

W've already heard a bit about the
tripartite nature of the probability. Wat is the
nature of igneous events? Wat areas do specific
events inpact? Wat is the spatial intensity of
vol canisn? And what is the estinmate of recurrence
rate of igneous events to the region, which Bruce
Crowe just concentrated on a mnute ago.

I nherent in all of this is a specific
definition for volcanic events. And | woul d nmake one
comment about the white paper at this point. 1In the
white paper, the white paper followthe logic that is
presented in the Iliterature. And that is an
i nconsi stent definition of volcanic events.

So we need to shed the past a little bit
and be very specific about event definition because
when we discuss the different probabilities the
di ff erent worki ng groups have conme up with, they often

involve different definitions of volcanic events.
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| don't know how you guys can help that.
But that's the fact. So it has to be very, very
cl ear.

Inthis analysis, |I'mgoing to assune t hat
the repository itself does not repository itself does
not inmpact in any way the probable distribution of
future events. That is sonething that we can di scuss
in nmore detail.

And |'m going to present a nethod for
| ooki ng at scenarios based on vol canic mappi ng and
vol canic terrains, basaltic volcanic fields in severa
pl aces. And you can see how we devel op a vi ew of
vol canic events that is consistent and usable in the
context of PVHA and ultimtely the hazard assessnent.

kay. One thing that Laura and | have
been working hard on lately is the devel opnent of an
event sinmulator.

|"ve witten papers about Yucca Mountain
t hrough the 90s and termnating with a paper | wote
with colleagues in 2000. And in each one of those
papers, we've always said |ook, we're not doing a
conpl ete analysis because we haven't paid enough
attention to the structure of the igneous events
itself.

And so I'mtrying to rectify that lately
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by si nul ati ng vol cani c events as geol ogy di ctates t hey
likely appear in the substrate beneath the Yucca
Mount ai n regi on

So here would be a good exanple of a
single event which consists of nultiple dike
injections, nultiple vents or vent-like structures,
and in sone cases, as drilling has indicated, we
shoul d probably include sills in the anal ysis as wel|.

So with this event sinulator, what we've
done is taken actual geologic data derived from
geol ogic mapping, as I'll elaborate on in a mnute,
digitized those events, built a library of those
events, and essentially then we can draw on that
l[ibrary to create literally mllions of simlated
events by which we can | ook and see the frequency of
intersection of those events wth a proposed
repository boundary, for exanple.

| really will say that this has been quite
a eye-openi ng experience for ne because for the first
time, | can see how these events relate well to the
observations we have in the field and how the
probability nodels relate well to observations from
the field.

So here is an exanple fromthe field.

This is one from San Rafael, Uah. It is a pliocene
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volcanic field on the eastern margi n of the basin and
range. Quite a simlar environnent in the sort of the
gross geol ogi c scal e of things.

Paul Del aney and col | eagues napped there
gquite a bit inthe md-90s, |ate 80s and m d-90s. Here
you can see events. A system developed in the San
Raf ael associated with a four and a half kiloneter
| ong di ke swarm The photograph is basically | ooking
in this direction so you can see one of these dikes
and that vent conplex in the background.

Zoonming in on the vent conplex, you can
see that it is actually a large zone, conplicated in
nat ure because this is maybe an eruption that evol ved
over time, one which is simlar to events |like
Paricutin or perhaps Heinmaey, which we observed
hi storically.

So there are sone observati ons we can nmake
about the nature of dikes which we can feed directly
into our event sinmulator. Dike segnents that rotate
as they rise through their conplex structures. Dikes
can be mapped extending up to about ten kilonmeters in
the San Rafael region fromvent areas. But comonly
t hese di kes forns are shorter.

Dike orientation 1is consistent wth

regi onal structural patterns. Paul Del aney mapped the
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relationship joints. And multiple dikes are nost
commonly associated with single i gneous events.

We could do the same for vents and vent-
like structures. So here is a picture. It is pretty
dark here. | guess that is going to be the thene for
t he day but you can see that there are vents here and
screens of sedinmentary rock attached to those vents
still. But you can see that this alignment events
formed and the rocks rounded and subsequently eroded.

| f we maps of these structures, like this
one, you can see di ke sets going through here with
vents formng. Along that di ke set they have
conpl i cated geonetries and so on.

Paul Del aney first pointed out that all of
t hese vent-1i ke structures probably didn't formci nder
cones or scoria cones at the surface. So we don't
necessarily know that only one scoria cone was
associated with this alignment. But that is certainly
a possibility even though there i s nore t han one vent -
i ke structure.

Sills are also comon in the Yucca
Mountain area. Mich |l ess commopn that scoria cones
but you can see here in the Pauite Ridge maps sil
anonaly A appears to be sill or sill-like. W don't

know of anomaly C or D are sill or sill-like either.
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And we have exanple of sills and basaltic volcanic
fiel ds where these things are exposed.

So the bottomline is, the geol ogy ought
to incorporate this -- or the probabilistic nodels
shoul d i ncorporate this diverse range in geol ogy.

So let's look at an exanple event
simul ati on, one exanple. Here is a single center with
mul ti ple dikes and vents shown in map view here. So
actually this is sonewhat simlar to the Pliocene
Crater Flat. And |I've drawn it here to be consistent
with the orientation of faults, fault patterns in the
Yucca Mountain area.

You know there is an idea that dikes are
going to be North 30 East in the Yucca Muntain area
based on regional stress. And | think that is true if
you are |ooking at the |ower crust. But if you |ook
at the near-surface region, and certainly the
repository falls in the near-surface region, Pliocene
Crater Flats, the Thirsty Mesa vent alignnments are
north-south. Lathrop Wells is elongate north-south.
And so on

So it looks Iike alnost all the evidence
we have i s shal l ownorth-south i ntrusions through here
so that's why these dikes have that sort of

orientation.
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W can add conplexity. W can add sills
to these scenarios to help forecast the |ikelihood of
events. And then we can develop alignnents like this
one, which would be aligned on a northeast trend with
mul tiple dikes and volcanic conduits or vent-like
bodies in this case associated with that.

So if we go through our analysis with this
library of geologic structures, and we marked across
say this map area at grid points and do thousands of
simulations using a parallel conputing platform to
describe what is going on here, then we can get an
i dea of the frequency of events intersection.

The main point here is that we've
attenpted to inject geologic reality into the
analysis. That is, this |ooks to ne |like San Raf ael
or other exposed volcanic fields in Uah. It is
consistent with the surface geologic information we
have in the Yucca Muntain region. So this is an
exanpl e of trying to develop this sort of sinmulation.

You have to devel op PDFs for sanpling this
library, which can be pretty conplicated and give
vol canol ogi sts plenty to argue about, say the nunbers
of centers per event my be a wuniform random
distribution between 0 and 5, nunber of dikes per

center, half nornmal distribution with nean and
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standard devi ation one and five, et cetera.

So it is possibleto develop or infer sone
sort of distributionthere. And you can devel op a map
that |ooks this. This is for dikes. And this map
contours in percentile from90 to 10 percent. So the
likelihood of dike intersection given this event
simulation -- so this is based on thousands and
t housands of simulations. And it gives us an idea
that based on the Ilibrary of known geol ogic
struct ures, that would be frequency of dike
intersection at the repository given an event centered
on any grid point within that area.

And we can do the sane thing for frequency
of vent intersection with the repository given an
event and frequency of sill intersection given an
event.

So we can draw fromthis -- and you can
see that it is becomng bunpy here because the
frequency of silver injectionis very lowin nmy nodel.
And, in fact, probably 1,000 sinmulations per grid
point weren't quite enough in the Mnte Carlo
simulation to extract that.

Now we can conbine that with information
about the spacial intensity of volcanismand here is

a statistical nodel for spacial intensity of vol cani sm
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in the Yucca Muntain region based on the past
frequency of events. And one of the main problens, |
think, in probabilistic assessnents has been --and |
think we are finally overcom ng sone of those probl ens
-- is that you have to use a consistent event
definition here that s <consistent wth the
information that | showed you previously.

So in other words, we have to -- it treats
all of Quaternary Crater Flat as one event shown here,
if 1"'mgoing to use the type of sinulator I showed you
in the previous slides.

That is not always done consistently
because people often focus on pieces of the puzzle,
naturally enough, but again, you have to be very
careful when you are conparing all these past
probability results that the event definition is
consi stent that you are using. And that is not always
t he case.

So this is a non-paranetric nodel. It is
a Gaussi an kernel function. Non-paranetric statistics
is the rage. And | think it is appropriate to use
this kind of approach for the Yucca Mountain region.

Basically the probability depends on the
Gaussi an kernel function, the distributions of past

events, and sone estimate of a bandw dth, which you
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can think of as the standard deviation of a Gaussian
function about that. So we can devel op these sorts of
nodel s for the region

When | conbi ne the output of the event
simulator with that map | just showed you, we get a
map that looks like this. So this is the likely
| ocation of events based on spacial intensity and the
results of the event sinulator that would inpact the
repository. And you can see this regi on down around
the Solitario Canyon fault in easternnost Crater Fl at
would be the =zone nost Ilikely to inpact the
repository.

And if you integrate these results, you
get a probability of intersection, given an event in
t he regi on, given that vol cani smoccurs, of sonething
like five percent. | don't want you to seize on
nunbers here because it is just not appropriate in
this venue. |'mgiving these as exanpl es.

They are going to change. There is a |ot
of code involved. OQur code is not qualified. Al
t hose caveats pertain. So these nunbers are given as
exanpl es.

But you can see that the general pattern
sort of makes sense. That given the nuch higher

probability of volcanism out to the west on this
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pi cture, and given our understanding of the
di stribution of events, it would be an event | ocated
here, sout hwest of the repository that woul d be nost
likely to lead to intersection.

And we can do the sane thing for these
ot her ki nds of structures, igneous vents and vent-1ike
structures, and sill injection as well. And those
probabilities, just for exanple, are around say one
percent and .02 percent.

Bruce made a big point of uncertainty.
And | concur with that conpletely. It turns out -- it
has been five or six years since | went through an
entire <calculation from start to finish for
probability of igneous disruption of the repository.

And | was absolutely struck in doing this
anal ysis over the | ast fewweeks that it is incredibly
-- the output is incredibly sensitive to input
assunptions. It is unbelievably sensitive. | can
change the result by an order of nmagnitude in a flash
by changi ng sone assunpti ons.

And the reason is -- or one of the reasons
is the Yucca Mountain is located at the edge of this
volcanic field. W are dealing with the edge of the
system and it is very sensitive to those spacial

di stributions and probability.
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So what Laura and | have done is tried to
assess the inpact of wuncertainty in the spacial
intensity. And | just want to spend one m nute going
through this because it isreally quite inportant. |If
| have a limted nunber of events, the few triangles
on the map which represent volcanic events in the
region, and | construct a probability density function
fromthat distribution, then | nust be uncertain about
its form right? Because | only have a very snal
sanpl e.

So what is the cost of that uncertainty?
Bruce presented this in the context of uncertainty and
tenporal recurrence rate but what about spatially?
Vel |, we can borrow net hods fromgeophysi cal inversion
of other types of data to really understand the
uncertainty in that surface.

And so what we do is if we've got say a
surface conposed or defined by 11 events and we
construct a probability density function fromthat, we
resanple it. W draw 11 nore events fromthat
surface, reconstruct that surface, a new surface from
that new sanple, and recalculate the probability of
di sruption of the repository or recalculate the
spatial intensity of volcanismat the site.

And if you repeat that over and over and
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over again in a Mnte Carlo fashion, you can get a
sense of the uncertainty in your spatial intensity.

Qobviously if you have few events, your
uncertainty becones very high. |f you have a | ot of
events, if you are in the seamof a volcanic field in
a different part of the basin and range, you should
have a | ot of certainty about your surface.

And so this is the graph that | want to
show. | changed bandwidth in this direction on ny
Gaussi an kernel. | can look at the Iikelihood or the
spatial intensity in that direction.

And the nean values follow a nice
distribution like this. So for short bandw dths, |'m
saying that volcanismis nost likely to cluster very
stronger in Crater Flat.

And as it noves out, the probability of
di sruption of the site or the spatial intensity at the
site increases because that probability surface is
spreadi ng out and enconpassing the site.

The point is is uncertainty drives the
entire analysis. |If | say choose a bandw dth of seven
-- or six or seven, sonmething like that, you can see
that hereis ny quartile distribution spanning sever al
factors here but if | go out to the 99th percentil e,

|'"'m spanning alnbst an order of nagnitude of
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uncertainty.

Ckay. | don't see how we can get around
this in the statistical nodel. Since we are basing
them on few events, we are going to have high
uncertainty. | don't think it surprises anybody in
t he room

I f we | ook at tenporal recurrence rate, |
won't bel abor this because Bruce went through it in
some detail, you can get a maxi muml i kel i hood esti mate
of sonething like two events per mllion years that
al so has uncertainty associated with it.

And if we turn the crank as an exanple
only, this is the kind of output we get for
probability of dike intrusion in the repository, that
.05 nunber times two to the mnus six gives you about
one tines ten to the mnus seventh per year, |ower
probability for vents, |lower probability for sill.

The point is don't fixate on these
nunbers. They are exanples. But there is sonething
like an expected value based on this specific
analysis. Wll, the uncertainty is what drives it.
If we ook at a likelihood ratio since we have very
few events to choose from we don't our recurrence
rate very well as Hope pointed out a nunber of years

ago, so we've got a recurrence rate that varies from
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sonmething like two to the mi nus seven events per year
or six tinmes ten to the mnus six per year. That
alters the probability sonewhat.

But then the uncertainty in the spatial
intensity, for exanple, increases our uncertainty by
something like a factor of five. So you wind up with
being pretty sure that the probability is sonewhere
bet ween zero -- or approaching zero -- and ten to the
m nus six per year.

W can introduce a | ot of geol ogi c dat a.
| think it is really crucial to interject geologic
data into this kind of analysis. There are various
nmet hods for doing it. But | think the point is is
that we are going to live with uncertainty in these
kinds of calculations and the types of order of
magni tude are slightly | arger than order of magnitude
uncertainty that Bruce was tal king about is going to
exi st in these anal yses.

So | think | can leave it there but |'ve
got some comrents on that. Specifically | want to say
that the analysis | just presented is not conplete.
| could do a lot nore things -- and I'mnot trying to
ci rcunvent the PVHA process, which | think is very,
very inportant. | presented this as an exanpl e of

where we are going.
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So t he t ake- hone nessage, | hope the white
paper enphasi zes event definition because
i nconsistency in the use of event definition, as it
exists in the white paper now, is confusing to
readers, to a casual reader. It would be extrenely
conf usi ng.

And second | hope the white paper
enphasi zes uncertainty because although |'m not
willing to quote you an exact expected val ue today, |
think that range of uncertainty is sonething we're
going to wind up living with. So | really hope that
the uncertainty is enphasized at sone point.

MEMBER HI NZE: Thank you very much, Chuck.
And t hanks for your coments regardi ng howto i nprove
the white paper. W are |ooking for that from
everyone and encourage you to nmake those comments.

Wth that, Chuck, we'll have di scussi on of
your paper after Gene Smith's --

PROF. CONNCR:  Sure.

MEMBER HI NZE: -- presentation.

And with that, 1'Il call upon Professor
Eugene Smith fromthe University of Nevada, Las Vegas,
who is currently a contractor for the Cark County,
Nevada program

And Gene will be talking to us about the
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i nportance of understanding the process of nmagma
generation for vol cani c hazard studies. And as we've
heard, we are probably going to be | earni ng nore about
the Crater Flat, Reveille Range, Death Valley trend.

Thanks so much for being here, Gene. And
you have a hal f an hour.

