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PROCEEDIL NGS
8:00 a. m
COHON: |1'd ask people to take their seats, and people
out in the corridor to join us inside.

We convene now for the final session of this
nmeeting. Let ne just rem nd you, as you may have noted on
the agenda, there will be a public coment period at the end
of this neeting. W're scheduled to adjourn at approximately
noon.

Debra Knopman will Chair today's neeting. Dr.
Knopman?

KNOPMAN:  Thank you. The main topic for today's session
is igneous activity. W will hear presentations fromthe
U.S. Nucl ear Regul atory Conmm ssion, and then fromthe DOE

The State of Nevada will also offer sone coments. We will
have a brief comment froma representative of the Electric
Power Research Institute, EPRI, and then we'll have a short
roundt abl e di scussi on on the subject.

After that, we will finish this half-day session
wi th presentations on the influence of quality assurance,
i ssues on performance assessnent, and if a site
recomrendati on were to nove forward, on plans for repository
devel opment .

The Board had i ntended to have three consultants
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here with us. They, because of the events of yesterday, were
unable to get here. They included, and I'll just nention
their nanes, WIlliam Melson, who is a senior scientist at the
Sm thsonian Institution, and served as many years as a
consultant to the Board on issues related to vol cani sm
Meghan Morrissey, who's an assistant research professor at

Col orado School of M nes. She would have been joining us as
a consultant for the first tinme and would help us in our
review of this work we're going to hear about this norning.
And O arence Allen, who many of you already know, Dr. Allen
was a nenber of the Board. He's a professor eneritus in

geol ogy and geophysics, and we had al so | ooked forward to his
gui dance.

Let nme also just nmention in terns of scheduling,
it's our understanding that at 8:45 this norning, there wll
be a national nonent of silence, and we will stop our
proceedi ngs and observe that m nute of silence with everyone
el se.

So, we will nove on now. CQur first speaker is
Brittain HIll, who is with the Center for Nuclear Waste
Regul atory Analyses. Britt is a geologist. H s professional
interests are in vol canol ogy, risk assessnent, igneous
petrol ogy, and numerous other subjects. And we |ook forward
to his presentation.

H LL: Good norning. Brittain Hll. | represent a
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fairly good team of consultants and staff at the Center for
Nucl ear Waste Regul atory Anal yses, who have been

i nvestigating the probability and consequences of igneous
activity, and support of the Nucl ear Regul atory Comm ssion's
revi ew positions.

I"d like to nmention sonme people who are not here.
Ono Bokhove fromthe University of Twint (phonetic), Steve
Spar ks, Anna Marie Lejeune from University of Bristol, and
Andr ew Wods from Canbri dge University, our consultants who
have been conducting a |ot of the nunerical and anal yti cal
nodel s that |I'Il be tal king about today. Also, Chuck Connor,
JimWel dy, and Larry McKague fromthe Center contributed to
the work 1'mgoing to present.

Today, very briefly, 1'd like to go over the risk-
infornmed basis for the investigations I'mgoing to be tal king
about this norning, give a very brief overview of the nodels
for magma-repository interactions, and, finally, an exanple
of Tephra renobilization that illustrates why we're concerned
about the long-termeffects of potential renobilization after
an i gneous event.

| realize you don't have the consultants here
today, and that sone of the jargon that | inadvertently use
may be unfamliar. |1'd encourage anybody with questions to
pl ease interrupt nme during ny talk, and make sure we can

clarify what needs to be clarified rather than waiting until



580

t he end.

Wiy we' re concerned about potential igneous
activity can be sinply shown on this figure. Basically, the
risk estinmates and the proposed 10,000 year conpliance period
are dom nated by igneous activity effects.

|"ve got a sinplified version that puts together a
summary of the DCE positions that have evolved fromthe TSPA-
SR, with the probability of the igneous event is fromthe
Probabilistic Vol canic Hazard Assessnment at about 1.6 tines
10 to the mnus 8 per year. You can see how that risk
estimate in SR at a probability level that reflects pre-
licensing issue resolution, 10 to the m nus 7 per year,

i ncreases by about an order of magnitude to the current state
where what we've seen in the Suppl enental Science and
Performance Analysis report is about a .1 mllirem per year
probability weighted risk. And | need to enphasize that that
nunber includes the probability of the event in addition to

t he consequences of the event.