PROF. SM TH. Ckay, can everybody hear ne?
|"mnot sure | have the m crophone on properly. How
about now?

MEMBER HINZE: | think we need it a little
| ouder. You may have to speak up, Gene, and lay it on
the line. There you go, it's working now.

PROF. SMTH  kay. We've got all the
techni cal problens settled here. | want to -- | guess
| have to do this nyself. There we go. Ckay.

MEMBER HI NZE: Excel | ent.

PROF. SM TH  Now we have all the
t echni cal probl ens sol ved.

I"dliketotry totake this discussionin
a nuch broader -- | ook at a rmuch broader perspective.
Up to now, as you' ve noticed, all these speakers
except for Steve have sort of focused on the Yucca
Mount ai n ar ea.

|"d |ike to broaden our perspective both

geographically and also I'd like to take us deeper.
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|'"d like to take a | ook and see what the influence of
the mantle is, the Earth's mantle, on all the
processes we are | ooking at here.

And first 1'd Iike to acknow edge support
fromd ark County and the State of Nevada for ny work
over the past several years.

Now the main point I want to try to give
you today is that it isreally inportant to understand
the process of volcanism before calculating the
probability of future events. Process is very
i mportant.

Now i n the past several years, there have
been several nodel s proposed. And one that people are
tal ki ng about today, at |east nobst people are talking
about today, |'ve called the traditional nodel. This
is a nodel that is based on geochem stry that goes
back to the 1960s and 1970s. And it is a nodel that
focuses on Yucca Muntai n.

It assunes nelting inthe -- this is sort
of a picture of the wupper part of the Earth's
lithosphere and mantle. The crust is about the upper
30 kilometers. The green slab here is the
lithospheric mantle. This is the rigid, non-
convecting part of the Earth's mantle. 1t has been

basically isolated from the convecting part of the
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mant|l e which is the asthenosphere.

And there is sone debate as to the depth
of the boundary between the |ithospheric mantle and
t he ast henospheri c nmantl e under Yucca Muuntain. Sone
earlier studies suggested it was 100 kil oneters. And
|"ve heard some recent comment that it mght be as
shal |l ow as 60 kilonmeters. So |I'mjust going to put 60
to 100 kil onmeters down for the boundary between the
rigid part of the mantle and the convecting part of
t he mantl e.

Now t he traditional nodel assunes nelting
inthe lithospheric mantl e and basically inplies that
volcanismis waning. There is a very limted anount
of material to nmelt in this area. And if you assune
that the traditional nodel is correct and vol cani smis
wani ng and the probability of a future eruption is
actually very small.

About seven years ago, | proposed a deep
nelting nodel. It assunes nelting in the
ast henospheric nmantle, that is nelting at depths
greater than about 100 kil onmeters. Now this nodel has
broader perspective. It focuses on an area extending
from Death Valley all the way to Lunar Crater
i ncludi ng the Yucca Muntain area.

And the inplication of this nodel is that
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a new peak of volcanismis possible. That vol cani sm
is not dead. And in the future, we m ght have an
upsurge of vol cani sm

Now several speakers have already tal ked
about this but this is the area of interest around
Yucca Mountain fromthe Lathrop Wl ls cone, here is
t he repository bl ock.

Several -- both Bruce and Chuck have
tal ked about Sl eeping Buttes and Buckboard Mesa and
the Pliocene Crater Flat. So | won't discuss this in
any nore detail. However, | just wanted to show you
that there are several different, in terns of
calculating probability studies, there are severa
different interpretations of the area that should be
consi dered for probability studies.

Back in the late 1980s, Bruce Crowe
suggested this zone right here which he called the
Crater Flat zone. It included nost of the -- it
i ncluded all of the Quaternary vol canoes and nost of
t he Pliocene vol canoes.

Back then Bruce and | didn't agree with
each other very nuch. So | had to come up with a
counter zone. So | suggested a zone that was
basically simlar to Bruce's. | called the area of

nost recent vol canism pretty nuch the sane as Bruce's
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except it includes Buckboard Mesa.

Maj or di fference between the Crater Fl at
zone and the AMRV is that the Crater Flat zone does
not include the Yucca Muuntain block. AMV includes
t he Yucca Mountain bl ock.

And Bruce nentioned this and | have the
orientation of this alittle bit skewed here but the
-- this is something that goes back to WII Carr that
Bruce nentioned, the Amargosa Trough, which many of
t he panelists on the PVHA update are considering is
the area of interest for volcanism Al of these
interpretations are pretty well focused on Yucca
Mount ai n.

And there is another interpretation which
Ri chards Carlson, a forner nmenber of the pane
suggested. He suggested that volcanismis focused on
t he Ti nber Mountain Caldera. And with tinme, vol canism
shifts inward and is focused nore and nore in the area
around Crater Flat and the area just to the west and
south of the repository.

This particular nodel is based on
sonmething that | did back in the mddle 1990s with
Gene Yogodzinski. W concluded that a portion of the
lithospheric mantl e was probably nore susceptible to

nelting and was nore likely to nelt. And we terned
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this area the Amargosa Vall ey |sotope Province. And
many of the panelists have used this as the area of
interest and an area that probably would nelt and
produce magnas.

Now let's take a | ook at the traditional
nodel and then we will try to assess it alittle bit.
The traditional nodel, again, assumes that nelting is
in the lithospheric mantle. Again, this is the part
of the mantle that doesn't circulate and it contains
mat erial that has been isolated from the convecting
mantl e for perhaps billions of years.

And because of that, isotopic ratios have
evolved to high initial strontiumratios and | ow
epsi | on neodym umval ues. Basically what has happened
is that the isotopic ratios have changed with tinme
fromtheir original val ues.

Nowneltinginthis lithospheric mantleis
adifficult thingto do. The rock type is peridotite.
Peridotite nelts at a very high tenperature. So two
ways of getting around this are to add water to the
peridotite. If you add as little as a half percent
water, this lowers the solidus tenperature and al | ows
some of the peridotite to nelt.

Anot her possibility is there mght be

fusible zones within this green slab, the lithospheric
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mantl e. These fusible zones m ght be mafic di kes or

hydrous conmponents which were added to the

lithospheric mantle a billion years ago, naybe even

earlier. And that these fusible zones, which | tried
to show by these little dianonds, are the nost likely

portions of the lithospheric nantle to nelt.

So I"'mjust going to tal k about these two
possibilities. One, we added to the lithospheric
mantle to nelt it. And two, we have these fusible
zones, these small, isolated veins or dikelets, which
melt out first.

Now if you nmelt a water-rich |ithospheric
mantle, there are sonme things that we have to
understand. Water in the lithospheric mantle is
commonly hosted in mnerals such as hornbl endes and
m cas.

Now recent work starting back in the m d-
1990s i ndicates that m ca and hornbl ende are host for
hi gh fuel -strength el enents. These are elenents |ike
ni obi um and tantalum And I'll show you why that is
inmportant in just a second.

These particular mnerals take these
elenents in and they are enriched in niobium and
tantalum Partial nelting of a peridotite containing

as little as three percent nica and/ or hornbl ende wil |l
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produce basaltic nelts that have positive anomalies in
ni obium That nmeans they will be enriched in the

hi gh-fuel strength el enents. They will be enriched in
ni obi um and tant al um

Let nme just show you what the inplication
of thisis. This is sort of dark. Sorry about that.
What | have done here is | have plotted the
concentration of elenents nornmalized to ocean island
basalt which is a very comon t hi ng done i n petrol ogy.
You can normalize it to a variety of different
paranmeters. And |'ve plotted it along the X axis
el ement, fromcesiumto the rarest el enent, |utecium

Now the black line represents a typica
Crater Flat basalt. This is fromone of the one
mllion-year-old centers. Notice that it has a
signature here of a negative niobiumanomaly. And if
you were to | ook at tantal um tantal umwoul d al so show
this dip. And we won't take a | ook at the other
characteristics. There is not tinme to | ook at
ever yt hi ng.

A typical mca-bearing peridotite, which
may represent lithospheric mantle -- now this is an
exanpl e of a m ca-bearing peridotite fromthe Col orado
Plateau. It is not fromthe area beneath Yucca

Mountain. |t shows a positive niobium anonaly.
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Now if we nelt just a small part of that,
if we nmelt five percent of that, we wind up with a
rock -- here this is the nodel rock -- that has a
positive niobium anonmaly -- very different fromthe
actual basalt that we find at the surface at Crater
Fl at .

So if we have hydrous phases, if we nelt
the peridotite that has hydrous phases, we cannot
produce the characteristic niobium and tantalum
depl eted trace el enment patterns that we see at Crater
Flat. And a pattern that is also very common in many
ot her continental basalts.

Now if we go to the second possibility
about nelting inthe lithospheric mantle, that we have
t hese hydrous material and mafic veins, nost of this
material we have to realize, as Bruce nentioned
earlier, that volcanismin this area has been ongoi ng
for a long tine, ever since about 12 mllion years
we' ve been producing first felsic volcanismand t hem
mafi ¢ vol canismin the Yucca Muntain area.

And nost of this vol canismhas a very
simlar isotopic signature. And | think that nost
peopl e woul d agree, at | east peopl e who believe in the
traditional nodel, that nost of this nelting has

occurred in the lithospheric mantl e.
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The first point 1'd like to nake is that
i f we have been nelting |ithospheric mantle for along
period of tinme and we have been nelting these hydrous
zones, then nost of this material has al ready been
nelted, nost of this material is already gone. So
there is probably very little left.

And what |'ve tried to do here is I've
shown these little dianonds. The white areas are the
hydrous material that basically has been nelted out.
W only have the little dianonds to nelt. Therefore,
inthe future, if you believe in this nodel, there is
very little additional nmagma to be produced.

Now even if we do nelt this material out,
we still have the problem that is probably very
hydr ous, contains hornblende and mca, so it is
probably not going to produce magnmas that will have
the right conposition.

So we have a very difficult problemhere.
This production of this negative niobium anomaly,
production of this high fuel-strength el enent di p that
we see in Crater Flat in the magmas is unlikely to
originate from nel ting lithospheric mant | e
composi tions.

Now t he problemis -- and this m ght be a

nore conplicated situation -- we don't really know
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exactly how we produce this chem cal signature. And
it is possible -- and this is sort of scary -- but it
is possible that this chem cal signature nay not be a
sinple reflection of the source.

So | think we have to be careful when we
ook at the traditional nodel because it is very
difficult to produce the Crater Fl at magmas by nel ting
a lithospheric mantle.

Now | et's take a | ook at the deep nelting
nodel. Melting a |ithospheric nmantle and nelting of
t he ast henospheric mantl e down in this area here bel ow
100 kil onmeters, the lithospheric mantl e does not nelt
according to this nodel

The nodel focuses on a |larger area
extending from Lunar Crater to Death Valley. And we
support the nodel by episodic patterns of vol canism
and also depth of nelting calculations. | have
references at the back of this talk that you can take
a look at later.

Now the area that I'minterested in --
and, again, this slide is dark -- is an area that
actually Bruce and WIIl Carr and several other people
suggested a long tinme ago and that is belt that
extends fromDeath Valley up to Lunar Crater. Yucca

Mountain area is right there. Here is Crater Flat.
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Here is the area that alnost everybody else is
focusi ng on.

It is interesting that the Death Vall ey
volcanic field is only about 20 kiloneters south of
t he aeronagneti c anomal i es they were tal king about in
the Amargosa Valley. And we don't really know t hat
much about this. W don't really have good dates down
inthis area. W don't have a | ot of good chenistry.
It is sonething we have to find out nore about in the
future.

Here, for exanple, is one of the cinder
cones, volcanic necks in Death Valley in the
Greenwat er Range. W don't really know how old this
feature is. It erupted -- lava fl ows have cascaded
down into the valley but we don't really know exactly
what is going on here yet. There has been sonme work
done but work was done back in the 1980s.

Okay, now what | want to do is | want to

first focus on this episodic volcanism And | want to

try to go through -- and sonme of you have seen this
before -- | want to try to go through a very quick
animation that wll show you the evolution of

vol canoes from Yucca Mouuntain to Lunar Crater. |
won't do Death Valley because we don't have a | ot of

dates down in Death Valley. W don't know what is
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happeni ng down here.

Now t he animation will have a bar on the
bottom | notice that it is operating a little bit
slowy today. | have no idea why. But a little bar

that will nove fromleft to right show ng you the age
range that we are tal king about.

So we'll start at 9.5. W're going to go
to 6.5. W have vol canoes here, 5.5, this is the
Lunar Crater, Reveille Range area. Here is the Yucca
Mountain area. Very little happening in this age
range here -- 2.5 to 1.5, activity down at Lunar
Crater but that is about it.

And then one mllion years, we have the
Crater Flat vol canoes bei ng produced -- sonme activity
up in the Reveille Range. And the nobst recent
activity, Sleeping Butte, which | think I mght have
to revise the dates on a little bit. So we produced
a very narrow chain of vol canoes. These are all the
vol canoes that we have dat ed.

And here they are col or-coded as to age.
And since you probably went through that very fast,
"1l try going through the ani mati on once again. But
in this case, I'll go through in ternms of the color
coding. Start at 9.5 and go up to .5. Here is the

earliest activity, yellow, 6.5, green, 5.5, 4.5, 3.5,
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2.5, 1.5, and the nost recent activity both at Lunar
Crater and down at Crater Flat.

Now | "Il summarize this in this bottom--
nunber of events versus age and this is nunber of
dated events. So in the Lunar Crater area, there are
a lot nore events that we haven't dated. So these
peaks will probably be higher in the Lunar Crater
ar ea.

But notice something very interesting
After about four mllion years, thereis areally nice
synchronous pattern between Crater Flat, that i s shown
in pink or whatever color that is, and Lunar Crater,
whi ch is shown in blue.

W have a peak here, a peak here. W have
a period of quiescence here. And another peak here.
Areally nice -- at least innmy mnd -- correspondence
in patterns going fromabout four nmllion years to the
present. Prior to that, the activities were
di sconnect ed.

Now one of the questions that you m ght
have is whether this pattern is common throughout the
Great Basin or whether it is focused just on this
belt. W' ve taken a | ook at two other areas,
sout hwestern Utah and the Coso Vol canic Field in

California. |'ve done a lot of work in the
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sout hwestern Utah Vol canic Fields so nbst of the
i nformation, nost of the dates are ny omn. So | know
that |1'mdating individual vol canoes.

The Coso Volcanic Field information is
information |I've got fromthe literature. And |I'm not
sure whether the dates are from separate cones or
multiple dates fromthe sane cone. But let me just
show you this.

Here is southwestern Utah. And see we
al so have an episodic pattern. But the peaks are at
different places. There is very little correspondence
bet ween sout hwestern U ah and the Crater Flat/Lunar
Crater Belt.

Now the Coso, there is a  Dbetter
correspondence between the two. But especially the
one that stands out is this four-mllion-year-old
peak. But the rest of it is -- we do have two peaks
here but there is not a very good correspondence. So
| put | ess enphasis on this one because |' mnot really
sure how many dates are fromthe same cone.

So | think that there is a nice
correspondence in ternms of patterns, very sinmlar
epi sodi ¢ patterns.

Now depth of nelting, I'll try to go

through this relatively quickly. This is based on
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over a thousand sanples that were done at UNLV and
al so isotopes at the University of Kansas. They

| ooked at basalts that are younger than about 8.5
mllion years old. And this work was published in the

Journal of Geophysical Research back in 2002.

Now we have produced nelting profiles
beneath volcanic center. The top of the nelting
profil es were based on sodi umcontents and t he bottons
of the nelting colums were based on FeQ iron
contents. And | won't go into the rationale of this.
| can answer questions later or the reference that |
gave you does provide the entire technique.

And we produced this very interesting
profile across the Great Basin fromthe Sierra Nevadas
to the Colorado Plateau. The purple is the crust.
The blue is the lithospheric mantle. And the green is
t he ast henospheric mantl e.

Now we have two different nodels for
lithospheric mantl e/ asthenospheric mantle boundary.
The bl ue i s a boundary fromJones at the University of
Col orado. He interprets a thicker lithospheric mantle
beneath Crater Flat and the Yucca Muntain area.
Zandt's 1995 nodel predicts a lithospheric mantle
t hi ckness at about 60 kil oneters.

Notice both of these nodels predict or
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show that the Ilithospheric mantle thins quite
dramatically as you go to the west. But these arrows
that 1'm showi ng here, these are the nelting col ums
that we cal cul ated. Opposite the arrows, the tips of
the arrows represent P. or the top of the nelting
colum. The bottom of the arrow represents PO, the
bottom of the nelting colum.

The t hi ckness of the nmelting columm or the
width of the nmelting colum is very inportant because
this indicates the volume of material that will be
produced during that event. Notice that the tops of
the nelting colum very nicely, at least | think so,
correspond to the lithospheric mantl e/ ast henospheric
mant | e boundary.

Melting is really deep in the Crater
Fl at/ Revei l | e/ Lunar Crater area. |t becones shal |l ower
as you goto the west. It becones shall ower as you go
to the east. |In general, nost of the nelting is
occurring in the asthenospheric mantle. Very little
in the lithospheric mantl e.

Now t he deep nelting nodel nust explain
several things. It nmust explain -- now | have to
mention this -- that in order to get this deep
nel ti ng, we need nmant| e t enper at ures about 200 degrees

hi gher than what you find, for exanple, in the western
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part of the Geat Basin, in this area right here
Tenperatures have to be about 200 degrees higher in
the mantle in this particul ar area.

So we have to explain the hotter mantle
tenperatures. W have to explain this very narrow
belt of volcanism And we have to explain the
epi sodic pattern. And even nore inportantly, we have
to explain why vol cani sm has been occurring in this
area, in this sane belt, for 11 mllion years.

W know we can get a chain of vol canoes
like we see in Hawaii. But why is vol canism occurring
in the sane place for such a long period of time? And
| just want to show you this belt again. It is a
pretty narrow belt going fromDeath Valley up to Lunar
Crater.

W don't get any Pliocene or Pleistocene,
or recent vol cani sm basaltic vol canismfromthis belt
until you reach Utah. And to the west, we don't get
any until we reach eastern California. So it is a
very narrow belt extending into the central G eat
Basin. It is an isolated belt.

Now we have to take a step back here and
take a | ook at the history of Nevada for the past 400
to 500 mllion years. One thing that we noticed, here

is the Lunar Crater/Crater Flat Belt right here.
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It is just to the east of the boundary
bet ween t he North Aneri can Crat on and younger accreted
terrains. That is this is the boundary of the stable
core of the North Anerican continent. And that
boundary goes just to the west of the Lunar
Crater/Crater Flat Belt.

Also notice there have been a | ot of
nmount ai n- bui | di ng epi sodes i n Nevada over the past 400
mllion years. The nost recent of those are the
Sevier Belt just to the weast of the Lunar
Crater/Crater Flat Belt and the Central Nevada Thrust
Belt which actually goes right through the area of the
Lunar Crater/Crater Flat Belt.

So there is anple opportunity for
t hi ckening of the |ithosphere during Pal eozoic and
Mesozoi c tectonic events and as | showed you in that
earlier cross section, we've had thinning of the
| ithosphere beneath the Sierra Nevada. And | think
t his has devel oped over this period of tinme a keel in
the mantl e |ithosphere.

So what |' mbasically saying here is that
we have to consider, and this is a very sinplistic
view, but consider the mantle lithosphere noving
t hrough the asthenosphere as a boat noves through

wat er. Wien a boat noves through water, it Kkicks up
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turbul ence. You devel op eddi es.

And t hese eddi es and turbul ence actually
nmove with the boat. You also have the wei ght
following the boat. And that weight follows the boat
as it noves.

So in a very cartoonish fashion, 1|'m
suggesting that lithospheric mantle -- here is the

west ern boundary of the North Anerican Craton. Here

is the thinning of the lithospheric mantle. |'m not
sure exactly where this occurs. |t depends on which
nodel you like to use. It could occur slightly to the
west of -- | believe this volcano is supposed to

represent Yucca Muwuntain and the Crater Flat
vol canoes. |'mnot exactly sure where this offset
occurs. W don't really know exactly.

But in the mantle, in the asthenospheric
mantl e, we have areas that are hotter than other
areas. And I'll show you sonme seism c topography
evi dence of this in the next slide.

The mantle of l|ithosphere is noving in
this direction here. It is kicking up mantl e eddi es.
You also have edge effect where asthenospheric
material is noving up along this boundary from high
pressure to | ow pressure.

Now one thing we have to do is we have to
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find sone way of getting these area of hot mantl e t hat
exist in the asthenosphere to nelt because they are
bel owt he sol i dus tenperatures, probably very close to
the solidus tenperatures. So one way we can get them
to nelt is to have theminteract with mantl e eddies.
And have them pulled up to | ower pressure.

And i f we nove magna fromhi gh pressure to
| ow pressure, we can nelt magna adi abatically. That
nmeans with no additional input of heat. So I'm
showi ng that happening right here. W have a mantle
eddy in a very cartoonish fashion noving this hot
mantl e up, partially nmelting it. And eventually
produci ng a volcano here in the Lunar Crater/Crater
Fl at Belt.

Now notice that this buttress is sort of
fixed in space with respect to the vol canoes in Yucca
Mountain. The eddies in the very sinplistic view are
nmoving with the plate. So any tinme we get an area of
hot mantle i ntersected, we may, we have the potenti al
of producing volcanic activity.

Once we reach an area of colder mantle,
even bringing it closer to the surface probably will
not be enough to cause it to nelt. So we get a period
of qui escence. You won't get another peak of vol canic

activity until we reach another area of hot mantle.
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Now do t hese areas of hot mantle actually
exist? And as Chuck said, we don't really have very
good seism c tonmography. And the seisn c tonography
we have is very |low resol ution

Ken Dueker at the University of Wom ng
produced this diagram several years ago. Basically
this is looking at relative P-wave velocities. The
red areas are areas of |ow P-wave velocities or areas
t hat m ght be hotter lithosphere or hotter
ast henospher e.

Now one of his sections, BB ' goes from
Wom ng down into southern California. It is shown
here in cross section.

And the red areas are areas of hot or
hotter mantle. The green and blue areas are areas of
colder mantle. Even in this low resolution seismc
t omographic inmage, you can see that the nmantle
lithosphere, we're going down to about 200 kil oneters
-- this first dash line is about 200 kiloneters. So
we're mainly interested in 200 kiloneters up to the
surface.

Notice we do have hot areas, red,
separated by col der areas, green. Another hot area,
cold area. The blue areas are the col der slabs. But

apparently t he ast henospheric mantleis thermally very
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i nhonogenous. There are a |l ot of areas that are
hotter than others.

And theoretically then, and this is
specul ation, if we had a good seism c tonographic
i mge of southern Nevada, if we knew the direction of
plate notion, if we knew where the next area of hot
mantle is, and if this nodel has any val ue, we could
predi ct when the next mmjor phase of activity or the

potential of the next major activity would be at Yucca

Mount ai n.

Now al so we have to realize that the shape
of the volcanic field -- if we're dealing with these
hot spots -- depends on the three di nensi onal geonetry

of the areas of hot asthenosphere. So if this is the
buttress right here and this is the area of hot
material, we'd start off by getting vol cani sm here.

As the buttress noves in this area here,
we'd start getting activity along the Crater
Fl at/Lunar Crater Chain or from the south to the
north. And this picture right here would mainly occur
in the north. Here it would mainly occur in the
north. But notice all of this activity is occurring
along this black line which represents the Crater
Fl at/ Lunar Crater Chain.

The vol une of material produced at any one
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time depends on the lengths of the nelting so it is
t heoretically possi bl e that we can get anot her epi sode
of high volune material erupted within this belt if,
in fact, we intersect a hot spot that has a three-
di mensi onal geonetry that m ght be suitable.

MEMBER HI NZE: Gene, pretty soon?

PROF. SM TH. Yes, okay. Let nme go back
to the conclusions here. [|'ll show this nodel |ater
i f anybody is interested.

Sotheinplications of this -- probability

studies, | think, should try to look at petrologic
nodel. If we ook at the traditional nodel, we
develop a certain picture for the future. If we | ook

at the deep nelting nodel, this produces anot her
potential scenario for the future.

W have to try to factor in petrologic
nodels. W can't ignore this. Wether you accept the
shal l ow nel ting nodel or the deep nelting nodel, you
know, is fine. But we have to understand these nodels
better. W have to know how these nodels work. W
can't ignore the petrology. W can't ignore the
geol ogy.

So t he basi c concl usi ons then, | guess t he
main point |I'm trying to leave you here, it 1is

i mportant to know why in order to determ ne when. And
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| think that is the nobst inportant point I'mtrying to
present. And | think probability studies are
dependent on the petrol ogi c nodel .

Thank you.

MEMBER HI NZE: Thanks very much, Gene.

Chuck, could we ask you to join Gene at
the front. And we have 15 minutes schedul ed for
guestions and conments.

"1l ask the Committee, starting with Dr.
c ark.

MEMBER CLARKE: | just had a quick
guestion for Professor Connor. Early in your
presentation you nmentioned, alnobst in passing, that
there was an inconsistency in the definitions of the
vol canic events. And that the white paper woul d need
to address that.

| wonder if you could be a little nore
speci fic about that?

PROF. CONNCR:  Sure.

And | don't nmean to inply that it is sone
error, oversight. It is a comon problem So, for
exanpl e, when -- Bruce will correct meif I'mwong --
but when he wote a paper in 1980 about probability of
vol cani smin the Yucca Mountain regi on, he was tal ki ng

about the probability that a volcano will form based
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on the distribution of past vol canoes.

And certainly in 1995 when Britt H Il and
| wote a paper, we were basing it on the distribution
of vol canoes. So that gave us probabilities, | think,
as a group on the order of one tines ten to the m nus
eight, sonmetinmes a little higher, sonetines a little
| oner. And no one thought those anal yses were
conpl et e.

Wien the first PVHA convened, | believe
they largely |ooked at the probability of vol canism
but tried to tack on a probability or sonehow account
for the dike as well at the end of that analysis. So
if you are not | ooking at probability of -- if you are
not defining the event, you can get a very different
probability out of the analysis is basically the
story.

So what | tried to do is in ny
presentation is tal k about the probability of dikes,
the probability of sills, and the probability of vents
and propagat e that definitionthroughout the anal ysis.

It becones nost critical when you are
calculating a spacial intensity based on the
di stribution of some event and then you are coupling
that to a sort of a consequence nodel of well, what

does the geonetry of the event | ook |ike. That
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definition has to be consistent.

And it is not always easy to do that with
the information in the literature because people
rarely do or say they are doing a conplete anal ysis.
So it is really quite inportant.

And | think it is fair to say in the
current PVHA, the plan is to phase that rnuch nore
carefully. | don't know -- | still wonder if it is
possi bl e to get ten vol canol ogi sts to agree on what we
are analyzing. But, you know, | nmean it can lead to
dramatic variations in the reported probability.

MEMBER CLARKE: Thank you.

MEMBER HI NZE: Further questions? Allen?
M ke? Ruth?

MEMBER VEINER: 1'd like to ask Dr. Connor
the same question | asked Dr. Crowe. How do you
incorporate realisminto your nodel? O don't you?

PROF. CONNOR Well, with the event
simulator -- that is the whole goal of the event
simulator is trying to incorporate realisminto the
nodel . So those event sinulators are ny geol ogic
i nterpretation of what t he Yucca Mount ai n regi on woul d
ook like if I could carve off the upper 500 neters of
alluviumand tuff. And | ook at the igneous intrusion

geonetry.
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And so that is based on a library of
vol cani c events that have been mapped. So in ny
opi nion, that's geologic realism

W can certainly argue i f the events woul d
be identical, if the trends would be the sanme, so on
and so forth. But the core issue is that the
libraries are actually based on geol ogi ¢ observati ons.
So that is nunmber one.

Nunber two, on spacial intensity, | choose
to present a very data-driven nodel, that is a node
that is quite sinple froma statistical perspective
but based on the distribution of past events in the
Yucca Mountain region. And then |look at the
uncertainty in that analysis.

And then nunber three, | agree with what
Gene said and Bruce said to a certain extent before
that which is we need to look carefully at the
geol ogi ¢ context of the recurrence rates we are using.

So if we track the devel opnent of nodel s
over 20 years, | would say nore geologic realismis in
t hose nodels. But, again, to get back to ny earlier
point that it would be really nice to have ot her
geophysical datatouse. And | find it very difficult
to reconcile the fact that our view of the mantle is

very |l ow resolution conpared to what it is in other
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parts of the world.

MEMBER HI NZE: Chuck, a brief question.
In the white paper, sills are nentioned. But they
aren't given nmuch attention.

You' ve t al ked about sills here today. And
Greg Valentine and his coll eagues have shown us at
Pauite Ridge the inportance and the occurrence of
sills. You calculated sone probabilities with sills.
And | notice that they were up in the ten to the m nus
ninth range, something |ike that.

Can you tell us a little bit nore about
your thoughts about sills at Yucca Mountain? W have
not seen any. O course, there are problenms in seeing
them too. But we haven't seen them Are they
likely? Wiy is the probability down there in the ten
to the mnus ninth range?

PROF. CONNOR: Well, that is a good
guestion. First of all, | want to raise the caveat
that ny analysis, as | stated, didn't include the
effects of the repository itself. So, for exanple, if
sill devel opnent is nore |ikely because the repository
is there, that is not included in the anal ysis.

It 1ooks to me like the interpretation of
the drilling results from aeromagnetic anomaly A

indicate that that is a sill. And if | recall
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correctly, it is something |ike 60 nmeters thick. So
it is perhaps better referred to as a sill conplex or
something like that. And | haven't seen any update
about that since the original drilling results were
reported. But that's one.

Wher e we have exposure to the east of the
site in the Pauite R dge, there are lots of sills
associated with that vent and di ke conplex. And, in
fact, where these things are exposed worldw de, it
doesn't seemlike sills are particularly lacking in
abundance.

Nevertheless, inthis initial analysis, |
assigned a nmuch |ower probability to sill formation
based on the relationship between known sills in the
Yucca Mountain region and the total nunber of igneous
events. But it is fairly poorly constrained.

MEMBER HI NZE: Anot her very detail ed
guestion. You nmentioned that your nunbers were not to
be taken too seriously at this point. What about the
patterns? Are the patterns significant?

PROF. CONNOR: Onh, yes. | think that it
is -- again, | don't want to put too nuch enphasis on
one analysis. There are a |lot of people working on
this kind of problem But, you know, the patterns of

volcanism | think, have persisted even in the
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literature over a fairly long period of tinme. So |
don't think the patterns are going to be too
different.

For exanple, a significant source of
uncertainty is that Yucca Mountain is |ocated at the
edge of this active basaltic volcanic field. Now, you
know, you can do a cluster analysis and say well
based on the cluster analysis, it is essentially part
of the field. O, you know, so on and so forth.

But the fact is it is at the edge. So
that | eads to sone uncertainty in probabilities as an
exanple. And that persists through all the anal yses.

MEMBER HINZE: | wanted to make certain
that got on the record so that the probability -- |

nmean the pattern was realistic or as good as we can

do.

Dr. Melson?