At a level of probability that both DCE and the NRC
agree is sufficient for pre-licensing issue resolution, 10 to
the mnus 7 per year, that risk is on order of 1 mllirem per

year, dom nantly by vol canic effects.

None of these calculations to date have consi dered
some of the key technical uncertainties |I'l|l be tal ki ng about
today in terns of nunber of waste packages damaged and
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rel eased in extrusive events, in other words, a vol cano woul d
formon the surface and potentially rel ease high-Ievel waste
onto the atnosphere and deposit it on the ground, or the
nunber of waste packages that are wholly or partially damaged
inintrusive events. And, finally, we haven't really
addressed the potential long-termeffects of ash
renobi |l i zation follow ng the igneous event.

We can start by thinking of magma-repository
interactions in a very sinple sense. |It's pressurized fluid
that flows into a void. W have rising basaltic magma, and
by the tinme that magna is com ng up beneath the proposed
drifts at about 300 nmeters bel ow ground surface, it's a
m xture of not just nolten rock, but gas bubbles. About 50
per cent of the volune of the ascending nmagma is in terns of
a gas bubbl e.

We have a fluid pressure within that dike before it
gets to any proposed drift. That fluid pressure is on order
of 1 to 10 negapascals in excess of lithostatic pressure.

So, we've got quite a head on that fluid as well.

If the rising magma intersects a drift, we have
rapi d deconpression of that pressurized fluid. So, quite
sinmply, the gasses expand, the pressurized magma flow into
the voi ds, the expansion, the deconpression of the gasses
al so accelerates that m xture to sone velocity. Magm ends

up filling the voids, depending on the flowrate, wll
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repressurize the system and then continues to rise to the
surface, we think maybe on order of hours for this process to
occur .

Now, the processes that we're npbst concerned about,
the ones that have a direct inpact on performance, are sone
of the initial effects of magma fl ow contacting the waste
package. During that initial deconpression, what are the
physi cal conditions that we have to worry about? Are there
potential damages to drift walls fromthe shock wave, as this

accel erati ng magnma cones down a closed end drift? Potenti al
breakouts fromthe drifts once magmati c pressure gets re-
established. W re-establish that pressurized fluid within a
drift, where is it going to break out and continue to rise to
t he surface?

| f pathways to the surface are established, which
seens |likely, what will be the flow conditions in the drift
once that surface pathway goes all the way up to ground
level ? What's the extent of waste package damage and waste
entrai nment under these conditions? And, finally, given
interactions with the potential drifts, what are the effects
on eruption characteristics? 1t could be that this sort of
interaction may fundanentally change the dispersive character
of the ensuing eruption.

W' ve been taking a multi-pronged approach to

eval uate the range of potential effects fromthis process,



583

first by | ooking at process nodels from anal og vol canoes,
primarily the 1975 eruption of Tol bachi k vol cano in
Kanthat ka, in addition to several other historically active
eruptions around the worl d.

W' ve al so been devel opi ng nunerical nodels for
initial magma flow into closed-end drifts. Qur starting
poi nt has been to take a sinplified one di nensional and two
di mensi onal approach to get the conputational fluid dynam cs
set up so that we can nodify those nodel s and evaluate a ful
range of potential effects later on.

But, let ne tell you, there's no software | can get
off the shelf that's magma drift 101 that we can go and try
to quantify a lot of these things in a responsible way.

We're al so conducting anal og experinents to
eval uate these nodels of initial magnma flow. W believe it's
very inportant to look at volatile-free and vol atil e-bearing

systens that scal e analogously to a basalt volatile system as

well. W' re conducting these experinents to verify the
[imts and strengths of the 1D and 2D nodels that we've been
devel opi ng.

In addition, we're going to be taking the 1D, 2D
nodel s and expand them for instantaneous steady flow
conditions. And | have sonme of the initial results of that
expansion to tal k about this nmorning. Looking at the

devel opment of alternative flow pathways to the surface, and
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al so applying a choked flow condition to see what that effect
may be on the resulting pressures and flow rates within the
magnma system

| want to go very quickly through the nodel that's
presented i n Bokhove and Wods, that | believe a copy has
been distributed before the neeting. It's also available
t hrough the Nucl ear Regul atory Comm ssion Public Docunents
Room That Bokhove and Wods paper outlines a sinplified one
di mensi onal flow tube nodel with a closed end. Conceptually,
we have a di ke that woul d extend about a kil oneter beneath
the drift. A drift could be 5 neters in dianmeter. And the
di ke woul d intersect in this nodel 200 neters fromthe end of
a closed drift.