DR MELSON: | was interested in Gene's
presentation but | really think we have people here

who i f they want a comrent on that, Greg Val entine has
done a | ot nore work certainly than | have about this.
So if we could, if they want to say sonmething at this
point? O 1'Il go ahead with nmy question. |If they
want to. |Is that appropriate or not?

MEMBER HI NZE: Wl |, we'd be happy to have
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guestions if Geg or his colleagues wish to ask a
guestion. Not at this point.

DR. MELSON: Ckay. Well, | just have a
couple of things. This correlation you have of the
activity in Lunar Crater and Yucca Mouuntain areas is,
| assune, statistically significant. W have so few
points there. | nean it looks like it is significant
to me just on inspection.

Have you tested the significance of those
peaks? O how sensitive they are. |f you add anot her
peak randomy are they going to disappear? O have
you done a statistical test of that correlation?

PROF. SMTH No, | haven't done any
statistical analysis at all.

DR. MELSON. Because it is areally
suggestive correl ation.

PROF. SMTH. | nmean visually it is very
suggestive. W're adding additional data. W are
doing nore dating at Lunar Crater and Reveille. And
hopefully we will add additional data because we only
have about 60 percent of the vents in Lunar Crater and
Reveille dated. And the plot that I showed you is
j ust dated vol canoes.

And | try not to guess at the ages of

vol canoes. Sonetimes you can do that by saying this
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i s geonorphically very sim | ar to anot her vol cano t hat
is one mllion years but | tried not to do that on
that plot. | only plotted vol canoes that we had good
argon-argon dates on.

But no, | have not done any statistical
anal ysi s.

DR. MELSON:. Just a real quick question,
too. Assuning the asthenosphere and the |ithosphere
are noving relative to each other -- assum ng that
which normally is how we -- when we look at plate
tectoni cs, we have, you know, |ithosphere and we have
t he asthenosphere. And there is a relative notion.

And that relative notion can create, you
know, disruptive distributions. |n other words, nmaybe
it is going to be east-west where as ours are north-
south. Have you considered relative notion between
the asthenosphere and the lithosphere in your
geonetric considerations of where these vents are
falling?

PROF. SMTH. No, at the present tinme, ny
analysis is very cartooni sh because we don't really
know t he geonetry of this buttress.

We don't even know, based on whi ch node
we use, whether we use the Zandt nodel or we will use

another nodel, the Jones npdel. W're not sure
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whet her the buttress is located to the east or the
west of the Yucca Muntain area. W are not sure
whet her its three-di mensional orientationis. So it
is too early to actually do what you suggest.

| think, again, | have to enphasize a
point that Chuck made is it is something we really
need in order to evaluate this nodel is we really need
some better seismc tonography. W need to know what
the mantle is like. And as far as | know the new
geosphere project -- EarthScope project is going to
get that infornmation.

So we have to find sone way. | know it
m ght be inpossible. [|I'mnot sure but we have to find
some way to get the infornmati on so we can see what the
mantle is |ike because in ny view, the mantle is very
i mportant in producing the patterns that we see and in
ternms of explaining why vol canismis occurring where
it is.

And | think it isreally inportant to h ve
better geophysical data, especially for the mantle.
| nmean right now, we are not even certain what the
thickness of the lithosphere is beneath Yucca
Mount ai n.

Again, |'ve heard nodels, |'ve heard -- at

the | ast PVHA-U neeting, the 60 kil onmeters was thrown
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around. 1've also heard estinates as weep as 100
kil oneters.

There is a lot we don't know. And a |ot
that we should know before we cone up with a fina
assessnent of nodel.

MEMBER HI NZE: | think we have a conment
on this topic fromFrank Perry fromthe DOE. Frank?

MR. PERRY: Since Bill invited this, I'm
Frank Perry from the LANL. And | would like to
comment on an aspect of this nodel.

There are two rebuttal s to this nodel that
l've witten. One is in a framework AVR.  And the
other is in an EOs article that dealt with the
aeromag and drilling data. So | just want to get that
on the records that there are sone witten rebuttals
t hat people can | ook at.

But 1'd like to make one comrent just on
Gene's presentation. W' ve done a |lot of work on
these mantle reservoirs. But | don't want to talk
about that. |1'd just like to point out different
patterns of volcanism between |unar and the Yucca
Mount ai n regi on, Gene showed the simlarity in the
timng of the episodes.

But what | think was a little m sl eading

about that plot, that only showed t he dat ed vol canoes.
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So there is actually very few dated of the total
popul ations up at Lunar Crater. So the height of the
peaks at any particular age |ooks simlar for Lunar
Crater and the Yucca Mountain regi on which could | ead
one to believe that the recurrence rate is fairly
simlar.

And one of his conclusions was that it is
possible to goto a place in the geol ogic future where
the recurrence rate will drastically increase in the
Yucca Mountain region. So | want to point out that in
those two episodes since six mllion years ago, you
know, 6 to 4.5 and then the Quaternary, in both of
t hose cases, the recurrence rate was ruch higher in
Reveill e and Lunar.

In the Quaternary, for exanple, there is
anywhere from60 to 80 scoria cones conpared to ei ght
inthe Yucca Mountain region. So it is about an order
of magni tude difference.

So in my opinion, there's no actual
vol canol ogi cal evidence any tine in the last five
mllion years that the Yucca Muntain region has
reached the rate of activity that you see at Lunar
Crater. And no evidence why you woul d expect that in
the future given the last five mllion years.

MEMBER HI NZE: Thank you very much, Frank.
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|"mafraid our time for discussion is up.
And we have, obviously, nore questions and nore
concerns that need to be addressed to this. And we
can pick those up later in the day. So please retain
your questions.

And we wi Il nmove on then to a presentation
on probabilistic volcanic hazard analysis by none
other than Dr. Kevin Coppersnmth, who has been the
| ead for PVHA and the update that is currently going
on as well as in many ot her areas.

Wth that, Kevin, we are pleased to have
you here and we are anxious to hear your conments.

DR. COPPERSM TH:  Thank you. Can you hear
me okay? Am | anplified?

(Wher eupon, the proceeding went off the
record at 11:39 a.m and went back on the record at
11: 41 a.m)

OVERVI EW OF METHODOLOG ES | N PROBABI LI STI C VOLCANI C

HAZARD ASSESSMVENT AND APPLI CATI ON AT YUCCA MOUNTAI N

CHAI RMAN RYAN:. Let's cone to order,
pl ease. Now for something conpletely different. W
have heard a | ot about probabilistic vol canic hazard
analysis and so on in terns of real vol canoes, real
data, and di scussi ons about how t he nodel s work, what

key conponents of the nodels are. |'mgoing to change
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gears and talk conpletely about process, about
nmet hodol ogy, about ways of eliciting expert judgnent
to quantify the assessnments that you heard sonet hing
about on the previous talks.

This goes beyond, of course, volcanic
hazards. [|'Il talk alittle bit. | want to get a
history, get into where we are on this and seismc
hazard and sonme other areas, and give a feel for the
history of this activity, -- a formal structured
expert elicitation started in earnest back in the
early '80s for purposes of NRC-regul ated facilities,
| would say -- and talk a bit about how we got to
where we are now, tal k about what we did for PVHA-96
and what we're doing now on PVHA updat e.

| did want to nake a point for those of us
who are interested in this concept of earthquake
vol canic forecasting. | heard | ast night a discussion
of a forecast of what the weather conditions will be
like for the coomute this afternoon. They said it
could be snow, it could be rain, it mght be sleet, we
m ght have frozen rain. And, finally, she said, "It's
going to be very difficult to forecast this. And
think tonmorrow you're going to have to watch our
nowcast. W'Il have a nowcast that you can get on

that will tell you exactly what is going on right
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now.

(Laughter.)

CHAI RMVAN RYAN: It seens to nme you could
| ook out your wi ndow and get your own nowcast. But
it's something to think about as we go forward in the
face of significant uncertainty. W'IlIl try to avoid
t he nowcast .

VWhat | will go through is, first of all,
the summary of the evolution of formal expert
elicitation nethodologies. | speak for a very |arge
group of people who aren't in this roomwho have
hel ped devel op these mnet hodol ogi es t hrough tine.

Many of themhave been associated with the
Nucl ear Regul atory Comm ssion, who has been invol ved
in these types of studies for nmany years, nostly
related to reactor regulation and to safety anal yses
for probabilistic risk analysis through the years,
deci si on anal ysts who are involved in devel oping the
process of gathering expert judgnent and in
aggregating nultiple expert judgnent, as we have in
this process.

And for many subject matter experts, like
nmysel f, who have to span different sciences and to
learn the termnology, the difference between a

neodym um ratio and the B-value sonetines can be
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difficult to relate, the issues of uncertainty,
t hough, and the | essons |learned, what | want to talk
about and what type of sol utions have we devel oped for
the last 10 or 20 years that we can take advant age of
and we have tried to take advantage of in exercising
this for the probabilistic volcanic hazard anal ysis
for Yucca Muntain.

There is a comon set of essential steps
now t hat we would all say need to be followed in this
type of assessnment. | wll summarize those; quickly
go through the basic el enents of a PVHA;, summari ze and
focus on the PVHA-96, which will be the |icensing
basis for the licensing application; and review the
nmet hodol ogy that is being used; and put the PVHA
update, which will support |icense review

Let ne step back. Bill H nze is here. So
he can correct ne when | am wong on sonme of these
issues. | want to talk about two |arge expert
elicitations that were conducted in the md 1980s.

One of those was sponsored by t he Nucl ear
Regul at ory Commi ssion. The other was sponsored by the
El ectric Power Research Institute. And the goal of
these studies was to develop estimates  of
probabi |l i stic seisnm c hazard at the power plants east

of the Rocky Mountains. So at that point | think NRC
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was | ooking at 69 sites.

EPRI ended up | ooking at a fewnore. And,
again, the issue was to develop an idea of the
probability of exceedi ng the safe shutdown eart hquake
ground notions at these sites, which have been
devel oped |l argely determ nistically.

And there were large i ssues related to the
Charl eston earthquake in 1886, whether or not that
could occur elsewhere. Could Charleston break its
chai ns, they say, and go on to ravage the rest of the
eastern U S.? Are there tectonic and ot her
identifiers that allow us to say that hazard in one
part of the Northeast, for exanple, is different than
you mght expect in the Mdwest or in Florida and
other locations? These basic issues led to the
devel opnent of these two studies that were done
largely in parall el

I'm only going to talk about the
net hodol ogy conponents to these. They differed in
many ways. The data dissem nation process was quite
different one study to the other. One assuned that
experts -- they both gathered panels of experts. One
study assuned that experts were able to develop their
own data and bring that to bear. Ohers tried to

suppl ement the data that experts might have and to
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di ssem nate that information to them

The EPRI study used expert teans for
characterizing sources. The Livernore -- we'll cal
it Livernore-NRC study -- used individual experts.

There were differences in how nuch the
experts were allowed to interact. There was a thought
at that time that in an expert elicitation process,
experts should not interact; in fact, they should be
as i ndependent as possi bl e.

O her differences -- and | could go into
a lot of detail -- in the way that experts were
aggregat ed, one study said the experts should remain
anonynous. They were identified only by nunber. The
other had them identified by person. And the
aggregation nmethodology was one that was either
nmechani cal or behavi oral in going through the process.

Vell, the net effect of having two
different studies also and two different approaches
led to different nean hazard at many of the power
pl ant sites.

The medi an hazard, the results of these
types of hazard studies are usually couched in terns
of a seismic hazard curve. It relates the ground
notion, let's say, a particular ground notion

paranmeter, a peak acceleration versus an annual
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probability of exceeding that. And that hazard curve
can be used directly in subsequent analyses of risk
and so on.

What we saw is that the nean hazard curve
was quite different at several sites. And that
di fference was troubling. The nedians, as | said,
were simlar. The nmean, as you know, is largely a
function of uncertainty. So, as we see in the skewed
| og-normal distributions and probabilistic hazard,
bot h vol cani c and seismc, the neans can be, in fact,
often at a very high percentile and very different
fromthe medi an estimate.

The detailed sort of analysis of this
which we' || foreshadowto a study in a mnute, really
show that, in fact, the differences were largely due
to process followed, the nethodol ogy, as opposed to
f undanent al di ff erences in t he eart hquake
identification process, the seismc sources, the
assessment of ground notion, and so on, that that
process difference led to a significant difference in
nmean hazard. That is troubling.

So what is needed, then, is a set of
rules, if youw ll, or approaches that can be commonly
consi dered as consensus rules for how these types of

st udi es should be done so that we could do it all one
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way and |look at the results and try to quantify the
uncertainties that come out of the agreed-upon
net hodol ogy as a way to proceed.

So that's what this study, the so-called
SSHAC study -- it's a Senior Seismc Hazard Anal ysis
Commttee -- was put together as a group that was
sponsored by EPRI, NRC, and DOE. All had the common
goal of comi ng up with nethodol ogi es for dealing with
uncertainties and for dealing with expert judgnment in
a consistent manner that would lead to nore stable
results in the future.

Sonme of the problens that were identified
by SSHAC in going through this process in these
earlier studies, this wasn't necessarily attributedto
either of the studies, but it was a general series of
problenms. It was overly diffused responsibility.

Experts conme in. They make assessnents.

And they l|eave. Do they own the results of that

study? Do they say later on that they, in fact, nade

t hese assessnents? Do they own the assessnments nmade
by others on the panel? Ws it a consensus? Ws it
consensus-driven or forced? Did it have to happen?
Did they sign the results, things like that?

I nsufficient face-to-face interaction.

turns out in these fields, seismc, hazard, | would
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say vol canic, and many others, they are large. |f you
take the whole community that knows sonething about
this problem it's small.

And the issue of independence is one
that's nmpoot. The chances of keeping or having a
series of independent experts on atopic like thisis,
nunber one, it can't be done. Nunber two, its'
counterproductive. The interaction, the natural
interaction, that scientists, earth scientists haveis
a positive influence on the process.

Now, there are other areas -- and this is
an area of quite a bit of discussion now in things
i ke global climte change and so on, where there is
a large group of experts inthe field. And they would
i ke to sel ect sub-sanpl es of those experts to see how
consi stent their assessnents are.

But inthis type of field, in fact, we all
go to the sane neetings. W interact on a regul ar
basis. And we chall enge and defend each other. And
t hat process i s sonmething that shoul d be encouraged in
t hese types of assessnents.

Many ot her areas here. The issue of
outlier experts was one that was very difficult. The
Li vermore study had one expert in ground notion

attenuation who the rest of the distributi on was over
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here, all the other experts, and he lay well out in
this side.

Agai n, because t hey wer e anonynous and not
defi ned by nanme, no one knew who this person was, but
he had a distribution on uncertainty that was tight,
narrow, and way out of the rest of the group.

And that issue of an outlier expert |
remenber caused quite a bit of difference. | renenber
Harry Seed at that time saying, "There's a very snal
di fference between an outlier expert and an outright
liar."

(Laughter.)

CHAI RMAN RYAN:  Feedback is al so sonet hi ng
that's very inportant. W'IlIl talk nore about that.
Oten experts do not realize the inplications of their
assessnments. |If you're dealing with things piece by
piece, if you don't put themtogether and show when |
put together this A value and this B value in this
recurrence plot, | get these results.

And we found, for exanple, sone of that
f eedback showed t hat experts were predicting nagnitude
five earthquakes woul d occur in this area every ot her
week with this conbination of A and B values, with
their uncertainties. So feedback is a very inportant

conponent .
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Finally, just sone key aspects of the
SSHAC group that came out after arguing for two and a
hal f years. One of the key things that we could agree
on is that all probabilistic hazard analyses,
including a PVHA, should attenpt to represent the
center, the body, and the range of technica
interpretations of the larger infornmed technical
comunity that they would have had if they had
conducted the study.

Vell, it's not saying that you need to
bring people in and you bring in 8 sanples from a
group of 100. You need to nake sure you have
carefully selected sanples. |In fact, nmenbers of that
expert panel need to think about and try to represent
the full range of views. And that was a different
view of expert elicitation fromthe classic balls in
an urn-type approach to sel ecting a subset of a | arger
popul ati on.

That neans that they need to know what
everyone else in the community thinks. They need to
study alternative views. They need to know the
difference between Frank Perry's nodel of Lunar
Crater, Crater Flat, and Gene Smith's nodel. They
need to be exposed to those, understand the range of

i nterpretation.
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| understand that's one of the goals of
your draft paper, is did we include the range of
interpretation. So this is something that, in fact,
SSHAC is saying needs to be |ooked at. Not all
experts are going to agree wth the range of
assessnments. It needs to be sonmething that's put in
front of them

It's not a typical expert elicitation
issue. |In other words, it's not something where the
value is either known and it's just a series of
experts are trying to quantify the uncertainty. In
fact, our problem is one that requires a |lot of
| earning and interaction and nodel buil ding.

W don't bring in people and in a day ask
them for their assessment. They actually have to
construct nodels and do work and | earn al ong t he way.
That's very different froma deci sion anal ysi s vi ew of
expert elicitation.

A couple of other things that are
important that cane out. This view of the |arger
techni cal conmunity obviously has to be hypothetical
because the | arger informed community neans that they
woul d have had to have gone through the sane process
t hat our experts spent two years on coning up to speed

on all of the local Yucca Mwuntain data and so on to
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be able to nake these assessnents. But we do nake a
di stinction between eval uators and proponents. And
this is very inportant to the assessnent.

Atypical process of science, particularly

the earth science, is one of having proponents nmake

their views known. | know that Gene will go to a GSA
neeting and present this nodel. And they will say
this is still a cartoon characterization.

But here is why. Here is the data. Here

is the nodel. Here are ny results. And we then have
di scussion. And that will have challenge, will have
debate. It may be public. It may be at lunch. It

may be sonething that happens through a period of
witten responses to peer-reviewed journal reviews.
It may be one that occurs in a private forum

But that process of having a proponent
present a vi ew and peopl e to understand and to devel op
their own views based on that is what we tried to use
in this process.

So we bring in proponents and have them
present their views. And we know that they are
different. And we have liked to identify the
di fferences.

But the nenbers of the panel have to be

eval uators. They have to evaluate the credibility of
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t hose hypot heses and t hose nodel s relative to the data
t hey have avail abl e.

And so we will hear what Gene has to say.
And we have heard what Frank has to say. And people
like Chuck and Bruce have to eval uate those
hypot heses.

This i s much nore work than goes typically
into an expert elicitation. |In expert elicitation,
the guy usually has to get ready, reads about the
agenda on the way in the plane, and then sits down.
And you elicit his judgnment. This requires -- and
they will attest to this -- requires nuch nore work.

So to eval uat e t he hypot hesi s, to consi der
conceptual nodel uncertainty, as Bruce said, is avery
i nportant part of the total uncertainty.

Let ne step through a couple of other
i ssues on SSHAC. And then I'Il nove forward. There
isarole that I have been able to play in a coupl e of
assessnents like this called a technical facilitator
i nt egrator.

Facilitator is obvious. You have to herd
cats. You have to get through agendas. You have to
make sure topics are covered. But integrator is also
an inportant part of this.

As you saw before, sone of the problens
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with previous studies had to do with aggregation
nmet hodol ogy. Did you start out at the beginning and
say how you're going to aggregate across this panel?
s it equal weights? Are you going to use a
behavi oral schene, a nechani cal schenme? How will you
do it?

And SSHAC recomrends that, in fact, a goal
of these studies should be equal weights, but you do
have this issue of the outlier expert. You need to be
sure that that outlier has considered the broad range
of views in the technical comunity.

You need to have an opportunity to, in
fact -- let's say that expert who is out here is one
of five. Right now he's giving 20 percent weight in
an equal weighting aggregating nmethodol ogy. |Is that
appropriate relative to the community?

You have the larger community there and
100 people. You know, would you have 20 peopl e who
woul d agree with this view? |f not, the TFl is able
to actually apply differential weights to allow for
t hat .

So this conmponent of the integrated role
of the TFI is sonething that was the nost
controversi al aspect of the SSHAC di scussi on, the fact

that, in fact, experts, individual experts, can be
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gi ven di fferent wei ghts dependi ng on a set of criteria
is sonmething that 1is worked into the plan.
Fortunately, we have not had to do anyt hi ng ot her than
equal wei ghts because that has been our goal.

A couple of things | just want to say on
the steps in elicitation. | wll show a couple of
exanples just to show that, in fact, now the basic
steps in a structured expert elicitation are about the
sane.

| f we go back to these studi es back in the
early '90s, they set up the concept. W need to have
an explicit process for selecting the experts,
organi zi ng t he assessnments, decidi ng what exactly you
are going to be eliciting very specifically if you
can, preparing. This has to do with training of the
experts, cognitive training. There's probability
training as well as the technical process and the
expert judgment docunent ed.

This is the sinple sort of set, mninmm
set. And then the NRC cane out with its branch
techni cal position on expert elicitation. This was
bei ng done about the sane tine that the PVHA-96 was
done. And we feel in looking at this now that we're
consistent with all the -- certainly with the spirit

of this branch technical position, if not all of the
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det ail .

But this lays out in better order and nore
detail this concept of working from objectives, to
selection, to the issues, to getting infornmation to
experts, training, elicitation, feedback. W talked
about how inmportant that is and aggregati on.

This is the process that was followed in
PVHA-96. Jack basically has the sane. W call them
t he seven points of light. That's basically the sane
steps. PVHA-96, you can |look at it, the sane type of
process of working your way t hrough fromthe sel ection
to the data; in this case, workshops, a series of
wor kshops that woul d i ntroduce themto particul ar data
sets, either in the field or in a workshop
envi ronnent , bring in proponent experts; then
training, elicitation; feedback; and finalization of
t he process.

| would say in the PVHA update, we're
usi ng the sane basic process. |It's one that now woul d
be the m nimumset of steps that are required to carry
out an expert elicitation.

A couple of things that are also
important. The NRC branch technical position on
expert elicitation says, "Wen do you do t hese expert

elicitations?" W had sone discussion today about we
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have reached a poi nt where the uncertainties -- maybe
t hey have been narrowed as much as they are, but the
next speaker says, "But they're huge."

What are the criteria that would say we
should proceed with a formal structured expert
elicitation? |If there are sponsors in the room
people like Eric Sm stad, and ot hers who have to pay
for these, it's a big decision. These take a |ot of
time, and they cost a | ot of noney.

And typically thecriterialook likethis.
Enpirical data are not reasonably obtai nable. W
can't go out and gather data and answer this question
directly.

The uncertainties are | ar ge and
significant. This is very inportant. Oten we can
argue that, "GCGeez, the wuncertainties in certain
aspects of TSPA are very large but not significant to
per haps the post-closure conpliance case."

The one conceptual nodel can explain
things. As we will see and di scuss today and
tomorrow, we have nultiple conceptual nodels. And
technical judgnments are required to assess bounding
assunption cal cul ati ons.

Wll, we started with that back in the

early '80s, sone boundi ng consi derations on this, and
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found that, in fact, it's not a proper way to treat
vol cani ¢ hazards. So, rather than just neet one of
these, we neet virtually all of them | would argue.
And that's the reason we went forward with this in the
first place.

|"ve got to say, you know, PVHA-96 was
published in '96. These criteria came out in '96.
But | know Janet Kotra and Nor mEi senberg attended our
wor kshops. And we had interactions with them al ong
t he way, too.

Jack says basically the sane thing. 1'Il
et you take a look at that. | would agree with
everyone that therisk triplet, we're covering two out
of three of those things today.

| do want to point out that the issue of
what can occur and the tieing, the |inkage of igneous
event definition, either dikes or eruptions, to
recurrence and to spatial nodels is a key aspect.

It's well-recognized. No one should
think, in fact, DOE hasn't gotten the nessage that
that linkage is inportant. | think John Trapp was
saying that about 12 years ago. So we've got that
nessage. And that is sonmething that is being
consi dered very cl osely.

Agai n, these are the basic el enents | want
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to nove in. A couple of things that | do want to
mention, we haven't had a | ot of di scussion about the
variability, aleatory wvariability and epistemc
uncertainty.

| want to just point that out, that in
t hese assessnments, we are trying to nake a separation
of these two to the extent that we can. Aleatory
variability 1is random variations that are not
reducible. |If we say, for exanple, "At this l|ocation,
what do you expect the distribution of dike azimuths
over the" -- if you had 1,000 dikes, what would be
that distribution?

| f you' re uncertain about it only but it

will have a single orientation, then it will end up
bei ng a single nunber over 1,000 sinulations. |If, in
fact, it varies, truly varies, and you night have
uncertainty as well, but if it truly varies, that is

variability. And that is aleatory. And we don't
expect it to be reduced.

So sone of the discussions that we have
had and separati ons when we do feedback and | ook at
sensitivity, the issue of aleatory variability, which
is not reducible, and epistenm c uncertainty, which
potentially is, will be inportant.

We're always going to be hearing from
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Chuck and Bruce and ot hers that we shoul d have drill ed
nore. | nean, they're responsible for quantifying
uncertainty. Wy wouldn't they want uncertainties to
be reduced? But the issue is, how rmuch further would
they be reduced? And how significant woul d those
reducti ons be? And how nuch would they cost? | nean,
| don't have to worry about that, but |I knowthat that
is what goes into these assessnents.

Now, epistem c uncertainty is reducible.
And t he question of whether or not it's reduci ble and
inacost-beneficial way i s val uabl e i s sonet hi ng t hat
we' |l have to | ook at when we have the results. W
can do value of information studies and other things
to look at the potential benefit of reducing
uncertainty. But for variability, it sinply is not
going to be reduced. It is what nature gives us. And
we have to live with it.

| won't even go intothe tools. There are
all types of tools that we use for quantifying
uncertainty. They have all been fairly well-devel oped
now for this type of application. | do want to | ook
alittle bit at the PVHA-96.

| know we gave a summary to the ACNW two
sunmari es back, in '96 after this was over. | think,

Bruce, you m ght have been there. There's a couple
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who were there at that time. And we went through the
process at that tine of what we did, how we covered
it, and what the results were.

The product -- let's be clear. It's a
probability distribution, the annual frequency of
i ntersection of assaulted di ke repository footprint.
Soit was a dike. W used a dike. And it was sinple.
And it had an orientation. It had a length. And
because of the place where it was centered, if it was
| ong enough and oriented properly, it would intersect
the repository footprint.

If it certainly started directly beneath
the repository, it would intersect. |If it was sone
di stance away, it would be a function of azinmuth and
di ke length. And that was it. That was the focus of
t hat assessnment, was that type of event definition.

Here is all of the attributes. | just
want to showthis again to show you a coupl e of things
to talk about all of them One of themis the
sel ection of the expert panel to start with, just an
exanpl e of sonme feedback that was given to t he experts
to give theman idea of their assessnents.

The first is this expert selection. How
did we cone up with this pool of candi dates or howdid

we go through a process that got us to ten candi dat es,
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PVHA- 967

First, we had a pool of candi dates that
was established by sending letters to acknow edged
| eaders in the field. | think that |arger pool was
70-sone potential candi dates.

W then went through a set of selection
criteria that are of the usual kind with a coupl e of
exceptions. | want to tal k about those, recognized
conpetence in the field, tangible evidence of
expertise t hr ough publ i cati ons and o) on
understanding of the problem area, both wth
experience, both in the great base or other
ext ensi onal environnents.

This one, availability and willingness to
partici pate as a panel nenber, including a conmtnent
to devoting the necessary tinme and effort, willingness
to explain and defend technical positions, is an
i nportant one. You wouldn't think so, but it turns
out it is.

The people you get, the people of the
cali ber of these gentlenmen over here, are very busy
and have many things to do. And they can barely
tolerate their existing schedules. Wen they, you
know, are able to overcone the resistance to

participate in this type of project, when they say,
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"Yes," then you need to turn around and say, "W need
your commtment to this, all the workshops, all the
wor k. "

And we did end up losing a couple of
nmenbers of the panel this year in the update, one who
decided to take retirement seriously and to spend nore
time on his lake in Wom ng; and the other, who was
sinply over-comm tted and coul d not devote the tine to
this. On nutual agreenent, these are the criteria for
both selection as well as continued participation
And they had to separate fromthe panel.

The issues that related to persona
skills, comunication, interpersonal, are sinply
because a big part of this process is interaction
It's discussion. |It's a process of not just sitting
there but basically saying, "Here are ny ideas. And
here is why | think this uncertainty expression is
better than yours"” or "This is what you have | eft out
i n your discussion." That type of process, of course,
it needs to be noderated and facilitated, is a
val uabl e part of the |earning experience.

Let ne goto -- this was our panel at that
time. Two nmenbers have passed away, unfortunately.
It was a very strong group, very lively, contentious

group on the outcrop, | found.
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In fact, in other studies on seismc
hazard and sonme international work, | always explain
to them what goes on when you get a group of
vol canol ogists together and try to deal wth
pol ycyclic and nonogenetic on the face of a cinder
cone. And everyone in the world enjoys that
di scussi on because they |ook at these contentious
vol canol ogi sts. But, in fact, it's the way they are.

They're used to that type of argunent.

Sonme of the inportant aspects here -- and
they are still the sane as we go through this -- are
t he tenmporal nodel s and spatial nodels. In both cases
now in terms of this update, we'll have a little bit

nore on the nom nal honbgeneous nodels. W talked a
little bit about clustering and so on.

These basi c el ements have becone fixtures
in the PVHA process as we go through. And | think
these are the types of assessnents that we had in '96
and we'll have in this update. The way this is
structured is we go through a process of elicitation,
formal interviews.

W t hen take those prelimnary nodels and
run themthrough the whol e cal culation, not only the
calculation, final calculation, hazard, the interim

cal cul ati ons of recurrence, spatial, intensities, and
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so on, and feed that back to them in a feedback
wor kshop. In fact, we have one coming up on May 10th
and 11th if people want to put on their cal endar for

t he update. That is always the nost spirited and nost
enj oyabl e type of discussion.

Her e are just some exanpl es of
alternative. These are four experts, alternative
source nodels. At that tinme people enjoyed the
concept of separating spatial regions that m ght have
one set of recurrence characteristics from adj oi ni ng
regions with a different set.

The fact that the Yucca Muntain bl ock
repository footprint was different at that tine is not
in one of these zones sinply due to the fact that it's
in anot her zone, none of the experts said that the
probability of future vol canismat Yucca Muwuntain is
zero. In fact, it's sinply a process of identifying
spatial variations and intensity of future events.

And that is a spatial part of this
problem The exact nunbers in terms of the rate in
this place versus that place is a tenporal part of the
problem It's very simlar to seismc hazard
anal ysi s.

Those were source zone-type nodels. This

was a nodel that one expert has that says that fields
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should have a bi-Gaussian shape and they fit
paranmeters to the events that woul d exist in this case
in the Yucca Muntain area.

QO hers, this was a new approach. W had
a young upstart kid come in fromthe center and give
us a discussion of this, sonme Chuck Connor guy. It
turns out this has now becone very strongly endorsed
by menbers of the not only -- | don't know if you
realize in the seisnological comunity, all of our
nati onal hazard maps now use spatial snobothing. |It's
now vi ewed as sort of neasure of spatial stationarity.

Qur degree of belief that the pattern of
past events, either earthquakes or vol canoes, tells us
about the future pattern is a function l|argely of
el enents of this nodel. Snoothing di stance and ot her
conmponents are quantitative expressi ons of your degree
of belief in those nodels. |It's very appropriate.