We're | ooking at a very instantaneous opening of
the dike. W're not trying to capture any rock nechanics
process, nor are we trying to evaluate a de-gassing condition
within the dike initially. W assunmed the magma is at
equilibriumat 300 neters, the nodel volatiles at 300 neters,
represents a typical state of deconpression. And then we
essentially release the pressure as it cones into this 1
neter in dianmeter opening.

We're evaluating this for a single drift along an
80 neter long di ke segnment. The reason we're | ooking at that
is constrained by flowrates. Magma, let's | ook at the high

end of ascent rate. Magma nmay be coming up on order of a
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meter per second, it may be slower than that, about .1 neters
per second nore typically, but let's ook at the high end, 1
meter per second along a 1 neter w de dike.

So, if we have an 80 neter |ong segnent of dike,
we're comng up volunmetrically of 80 cubic neters per second
of mass rising up in that 80 neter |ong segnent of the dike.

Now, the drifts are 20 neters in dianmeter. So,
clearly, if we have flowinto the drift greater than 4 neters
per second, we're capturing 80 cubic neters per second of
ascent. You wll see in the subsequent cal culations we're
getting well above 4 neters per second flow from expansive
deconpressi on of the magma

So, we believe the current conceptual nodel is
correct, and that all of the ascending mass of the di ke can
be captured by accelerated flow and fl ow focusing into the
drift. Qur nodel, which is shown here, allows for the cross-
sectional area to vary between the 80 square neter dike into
the 20 square nmeter drift through a series of steps.

This is fromthe Wods et al. paper. Figure 3,
again, this is available through the Nucl ear Regul atory
Conmi ssion. In addition, | believe it was also distributed
before the neeting. W're looking at the first few seconds
of interaction between the dike and drift. | apol ogize.

This is a confusing figure, but the authors of this paper

tell me this is the way you're supposed to do it.
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We're | ooking right here at the contact between the
di ke and the drift, and depth is increasing in this
direction. So, here, we're about a kilonmeter beneath the
di ke/drift interface. W're comng up to the dike/drift
point, and then this is flow distance along the drift. So,
we' re kind of making that bend in the fl ow system
conceptual ly.

So, here, we're calculating the pressure that would
occur at tine step one, two, three, four and five, with depth
down the di ke, and with distance into the drift. So, we're
saying here that in the initial second, |I think these are .2
second increnents, the initial .2 of intersection, we have
this pressure profile along this distance in the drift,
stepping up as flow cones in, reflects off the end of the
closed end drift, and fornms this shock that propagates back
into the flowing system It peaks at about 40 negapascals in
our sinplified calculation.

The sanme coordi nate system we're |ooking at the
velocity profiles, starting froman initial high velocity
accelerated flow that has a transient up to about 200 neters
per second, going down to lower flowrates that are still on
order of about 10 to 20 neters per second. It's hard to see
in this.

The concl usions that we can reach fromthese

admttedly sinplified calculations are that the deconpressing
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magma accelerates in the drift to greater than 4 neters per
second. So, we know we're going to be able to volunetrically
capture the ascending magna. And that the reflected shock
gives | arge overpressures in the first seconds of this

i nteraction.

We saw yesterday sonme of the Darcy perneabilities
for the drift being on order of 10 to the mnus 11th neter
squared. So, here, if you look at the fracture perneability,
say you're thinking that you can't get that conpression
wi t hout air |eaking out, your fractures are on order of 10 to
the mnus 11th neter squared, per every 20 neters squared of
conpressed air.

You can see that we're not too worried at the first
pass about | oss of conpressed air through existing fractures.

Qur primary concern is as we build up to sone |evel of
pressure at this drift end, will we be initiating
hydrofracture towards the end of that drift? And if we
initiate fractures at the closed end of the drift, could that
be a preferred pathway for magma ascent and fl ow?