The types of approaches that were used in
96 are largely logic trees for uncertainty,
guantification. So for a given assessnent in the
nodel , there are alternatives. And those alternatives
are weighted, discrete alternatives. They can be
continuous. W had continuous PDS or discrete val ues
dependi ng on what the expert |ikes to use.

The advantage of the logic tree is it
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allows you to have alternative conceptual nodels as
well. W say, "Ckay. |I'mgoing to believe this node
with this weight and that nodel with that wei ght and
that nodel with that wei ght and not choose one but
incorporate themall and then to be able to go back
and | ook at the inpact of those conceptual nobdels on
the final results.” That is | think inportant of the
comment s t hat Bruce Crowe nade about the i nportance of
concept ual nodel s.

Exanpl es of sensitivity. W nmight say for
different -- here's a case where all the events here
this expert is showing are the dark triangles. The
snoot hi ng over those events as a function of different
snoothing distances, this is basically like the
standard devi ation of a Gaussi an kernel .

As it gets bigger, you snooth those over
| arger areas. And you can get an idea, then, of the
impact in terns of the repository rate at that
| ocation as a function of the snoothing distance for
your set of events.

Li kewi se, sone of the sensitivity was
givenin terms of the actual hazard, potential hazard,
results. Here that was a relative frequency at the
site. Wiat will it nean in ternms of the annual

frequency of intersection, which is plotted here,
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shows just probability mass functions for different
snoot hi ng di st ances.

So however many years ago, 10-15 years
ago, arguing with Leon Reiter, who is here, that, in
fact, the people doing work on the front end of these
nodel s don't need to see the hazard results. In fact,
that nmay cause themto want to turn the knob a certain
way. And, in fact, an expert on di kes and di ke
azimuths isn't an expert on probabilistic hazard
results.

Through t he years, | think Leon has proven
me wong and himright that, in fact, it's inportant
for them to see the inplications to the hazard
results. | haven't seen anyone conplain about it.
And if you don't showit to ne, everyone is going to
ask about it.

So how inportant is this, for exanple?
Snmoot hi ng paraneter, what you could show nme in terns
of other characteristic, frequencies of events in
certain regions, when you finally showit in terns of
the bottomline, it tends to get their attention nore.
And, in fact, it allows you to be nore risk-inforned.
You're really talking about the things that really
nove the needle at the hazard level. So we do show

results in ternms of hazard, but we try to focus on
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interimresults as well.

And, of course, this is the final result
you've seen many tines of the overall study. These
are individual experts, their means and nedi ans. And
| think it's probably 5th to 95th percentile ranges.
And, o and behold, we're dealing with two to three
orders of magnitude variation uncertainty in this
nmeasure of hazard, not really that uncommon. It's a
little bit bigger than a typical seismc hazard, but
it's also at an annual probability that's | ower than
typi cal seisn c hazard.

For PRAs, we'll go as |low as 107 usually
for seismc, rarely down into this range. And, of
course, as Yyou go |ower annual frequencies, the
uncertainties get broader. And we're down here in a
pl ace where the wuncertainties are |large and the
probabilities are | ow.

A couple of things. | put in sone slides
in here which | viewas nore progranmatic. Wy did we
do the PVHA update? There's a series of slides. And
the references are given in the back of the decisions
t hat were nade al ong t he way.

New data came out, the short of it. W
did an evaluation of sensitivity. W didn't think

that, in fact, PVHA-96 would change very nuch. The
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NRC di sagreed with that and said, "This could change
conceptual nodels."” DCE said, "W'll do some work.
W'l gather sone data. We'll do newdrilling. We'll
do Aeromag.” And we'll reconvene and update the PVHA
So that's what we've done. That's what we're doing.
|"msure there's alot nore politics init, but I wll

| eave that to others to explain.

| understand t hat you have been bri ef ed by
Frank Perry on the Aeromag program the drilling
that's gone on. So | won't get into that other than
this is one chance to show a coupl e of nicer pictures
than I have been able to show up to now.

Li ke | said, there was a concerted effort
to not just go out and start drilling. W knew at the
beginning of this that it would be difficult in this
project at this stage of developnent to justify a
nmassi ve data col | ecti on program

W were able to get as nmuch as we possibly
could fromthe dollars that were available to us. W
prioritized those. W ran the priorities by the
panel .

The types of drilling, the types of
targets that would lend information not only to that
particular target, to those adjacent clusters of

Aeromag anonmalies, and tried our best to get
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i nformation; for exanple, you know, drill a hole here
and have sone information related to the adjacent
anomal i es.

Frank can go through this in a lot of
detail, but we did a process. Both in the high-res
Aeromag and in the drilling information, the anal ysis
has gone on since in terns of age dating and
geochem cal analyses and so on to try to get the
information that will give us the nost bang for the
buck in ternms of dealing with uncertainties in the
PVHA. So we'll see how that goes.

The question always comes up, "Were are
you going to be?" W wll have specific conments on
the draft report because we have a couple of places
where we would say there has been sone conjecture
about, in fact, nunbers going down. W are not going
to join in that conjecture at this point. W don't
know where they will go relative to positions in the
past .

| had a couple of other slides that just
relate to the update, what we're doing, and the types
of data that are being provided. Wth tine and
technol ogy, the ability to get information together to
a panel like this, to conbine data sets, all on the

same scale, to do sinple types of conbinations, GS
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and so on, is far and away better than we had ten
years ago and certainly ten years before that, the
time these big elicitations were done.

So | think we have cone wel | al ong t he way
in this particular area. | have been invol ved
recently in sone wrk over in Swtzerland, a
conparable type of study for nuclear plants over
there. And | amjust aghast at how nuch information
can be represented and di splayed and distributed to a
panel in a short period of time. So this is really an
area where there has been massive anmounts of advance.
And it keeps Frank busy and awake.

A couple of other things that al so were
part of these data sets are anal og studies that have
been done. Part of the issue of event definition, as
| nmentioned before, we had a very sinple event
definition in '96

And t he concept was we're going to need to
| ook at nore. W' ve got to spend nore tinme getting
information on things |ike the nunber of dikes and
lengths of dikes and nunmber of conduits and
orientations and what does nature truly give us in
t hese areas.

Those anal ogs have been devel oped and put

together, put into publication-type formby Geg and
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his group at LANL. Here are sone exanpl es, get
information that can be hel pful.

Not all of themare accepted by the panel.
These may not be appropriate analogs. Al the panel
t hensel ves bring to bear is their own anal ogs. W saw
sonme of that today.

| was pl eased to see t he argunent back and
forth on certain analogs. That's an area -- |'ve
never seen earth scientists argue nore about anal ogs
than vol canol ogists do because they've all seen
sonmething, either in Iceland, Kenya, somewhere else,
and it might apply here. So they give the story, and
the story is great.

And then the discussion is by the other
person, "Yes, but that doesn't apply. The volunes are
different. The chemstry is different.” And so they
go on to the next discussion. So it's a wonderfu
process to wat ch.

Eart hquake. There's a bit of that in
eart hquake wher e peopl e have said, "Wll, | chased out
and | ooked at the North Anatolean right after it
ruptured, and this is what happened.”

But | think vol canologists want to be
anchored in what they have seen. And that is a key

part of this. And the nore realistic, | think what
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Chuck called realistic, or geologically based their
nodel s are, the better they feel about it. And it
feels closer to enpirical. But in this area where you
have very few events, you have to draw an anal og
sonewher e el se.

Ckay. One other thing, | want to show
what we are doing in ternms of event definition in the
update. This is just a summary of that series of
slides on the i ssues that we're addressing. For event
definition, we're | ooking at detail of intrusive event
geonetry, both di kes; di ke systenms; nultiple dikes; if
we have nultiple dikes, what is their spacing, their
| engths; what is the relationship of the dike to the
conduit. W are asking this question, is there
i nfl uence of the repository opening onthe probability
of dike intersection or of conduit devel opnent?

The extrusive event geonetry, we're
getting into nore detail in terns of the event
centers, their nunber, where are they | ocated, and so
on. And this is it, the last slide.

| do want to point out the one thing that
happened between '96 and the update is we have now a
future time period that could either be 10,000 years
or one mllion years. And we're asking for

assessments for both of those in the update.
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That's it.

MEMBER HI NZE: Thank you very much, Kevi n.
W appreciate that.

W do have a few nonents for questions.
And | amgoing to start with Allen Croff, if | mght,
pl ease.

VI CE CHAI RMAN CROFF: Thanks. | think
would first like to start -- | amgoing to focus on
the '96 exercise since it's down in the record. One
of our earlier speakers this norning noted the
i nportance of assunptions made going in.

And in the '96 study, the report was
relatively terse. But what | took away fromit is
t hat an assunpti on was nmade that events were randomin

time and occurred at a constant rate over the period

assessed, whether that was a nmllion years or whatever
dat abase you happened to be using. |Is that what was
done?

DR COPPERSM TH: Wl |, nunber one, it
wasn't an assunption. W asked themfor -- this is
part of the tenporal nodeling. W asked them what
nodel they wanted to use for a tenporal distribution
of future events.

Alnost all of them use a honpbgeneous

Poi sson assunption. There is one exception. That was
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a time-volune relationship that Rick Carlson used to
take into account the decrease in volune over tine
and, actually, the rate of decrease in the cumul ative
volume over tine and the rate of decrease in the
vol une per event over time. Wth those decreases in
different rates, you end up with a nore --

VI CE CHAI RVAN CROFF: | was tal king nore
about frequency, not --

DR. COPPERSM TH. These are a frequency.
These --

VI CE CHAI RMAN CROFF: On, |I'msorry. |
t hought you said --

DR. COPPERSM TH. These are all tenporal
| think if you broke it out, | would say, by and
| arge, the honobgeneous Poisson distribution was
strongly used by all experts.

VI CE CHAI RMAN CRCOFF:  Thi s norning we saw
a coupl e of graphics that showed the cyclic nature of
volcanism in the area. Was it a one or two
mllion-year period, | think, something |ike that.

How does the assunption made in '96
reflect that cyclic nature?

DR. COPPERSM TH: It depends on when you
then start your period that you will be using for your

Poi ssoni an nodel .
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VI CE CHAI RVAN CROFF: | understood in '96
that the periods were relatively long, | nean,
mllions of years.

DR. COPPERSM TH: Wl l, if you | ook at the
periods of these, episodes, if you will, go back
mllions of years.

VI CE CHAI RVAN CROFF: R ght.
DR. COPPERSM TH. So from 11 million years
wor ki ng your way towards the present, there are

periods of higher rate that will go on for one or two

mllion years, separated by nore qui escent periods for
one or two mllion years, followed by other.

So as they started at the present -- and
the future, 10,000 years is relatively short -- they

woul d then gat her events in the past and use an
assunpti on of either Poi ssonian or time-vol unme change.
Typi cal ly the hi ghest wei ght was given to
the nost recent events, the mllion years to the
present. They would say, "Ch, okay. Wthin that tinme
frame, the Poi ssonian assunption tends to work." Now,
as we nove back in tine, we get into nore of this
epi sodi ¢ type of behavi or.
Typically the farther back intine, either
inthe Pliocene or even in sone cases the experts use

M ocene events for tenporal, they were given | ower
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wei ght, primarily because of the issues related to the
number of events and sone of these issues of
stationarity or the applicability of a Poi ssonian type
of nodel .

VI CE CHAI RMAN CROFF: Can | take you back
to your slides on page 32? 1In the report and in

di scussions, there's been a |l ot of focus on the nean,

DR. COPPERSM TH: Ri ght.

VI CE CHAI RVAN CROFF:  -- al npost excl usive
focus on the nmean as the netric, | guess. And we
happen to be in a very sticky situation here where the
nmean is slightly greater than a cutoff value and the
nmedian is slightly less than a cutoff val ue.

DR. COPPERSM TH: Ri ght.

VI CE CHAI RMAN CROFF: Wy t he enphasis on
the mean or -- in a sense why the enphasis on the
nean? Let ne just leave it at that.

DR COPPERSM TH:  Well, others who have
studied the regulation nore than | probably shoul d
respond to that. M feeling is a person who has been
involved in these types of studies and decision
analysis for along tine, the nean is by far a better
risk measure. Utinmately the nedian is nore stable in

many of these problens. | could have Leon talk to
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this as well, Leon Reiter behind you.

The nmean, though, incorporates and is
often very sensitive to the uncertainty distribution.
And | think in regulation, there's been a desire to
i ncorporate not only just the central characteristic,
the median, but sone explicitly incorporate the
uncertainty. And that's what the mean will do.

VI CE CHAI RMAN CRCOFF:  That was ny mnenory.
| thought | remenbered a recent exanple, not on this
subject area, conpletely different, before this
Comm ttee, where the finding was the opposite. They
determned that the nean was too sensitive and,
t herefore, decided to use the nedian for --

DR COPPERSM TH. That's a const ant
debate. Alan Cornell calls that the tyranny of the
nean. W do have problens. |In many cases, highly
skewed di stributions that are very sensitive to one or
two extrenely Ilow probability of parts in the
di stri bution.

VI CE CHAI RVAN CROFF: Do you know of any
conservative assunptions that were in PVHA- 967

DR. COPPERSM TH: Not explicitly. W
tried hard not to have conservatisns or optinsns
built into these nodels. The goal of the previous

st udi es t hat have been done in seism c showed that, in
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fact, there is no value of sneaking in a conservatism
here or there. And ultimately it is nore problemthan
it's worth.

So | don't know if there are explicit
conservatisnms, none that we tried to put in
deli berately, or optim sns.

VI CE CHAI RMAN CROFF:  Ckay.

DR COPPERSM TH: W tried to avoid that.
The basic philosophy is to have a mean-centered
appr oach.

VI CE CHAI RVAN CROFF: How many do | get,
Bill?

MEMBER HI NZE: You get anot her one.

VI CE CHAI RVAN CROFF: | get anot her one.
| noted in one point in reading the report, it said
something |ike "Some of the source zones." And
assunme that relates to that map of regions and zones
you had up there. It didn't contain napped events.

So the experts used other neans to specify the rate of

events.

DR. COPPERSM TH: Ri ght.

VI CE CHAI RVAN CROFF:  What does that nean
exactly? | nean, why would they feel conpelled to

find an event where there wasn't one?

DR. COPPERSM TH.  Well, sinply the record
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may not be | ong enough or conplete enough. Sone of
the places that woul d be included, for exanple, that
show no events m ght not have been wel | - st udi ed enough
to have found themover different time periods. So
t he typical types of what we call a background rate in
t hat case conme froml arger regi ons where you knowthis
region, there has been enough study to see that we

have a background rate that provides a | ot rate.

There's no reason to think that our | ocal
background is any different than that. The southern
Basin Range, for exanple, it would be a reasonable
background rate.

It would be nore of alead to say that, in
fact, the absence of nmpped events in this zone neans
an absolute zero in ternms of a forward hazard
assessnent .

| don't think any of our experts felt, in
fact, that this area in the local Yucca Mountain
repository area, was devoid of any vol canic hazard.
I n other words, there were regions you could say it is
zero.

And | think that's why t hey woul d need t he
-- okay. Let's |look over a bigger area, where were
have nore opportunity to find these widely scattered

rare events and use that as a background rate.
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VI CE CHAI RVAN CROFF: Ckay. | have used
my tine.

MEMBER HI NZE: Dr. Ryan?

CHAI RVAN RYAN:  Yes. Thanks. Just one in
the median versus the nmean. To nme, | think it's

inmportant to try to figure out one does a better job
at the central tendency.

DR. COPPERSM TH:  Yes.

CHAI RVAN RYAN: And that's really the way
you are trying to avoi d sonme of those conservati sns or
optimsns. You know, that's not an easy task.
think that is the inportant point, if you |like one
and don't like the other and you're trying to have a
bias in the result. You do it nunerically.

| think the central tendency idea is why
one versus the other needs to be --

MEMBER HI NZE: M. Coppersnth?

CHAI RMAN RYAN: If that is your explicit
risk, risk goal, is central tendency. Al right? If
it is phrased that, in fact, we are | ooking VW are
| ooking for arisk goal, the probabilistic side of the
risk in this case. That is, central tendency, then
yes.

CHAI RMVAN RYAN:  And |'m just speaking kind

of on differences, too.
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DR. COPPERSM TH: Well, goal is a
conservative estimte of sonething.

CHAI RVAN RYAN: Absolutely. And |I'mjust
trying to probe. |Is that your understanding, the
difference between the nmean and the nedian is that
they're both potentially useful ways to express
central tendency? And, of course, that's dependent on
the data set you're manipul ati ng.

John?

DR. TRAPP: Yes, just one basic thing.
The nean in the rule is the perfornance neasure by
nmetric that you use --

CHAI RMVAN RYAN. Fair enough. |'m not
argui ng that.

DR. TRAPP. -- for the reasons you' ve got
going there. Yes, you want at | ook at rest.

CHAI RMAN RYAN:  Ri ght .

DR. TRAPP: But the nmean is really the one
that's --

CHAI RMVAN RYAN. |I'mw th you that, but
just wanted to clarify for ny own benefit what we were
tal ki ng about when we were tal ked about nedi an versus
nmean, just to be clear about it. Thanks. Thank you.

MEMBER HI NZE: Dr. d arke?

MEMBER CLARKE: kay, Bill. 1 was
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interestedinthis slide as well. And this discussion
addressed ny concerns.

MEMBER HI NZE: Dr. Weiner?

MEMBER VWEINER |'Il start out with a
comment, a quote fromLee Merckhoffer on your outlier
experts. He said, "Sonetinmes everybody is over here
and one guy is way over there and he's the one who's
right."

DR. COPPERSM TH. He's right.

MEMBER VEI NER: But ny question is this.
Here you have a group of experts. And | heard Dr.
Sm th before tal ki ng about one poi nt of view and Frank
Perry tal ki ng about another point of view

| have no personal know edge of how t hese
probabilities are arrived at. And | can't go back and
| ook at all the evidence that goes into it. Wat is
your recomrendation to soneone |ike ne who sees these
opposi ng vi ews, recogni zes that there i s evidence for
all of them recognizes that all your ten experts are
i ndeed experts, assunes that they're all honest and
giving their honest perspectives? How do we nmeke a
j udgnent ?

How does soneone | ooking at all of this
make a judgnent about in this case the frequency or

probability of a vol canic event that woul d affect the
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repository at Yucca Muntai n?

DR COPPERSM TH:  Well, let ne first make
a distinction. These discussions, |like Gene's
di scussion and Frank's discussion, are ones that we
woul d call proponent views. They are advocating a
parti cul ar point of view based on the |ine of evidence
and information that they have.

The experts on our panel -- and there's
only eight, not ten, naybe nore.

MEMBER WEI NER:  Ckay.

DR COPPERSM TH. -- have a different
function. They have a different job. They're allowed
to put on the proponent hat when they want to and as
|l ong as they say they're going to.

Their job is to eval uate t hese hypot heses.
They have to say, "Ckay. |'ve heard CGene tal k about
this and his deep nodel and shallownodel. 1've heard
Frank talk about this. Nowl|l'min the process of,
| et's say, developing ny spatial nodel that | have to
do for PVHA." These nay or may not be inportant to
PVHA. That's an assessnent the experts need to
i ncor por at e.

And when they are developing their
assessnment of uncertainty, let's say, in conceptual

nmodel s related to the | ocation of future events or in
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this case, | think it really affects the tenpora
nodel nore. They'll say, "Ckay. |'mgoing to |ook at
whet her or not future distribution of events wll
fol |l ow a Poi sson process or an epi sodi c process. Wat
do | know about this?"

CGene says he sees an episodic process in
his data set. And I'Il look at that and study that.
| see other places, and | see evidence of an episodic
nature. Even here locally | might. And | wll
construct the nodel that incorporates that.

The only way you can see whether or not,
in fact, these experts on the panel have consi dered
those alternatives is by reading their fina
docunent ati on and run a search on the publications and
the information that we're presented here.

We can denonstrate in our discussion in
the report that we have provided that to the experts.
We can docurnent slides and other things presented to
t hemand papers given to them but it's the expert who
has to docunent that, in fact, he considered it.

He mght have said, "It's a bunch of

hooey. | don't buy it," but they m ght have said,
"Well, there are certain elenents of it that | wll
include in ny assessnment.” And | think that's the

only way for you or anyone to independently | ook at
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this to see whether or not, in fact, those conflicting
Vi ews were incorporated.

MEMBER VEI NER:  Well, if | were to do that
and say, "Yes, these experts have | ooked at the entire
field," do | then reach the conclusion or is it a
| ogi cal conclusion, then, to say that the conbined
consensus, nean, if youwll, if the PVHAis a better
i ndication of these probabilities than these
individual things that | have heard of? In other
wor ds, you would give nore credence to this?

And then | ook at the | ower part of your
gr aph.

DR. COPPERSM TH: Ri ght.

MEMBER VEI NER°  And | see that in at |east
one case, two of your experts differ by nore than an
order of magnitude.

DR. COPPERSM TH:  Yes.

MEMBER VEI NER:  And how do | incorporate
that into a decision or do | just |ook at the nean or
the 50th percentile or whatever?

DR. COPPERSM TH. This is reflecting --
and you will see where we are with the update, but |
think it will be conparable. This reflects these
experts' assessnments of the state of know edge when

this was devel oped, the alternatives, the credibility
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of the alternative conceptual nodels.

The argunents that's made in SSHAC -- and
there is good reading on this issue of consensus --
says that we can start with nultiple experts who agree
on the sane value of a parameter. That's ultimte
consensus.

W can get experts who will agree that a
probability distribution, the same probability
distribution, applies to that paraneter. That's a
different | evel of consensus. W can get a group that
devel ops al ternative of uncertainty distributionsthat
says, "As a whole, this represents the community."

That's the | evel we get. That's the best
we can do in these fields. W sinply will not get --
until they solve some of these uncertainties in this
particular field, we will not get to where people
agree to a single paranmeter value or uncertainty
distribution. W wll have to live with a conposite
of multiple experts. That's sort of the conclusion in
SSHAC.

MEMBER VEI NER:  Thanks.

MEMBER HI NZE: Thank you very much, Ruth.

Wth that, we will close the discussions.
And | will pass it back to you, Dr. Ryan, for

adj ournnment and reconveni ng at 1:30.
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CHAI RVAN RYAN:. Thank you.

And we will reconvene at 1:30. And thank

you all for a very interesting norning. | hope the
next day and a half will be just as interesting.
Thank you.

(Wher eupon, a luncheon recess was taken

at 12:42 p.m)
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AAF-T-EERNOON S-ESSI-ON
(1:36 p.m)

VI CE CHAI RVAN CROFF: At this point we're
reconvened i n the afternoon session. And, w thout any
further ado, I'm going to turn it back over to Dr.
Hi nze for the afternoon portion.

MEMBER HI NZE: Thank you very much, Allen.

Thi s aft ernoon we wi | | be hearing conment s
on the white paper from various stakeholders: the
NRC, the Departnent of Energy, Electrical Power
Research Institute, and the Cark County will have an
opportunity for making their thoughts available to the
Comm ttee regarding the white paper.

Wt hout any further discussion, | will ask
the NRC to begin their discussion. And | would like
to introduce Jack Davis, Deputy Director that's
associated with us. |Is this NMSS or --

MR DAVIS: Yes.

MEMBER HI NZE: The NMSS.

MR. DAVIS: Deputy Director of the
Techni cal Review Directorate for the H gh-Level Waste
Program at the NRC.

MEMBER HI NZE: Jack, we're pleased to have
you here. And we're interested in hearing what you

have to say.
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NRC PERSPECTI VE ON | GNEQUS ACTI VI TY | SSUES:

OVERVI EW OF THE LI CENSI NG PROCESS,

DEVELOPMENT OF NRC REVI EW CAPABI LI TI ES, AND

PROBABI LI TY OF | GNEQUS ACTIVITY

MR DAVIS: kay. | thought that what |
would do -- this presentation is actually in two
parts. 1'Il give the first presentation. And

basically it's on roles and responsibilities of the
various entities, the licensee, the regulator, the
advi sory groups, and so on, so that all of the
st akehol der s under st and how al | these things play out;
al so what we woul d expect in the license application
with regard to igneous activity.

And then the second half will be given by
John Trapp, ny senior geologist. And he will go into
a lot of nore detail on what we have done over the
past few years in devel opi ng our review capability in
t he i gneous area.

I'"'m sure that the fol ks here understand
that the Waste Policy Act of 1982 established DCE to
buil d a permanent repository for high-level waste. W
pronmul gated our regulations in 10 CFR 63. And as part
of those regulations, DOE is required to conduct a
program of site characterization. Primarily this is

to | ook at the geol ogical conditions, |ook at a range
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of parameters that are appropriate to the repository.

The regul ati ons al so require t hat DOE neet
certain post-closure perfornmance objectivesthat [imt
t he amount of radiological release to the public and
also to the accessible environnent. And then, of
course, they would have to prepare and defend their
I icense application.

| think it's inportant to realize that
over the time periods that we're tal ki ng about and t he
uncertainties that we're talking about is not
determnistic, as we all know.

So they have to nmake a reasonable
determi nation of safety over the conpliance period.
And we wi Il certainly evaluate that and chal | enge t hem
on certain areas if we don't feel that there is
sufficient data. Cbviously if we license the
facility, then DOE would operate, construct and
operate, the repository.

Wth regard to NRC  staff, our
congressionally mandated rol e here is that we have to
review this and license it. And as part of that, we
had to develop our own technical understanding of
t hese various areas, |like igneous activity and then
devel op a review process to do the license.

W have held a nunber of prelicensing
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interactions with DOE on igneous activity. W have
even chal | enged them on nunerous tines in the past in
sonme of their early nodels, on some of their early
data. And to help us understand that better, we al so
conducted our own research in the igneous area and
devel oped certai n nodel s.

| think it's inmportant, though, to point
out that just because we devel oped certai n nodels,
certain tools that hel p us reviewdoesn't nean that we
have actually cone to any conclusion on igneous
activity. It's just helped us further to be able to
| ook at their data, be able to chall enge them on
certain of the areas that they have put forward. The
actual review, the official review, won't occur until
DCE actually submits an application to the NRC

The only thing | wanted to point out here
for those i nterested stakehol ders i s howt hese vari ous
advi sory groups, |ike the ACNW the ASLB, factor into
the licensing decision that is going to occur.

Certainly the ACNWreports to and advi ses
t he Comm ssion on all matters rel ated to nucl ear waste
managenent, but it's inportant to note that they are
i ndependent of the NRC staff and the review that we
have to do with regard to the repository. And so they

will advise the Commission, but they don't actually
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render any deci sion regarding the licensing of Yucca
Mount ai n.

Li kewi se, the Atomc Safety Licensing
Board will hear fromthe public, fromother interested
st akehol ders any contested issues. They will render
a decision on those contested issues. But, again,
t hose deci sions are provided to the Comn ssion, which
ultimately makes a determnation on whether the
repository can operate safely.

Goi ng over to what we woul d expect to see
in a license application with regard to igneous
activity, we're going to expect it to have a
transparent and traceable technical basis and then
al so a quantitative performance assessnent of howt he
repository will performover the conpliance period.

Certainly certain events can be excl uded
if they're considered very unlikely. W do require
that the events be assessed if they have at | east one
chance in 10,000 of occurring over 10,000 years. And
then DOE woul d have to evaluate for uncertainty the
variability in the data of the certain events that
they were |ooking at and, of course, |ooked at the
ri sk significance.

| don't have to tell this group here that

the nodels are conplex. The data is limted, as we
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heard this norning. And so it's not, again,
determnistic. It's sonething that DCE has to put
together. They have to have sonme kind of basis. W
woul d | ook at that basis.

Yes, we have devel oped tools. Yes, we
have done sonme research in the igneous area but
again, only to informourselves so that we can ask the
ri ght questions.

The regul ati ons al so require an
alternative conceptual nodel to be considered by DOE
TimMCartinis goingtotalk to you a | ot nore about
this tonorrow. The only thing | wanted to say here
was that obviously, as you hear in the various views
on igneous activity, these things can be factored in
to a conceptual nodel that is different than maybe t he
one that the NRC has | ooked at in its own nodels and
anal ysis. That woul d be expected.

And we woul d revi ew t hat for
appropriateness of the data that is being used to
provide that conceptual nodel and, of course,
denonstrate nodel support, as | just discussed.

The regul ations, however, don't require
DCE to predict an igneous event. Wat we're asking
DCE to do is to forecast a range of outcones.

Qobvi ously there are uncertainties involved. And they
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woul d have to consider those uncertainties. And we
woul d ook at how those uncertainties are factored
into the actual anal ysis.

W have heard again that there have been
many di fferent views here. That's actually good, and
it is to be expected. And we will look at what is
provi ded by DOE when the application conmes in. And
fromthere, we will assess whether we think there is
sufficient data that DOE can provide a reasonable
expectation of conpliance for the repository.

Again, | just wanted to drive hone the
|ast bullet there, the fact that we don't have a
position on igneous activity. W use the data to help
informus, to ask the right questions.

Wth that, | amgoing to turn it over to
John, who is going to take you into a | ot nore det ai
on sone of the activities that we have done to devel op
our capabilities for reviewin the igneous area.

MEMBER HI NZE: Fine. Pl ease.

DR. TRAPP: | want to go very briefly into
risk significance. And the point | would like to nake
here is in general NRC and DOE have a kind of simlar
view on this. W all agree that it's a
| ow-probability event. It has the possibility of

bei ng very high consequence. And we feel it's got
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hi gh risk significance.

| f you go through things |ike the risk
i nsi ght baseline report, you will see that there is
estimated risk significance for all the various
processes. Probability, for exanple, is considered of
high risk significance. Britt tomorrow will be
talking quite a bit nore about the risk significance
of the various consequence subi ssues.

Using this risk significance and all of
t hat, we have gone t hrough a KTl process and basically
used this to figure out the questions which we thought
needed to be answered to get DOE to help produce a
successful license application. By "successful," |
don't mean it does or doesn't or thunbs up or thunbs
down. | nmean, will they have enough information to be
able to provide a |icense application?

| am going to take a brief walk down
nmenory lane on a few of these things, probability,
ai rborne transport, and magnma drift interaction, just
to show how things have kind of fallen together
through the years. Then | will go into a little bit
on probability and where we sit on that.

| f you take a | ook on the NRC staff revi ew
capabilities, probability was one of the first ones.

This was basically because if you kept a |ook at old

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

187

10 CFR 60, probability was really nmuch nore inportant
t han t he consequence, the way the whol e thi ng was set
t oget her.

I f we took a | ook at where we were sitting
in the early 1990s and a lot of this before that,
Bruce Nyevski was the author of nmany of these things.
There is some question on the traceability of the
dat a.

Some of the nodels suggested that you
m ght be able to screen igneous activity out of
consideration. And if you took a |ook at things |ike
our site characterization and study plan coments,
they really focused on the need for DOE to consider
alternative nodels and a broader range of site data.
One of the places that we tal ked quite a bit about was
agai n i n the geophysics, which was brought up by Chuck
Connor .