We al so have to | ook at the pressure and velocity
and, of course, tenperature conditions to estimate what could
be the danage to waste packages contained in the flow ng
system And that would be getting ahead of nyself, since we
have no data and analysis to really evaluate this.

We're al so conducting sone gumresin acetone
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experinments. Here, this is a Hel e-Shaw cell where we have,
in this case, a golden syrup. It doesn't have any volatiles
init. W take this syrup and pressure the systemup to sone
| evel that scales to the different pressure gradients that we
are looking at for the magma drift system and then open this
little gate up at the top instantaneously. And a cross-
section, here's the gate. The golden syrup would flow into
this glass cylinder that has a series of pressure transducers
init.

We al so conduct this with a gumresin and acetone
m xture that behave very simlar to nmagma, in that when we
deconpress the gumresin and acetone, we don't get nuch of
the acetone gas com ng out of the system The only bubbles
t hat expand are the bubbles that exist in the systemprior to
t he deconpression. W think the same thing is happening with
basalt, that deconpression is diffusion limted. W're not
getting additional volatiles comng out of solution in those
first instances of flow The only thing that contributes to
the flow accel eration are the bubbles that exist under
equi | i brium deconpression as the magma rises in the Yucca
Mount ai n system

VWhat we're trying to do is devel op pressure-density
rel ati onships through this to calibrate the experinments with
the 1D and 2D nunerical nodels. This is still ongoing work,

and | can't report any results for how well the experinents
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are calibrating to the nunerical nodels.

We're al so concerned about the potential pathways
to the surface and what flow conditions may be once a pat hway
is established. W devel oped three alternative conceptual
nodel s, where in the first one, the dike would sinply
propagate up to the surface once the drift that has been
intersected is filled.

The second nodel is that as nagma flows into the
drift, the drift fills. The strength of the rock is |ower at
sonme point than the point of initial intersection, so
breakout can occur at the point of greatest weakness rather
than point of initial intersection of the dike, so that we
woul d establish a flow path sonmetinme horizontally through a
part of the drift system

And, finally, an option that doesn't seemlikely by
desi gn now, because the access drifts appear to be backfilled
entirely, but in the absence of backfill or significant
obstruction, flow ng nmagma coul d break out fromthe
intersected drifts and flowto an access drift, or another
shaft, and formmultiple pathways to the surface.

So, we really need to | ook at mechanically how the
initial intersection point, what the strengths of the rock
woul d be there, how the potential interactions in the drift,
both initially and sustai ned, can affect the build-up of

pressure through time, and give us the breakouts.
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The bl ockages in the drift, because we're not
dealing with a sinple 20 neter in dianmeter unobstructed
drift, there's all sorts of engineered materials in there
that create a real significant problemfor doing flow
calculations. But we've got to start sonewhere, and we start
with a sinplified nodel.

And, finally, the rock strength variations, and key
to this is that there are significant topographic variations
under the repository footprint. W can have anywhere from
200 to over 300 neters of overlying rock over the drifts.

So, if our intersection point initially is beneath 300 neters
of rock, you just intuitively think, all other things and
stress being equal, if a magnma has to break out over 200
meters of rock, that strength, the force necessary to
fracture 200 neters, is probably less than 300 neters. And,
again, we're |looking at hydrofracture neasurenents at Yucca
Mountain at 300 neters that are on order of 6 to 5
megapascals. And we saw fromthe initial calculation that
we're clearly exceeding in these initial calculations
pressures of order of 5 to 6 negapascals.

We al so need to evaluate fromthe sustained flow
condi tions what woul d be the waste package response, both in
flow paths to the surface remaining in the magma filled
drifts, and of course in non-intersected drifts, because

we' re concerned about potential de-gassing effects as well.
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KNOPMAN:  Britt, just five mnutes.
H LL: Yes. Five mnutes? kay.

This is fromthe Wods, et al. paper again, Figure
5, when we | ook at instantaneous conditions for the three
flow paths in the preceding figure. W applied a condition
of choked flow. In other words, you don't allowthis to
exceed the speed of sound is a commopn assunption in nodeling
vol cani ¢ processes.