W also noted there was a range of
interpretations possible and in avail able nodels we
didn't feel adequately incorporated geol ogi c data.

W needed an i ndependent understanding to
be able to evaluate this. So basically when I'm
tal king about "staff" here, it's NRC and CNWRA. And
Chuck has nmentioned there were the Connor and Hill

papers all the way through that really got this thing
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going. The Hill and Stamati kos is basically the | ast
one that we put on discussing this whole thing. So a
lot of this, a large portion of this work, was done
t hrough the center.

Agai n, we devel oped these nodel s and felt
they were traceable. They hel ped us get the key
techni cal issues or ask the questions of DCE that we
felt needed to be asked. They provided tools for
evaluating this new information; for instance, the
i nformati on on the aeromagnetic data, and take a | ook
at alternative conceptual nodels. And also we could
test this against alternate analog fields.

In the change from 10 CFR 60 or when it
was renanded as far as the site goes, we went to 63.
And there was a change at that tinme going fromrel ease
i nt o accessi bl e environnment, whi ch basically neant all
you had to do was get the waste up to the ground
surface.

| f you took a | ook at the way this whole
t hing appeared to be going from what you saw in the
md '60s fromthe revi ew counsel, et cetera, they were
tal ki ng about dose at the site boundary, et cetera.
And it appeared to be sonmething on the order of 20
kil oneters.

There wasn't any accept abl e nodel at that
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time to talk about airborne transport from basaltic
vol canoes and definitely nothing to talk about
transport of waste in this ash. So we needed an

i ndependent appr oach.

Basically we took a | ook at a whol e seri es
of different nodels that were avail able; Pop, et
cetera, is one, Suzuki nodel. Fromthat, we devel oped
what is known as the ash plune nodel, which to us
appeared to be the best way to take a look at this
thing. At least we felt confortable using it.

W're able to test this nodel against
alternate fields, analog fields, such as Serra Negra.
And then we incorporated those nodel into our TPA
nodel .

Has it i mproved our t echni cal
understanding of the field and, again, allowed us to
ask questions of DOCE that we felt needed to be
answered for themto get to the |license application?

W're still working on this nodel. |It's
bei ng updated to accept the full wind field. That
shoul d be hopefully done fairly soon.

One of the areas that has been discussed
gquite vigorously is the area of magna drift
interaction because, again, we expected that there

woul d be a change fromthe straight rel ease standard
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to the dose standard. And there really was nothing in
the literature that could all owyou an i ndependent way
to evaluate the conplexity of sone of these possible

i nteractions.

We were al so concerned that at that tine
DCE was not really addressing this issue. Anyway, we
devel oped the nodels -- these are sone of the Wods
nodels, all these others -- to evaluate the risk
significance concerns with the program get our review
capacity up and get a technical understanding.

And these nodels do provide a technica
under st andi ng that we can take a | ook at the different
things that have been done; for instance, Geg
Valentine, all the Gaffney work, this type of thing
t hat hel ps us go through.

| f you take a | ook at where we sit right
now in probability, well, we have a few technical
i ssues, the two ones on probability, 1.01, which 1"l
go into in sonme different parts, but 1.02 is really a
reaction to the whole deal with the airborne Aeronag
anomal i es.

Basically we took a | ook at what DCE had
done or is proposing to do. And if you took a | ook at
our letter in 2004, what we basically said was the

conplication of all these planned activities nmay
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contribute to a reasonable basis to constrain the
uncertainties, at least as far as we constrain the
concerns.

So we've got to transparently think, a
transparent technical approach to PVHA, PVHA new
nodel. And we have got the tools we need to eval uate.

Airborne transport. Well, we use this
again, but we're taking a look on the airborne
transport with things Ii ke wi nd speed, how nuch ash is
out there, howthis gets in effect, questions on how
you actually incorporate waste in there and howit is
used to get the correct aerodynanmic properties,
densities, and this type of thing, tested this thing
against a volcanic field, the Serra Negra deposits,
and were able to show that you could inprove this
nodel .

"1l point out here that, again, DOE is
updating the relevant AVMRs. W hope to get these

sonmetimes in this 2007 period. And this if you take

a look is one of the reasons -- it goes all the way
t hrough here -- why we cannot say we've got a
posi tion.

W haven't got a position because DCE
hasn't told us what they are doing, results of the

nodels. Until we can take a |look at this and get to
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a licensing process, the position is not there. W
have got a transparent technical approach to eval uate
this stuff. And we're devel oping the tools.

The sane thing goes through when we take
a look at the nmagma repository interactions.
Basically it allowed us to take a | ook at the
conplexity of the interactions between the waste
package and the waste form The KTA 1A 2.19 is
basically how magma interacts with the waste package
220. It's howit interacts with the waste form And
218 is how it interacts with the repository itself.
Tormorrow you will be hearing an awful | ot nore about
this. So I'mnot sure | need to go into any nore
detail at the present tine.

Again, DOE 1is updating their AMRs,
specifically dike-drift interaction, the rmagna
dynam cs are the ones that come to mnd. Dike-drift
interaction is, what, 450 pages of very detailed
conplicated analysis. Dynam cs may not be as | ong,
but it gets into some very good nodeling. Again,
we've got a transparent capability to eval uate waste
t hi ngs.

So where do we sit on probability? Wll,
based on t he avail abl e i nformati on, probability val ues

can range from 10’ and 10° per year. This is
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basically the nmean val ue, where we think the nean can
range from the possibility of an increase up to an
order of magni tude due to past uncertainties. That's
where we are sitting right now.

Thi s may change because we haven't gotten
all the newdata fromDOE anal yzed. W haven't put it
in here. But that's where we think we are.

W have stated that the ongoing work by

DCE will help constrain the uncertainties. W're
still going through the results of the geophysics for
drilling, |aboratory work.

And we are wusing a single point
probability estinate for several reasons. One, we're
using this to take a | ook at the different conceptual
nodels. And what we're using it for is a point
estimator of a point estimate. What we're doing is
evaluating the nean. And we're using a point
estimator to eval uate t he nean and t he change of these
nodel s and how it affects the whol e curve.

Yes, we've got to take a look at the
uncertainty, but we have been using this as our quick
way of doing things. Anmong others, one of the reasons
is ease of conputation. W can run through these
nodel s nmuch, nuch faster and get answers quicker by

using this, rather than doing the thousands of runs
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you need to be able to get the full-blown probability.

And it's also because we do not do the
conpl i ance denonstration. DOE has got to denonstrate
the plant. Wat we have got to do is eval uate whet her
they have done it. And, again, the nean is the
per formance neasure that we're judging this against.

| was interested to hear that severa
ot her peopl e had problens with event definition. This
is something that | have had problens with quite a way
through. And | don't feel that the report really
accurately portrays our concerns.

As Chuck poi nted out, you can define these
t hi ngs many ways, but when you are going through the
cal cul ati on, you have got to be consistent all the way
through the calculation. |If you start changi ng the
way you're defining neans or defining the event and
don't use it consistently, you get results that are
total | y neani ngl ess.

One of the problens | personally saw when
you took a look at the original PVHA is stuff like
event length, dike length was elicited totally
separate fromthe nunber of events.

You really can't do that because if you
take a ook at something like Crater Flat, if it's

four events, it may be four very small events. |If
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you're tal king about as one event, you can't have it
at three kilonmeters, which is the basic average | ength
of the di kes that cone out fromthe PVHA

Anyway, when you do this, these events are
nmut ual I y excl usi ve and represent alternate concept ual
nodels. And that's what we're going to be eval uating.

In summary, we've got to review the DCE
application and see if there is reasonabl e expectation
t hat t hey have denonstrat ed t he performance objectives
we have nmet. W have taken these independent
eval uations so we can better be prepared to ask the
guesti ons.

Prelicensinginvestigations have provi ded
us with the information we need to get to the point
that we can effectively conduct a Iicensing revi ew of
t hose risk-significant issues.

And DOCE, as far as we can tell, is
updating all the reference docunments and conducting
expert elicitation, which will support this. And at
that tine we will reviewtheir products as they becone
avai l able. And the actual positions that we will be
making will be put in the SER

| think that's the | ast one except for the
requi red discl ai ner.

MEMBER HI NZE: Thank you very much, John
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and Jack.

Wth that, I'lIl turnto the Committee for
guestions to the NRC, both Jack and John. Dr. d arke?

MEMBER CLARKE: No questions. Thank you.

MEMBER HI NZE: Al | en?

VI CE CHAl RVAN CROFF:  Thanks. | wanted to
clarify a point based on sonething that John said this
norning. This is about the nmedian versus nean
busi ness.

| understand about the need to use the
nmedi an when cal cul ating the dose, the nean dose, to
the REM, which is required in the rule. Wat were
your thoughts on nmean versus nedian concerning
calculation of the probability or, rmybe nore
specifically, the probability used to conpare to the
10°® cutof f?

DR. TRAPP:. Basically, again, that's a
nmean val ue.

VI CE CHAI RVAN CROFF:  Because?

DR. TRAPP: Because you're dealing with a
rule that is based on reasonabl e expectation, not
reasonabl e assurance. Basically you're required -- or
it"sjust wittenintotherule that you wll be using
the nean. Therefore, we are follow ng this through.

That's --
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VI CE CHAI RVAN CROFF: By "rule," do you

mean part 637
DR. TRAPP: Yes, part 63 in the EPA
st andar d.
VI CE CHAI RVAN CROFF: Ckay. Thanks.
MEMBER HI NZE: Dr. Ryan?
CHAI RMAN RYAN: Let ne first apol ogi ze for
being a few mnutes late. W're westling with the
weat her decision. So we have to do that.

MR DAVIS: Right. W are the only agency

still open, right?

CHAI RVAN RYAN: Well, it could be true
tomorrow. | don't know. W're working on that.
Thanks.

John, | was interested in your pointing

out to us that in md '07 we're going to be getting
sone information. | had one conversation a few weeks
ago with Carol Hanlon. | guess it's going to be the
updated and relevant AVMRs relative to the airborne
transport.

W' re hopeful Iy goi ng to schedul e, through

my conversation with Carol Hanlon |'ve got sone hope

that we'll schedule, sonme briefings on, you know,
ri sk-significant topics. Hopefully this will be sone.
So naybe we can agree we'll just keep each
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ot her up to date on schedul e, whether it's, you know,
your rmeetings with them with DOE, or our
presentations here, and hopefully get the benefit of
bot h of those.

Do you have any ot her details besides this
one set of AVMRs on this topic or --

MR DAVIS: There's a total of six AVRs.
Right, Eric? Eric can actually answer this much
better than I --

CHAI RVAN RYAN:  Ckay.

MR DAVIS: -- because | asked hi mwhen
they're going to cone in. | can't really tell you

DR SM STAD: There's a nunber of AMRs
that will be cominginlater inthe fiscal year. D ke
drift is one of them the ash plune AMR nagm
dynam cs coupled in there. So there's a suite of them
comng in towards the end of the F.Y.

CHAI RVAN RYAN: It will be real helpful if
we stay in contact on the schedule as they cone out.
| see sone heads nodding "Yes." That would be great.

MR. DAVIS: And, plus, soneplace in the
pi peline |I've got another paper that came in from--
Andy Wods is the main author, which hasn't gone
through a reviewyet. That will soon be available to

peopl e al so.
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CHAI RMAN RYAN: Ckay. Thanks. That's

all .

MEMBER HI NZE: Dr. Weiner?

MEMBER VEI NER: You are using a point
estimate for probability of an event occurring. And
DCE is presunably going to present a range of
uncertainties. Are you sinply going to | ook at their
nmean? How are you going to --

MR DAVIS: No. W are going to | ook at
the total range of uncertainty. W are going to |ook
at the various bases for the uncertainty, why the
uncertainty is there.

But what we are doing is a quick
calculation to find out what effects do these changes
have on the nmeasure of conpliance.

MEMBER VEI NER: | n other words, you are
going to | ook at the range --

MR. DAVIS: OCh, yes.

MEMBER VEI NER: -- that was presented to
you. You're not going to sinply conpare it to your
poi nt estimate?

MR DAVIS: No.

MEMBER VEI NER: Ckay. That was a --

MR DAVIS: Wll, renenber, they are the

ones who have got to denonstrate conpliance. They're
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going to have to go through. They're going to have to
run the thousands and t housands and t housands of
simulations to get this total curve.

We're going to be taking a | ook at that.
W're going to find out what's the effect of the
vari ous paraneters, how significant they are. That's
much easier to conpare it to a points estinmator to
deternmne the significance, to take a look at this
whol e series and try to determ ne why this one curve
changed when you're | ooking at so nany different
vari abl es.

MEMBER WEINER But maybe you can
enlighten ne. Wuldn't you have to do a | ot of
calculations to conpare, to | ook at their answers, to
i nvestigate whether their answers are neeting the
standard, whether they're in conpliance? Wuldn't you
have to do that anyway?

MR DAVIS. Yes. But |I can't do it
anywhere near as efficiently and effectively if | run
t he whol e t hi ng because i n order to get enough sanpl es
to show any change, basically they're running this
t hi ng thousands and thousands of tines.

And that's really -- it's an efficiency
nmethod to take a look at this. W don't say that

we're not going to look at all the rest, but we're
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doing this as a post-processor that just allows us an
ef ficient way of going through this.

DR. TRAPP: | think it's inportant to
realize we're in pre-licensing space. And that's why
we're | ooking at sone of these.

MVEMBER VEI NER: |'ve been told that we're

CHAI RVAN RYAN: | hate to interrupt, but
this is an interm ssion and not a finale, hopefully,
for this group. The government shut down at 2:00
o'clock. So I'mtold we have to | et everybody go
today, |'msorry to say. However, | guess we're going
to spend maybe a few nminutes with Lawence and naybe
a couple of other folks to help figure out what we're
goi ng to do.

| think if the governnent is closed
tomorrow, we will nove tonorrow s neeting. Unless

get sonething hitting ne in the back of the head,

we'll nove tonmorrow s neeting to Thursday and deal
with the agenda at another tine. I|I'msorry to say
t hi s.

MEMBER HI NZE: | think we can conpress

some things as well.
CHAI RVAN RYAN: And we'll work with the

presenters and staff to do that, but the gane plan
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right nowis that if the governnent is open tonorrow,
busi ness as usual. And we'll nake any sw tches and
accomodat i ons for people's travel plans and needs as
we have to.

| f the governnent is closed tonorrow, we
wi |l reconvene Thursday norning. And we w |l adjust
t he schedul e Thur sday.

MEMBER HI NZE: May | ask a question for
t he non-governnment types? How do we find out whether
it's open tonorrow or not?

CHAI RMAN RYAN: Great question. Frank?

MR G LLESPIE: Listen to the radio. You
coul d probably just call in the NRC s central nunber,
which is (301) 415 --

CHAI RMAN RYAN: Can sonebody post
sonmething on the Web? WI 1| that happen or does that
happen on the NRC Wb?

MR. G LLESPIE: There's a banner on
opmgov at the top of the page where you can --

CHAI RVAN RYAN: And on opm gov. kay.
Opm gov. And the banner will be there open or closed.
Thank you very nuch for that information. For our
guests, particularly our out-of-town guests, |
apol ogi ze for the inconveni ence.

Actual ly, the roads and si dewal ks are now
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pretty slippery. So | think that's probably what's
i nfluencing fol ks' decisions. It's getting cold.

| really apologize to everybody who has
come far and wide to do this, but we're at the nercy
of the weather. And | really appreciate your patience
and understanding. And we'll rerack either tonorrow
norning at the appointed hour of 8:30 or Thursday
norni ng at the appointed hour of 8:30. Ckay?

Thank you all very nmuch. | appreciate
your patience.

(Whereupon, the foregoing matter was

concluded at 2:06 p.m)
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