The thing to take away fromthis figure is that we
get significant backpressures in the systemonce we
i nst ant aneously establish these sort of flow conditions.
What we expect this to be is nodifying the Iikely flow paths
to respond to that overpressure. So, in other words, we
woul d expect conduit w dening, the devel opnent of new
conduits, et cetera, as we get this backpressure in the
system fromthe instantaneous cal cul ati on of flow

So, why is all this significant? W need to get
the tenperatures and pressures for waste package response.
Basically the voids in intersected drifts are going to likely
be filled with magna. We're going to expect dynam c pressure
variations during the eruption in response to these flow
conditions. And, ultimately, the danmage to waste package may
be nore extensive than currently nodeled in the TSPA-SR In
ot her words, sone of the danmage in what the DOE calls Zone 2

may correspond nore to Zone 1
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Longer flow paths of course may intersect nore
wast e packages than were currently nodeled. W can have the
surface pathways, as in Mddel 2, formit away fromthe plane
of initial intersection. It could be exploiting new or
exi sting faults, engineered shafts and ranps, or creating its
own surface pat hways.

And, again, it's a conplex process and | can't, in
20 mnutes, go through all the details. But certainly
anot her area of concern is how woul d waste from potentially
di srupted waste packages be entrained into the system and
what are the potential effects on dispersal nechanics. It's
a long ways to go before we can truly quantify what the risk
i npacts of these uncertainties are, but we're getting there.

| think | need to go very quickly through the
Tephra-fall renobilization. But, basically, the presence of
hi gh-1 evel waste contam nated Tephra affects the probability
wei ght ed dose calculations. 1It's not so nuch the dose in the
year of eruption that contributes to the risk, but howin the
| onger term does that Tephra deposit exist on the surface and
contribute to dose through tinme that's dom nating the
renobi l i zation effects.

KNOPMAN:  Britt, given the inportance of what you're
tal king about, why don't you take the extra couple mnutes,
if youd like, to either dwell on this one or any other

poi nts you want to mnake.
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H LL: Ckay. Just as a perspective, from anal og
vol canoes, we woul d expect the Tephra deposits to be
di stributed over areas on an order of 100 to 1000 square
kil oneters fromthe originating vol cano.

We al so have a real challenge here in that the 10
to 10,000 year characteristics of Tephra deposits in the
Yucca Mountain type environnent are very poorly known, even
from anal og vol canoes. The only datapoint we have is the
80, 000 year old Lathrop Wells vol cano about 16 kiloneters to
t he south, and we can see that all the Tephra fromthat
erupti on has been eroded from bedrock surfaces. But, you
know, 80,000 years doesn't tell us a heck of a lot for a
10, 000 year perfornmance peri od.

Anal og information says that these deposits erode
for hundreds to thousands of years, but it's a fairly
conplicated process that's controlled in part by rainfall and
the perneability of the underlying substrate.

We have al so both erosional and depositional
processes occurring right in the area of the reasonably
maxi mal | y exposed individual. W have erosion from sl opes
and water transport in the Forty MIle Wash drai nage system
In addition, we have w ndbl own particles for inhalation dose
fromnot just the area around Yucca Muntain, but for al
di stances along the Forty M| e Wash drai nage.

| don't have any quantifiable nodels, except sone
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exanpl es from anal og vol canoes. This is an exanpl e based on
the well studied 1975 Tol bachi k eruption in Kancthatka. And,
again, | want to enphasize this is a specul ati ve nodel that
just shows what the fallout patterns fromthe vol cano woul d
look like if a volcano simlar to Tol bachik were to erupt at
t he proposed repository site. But | would al so enphasi ze

t hat eruptions on the size of the Tol bachik eruption are
possi ble for future igneous activity at the Yucca Muntain
site.

We al so made a very sinplified assunption that here
is the erosional basin for Forty Mle Wash. And let's just
say the deposits eroded from sl opes greater than 5 degrees.
By maki ng that assunption and quantifying this in our
geographic information system we would see that if this
material that fell within the Forty Ml e Wash erosi onal basin
on greater than 5 degree slopes, and cane down into the
depositional system and let's just say for sinplification
sake it was deposited uniformy throughout this roughly 100
square kil onmeter basin, that mass woul d be redistributed into
the deposit that's about ten tinmes thicker than the initial
fall deposit.

We're also seeing very simlar effects of scale, on
order of a factor of ten increase in deposit thickness from
smal l er eruptions, things that are several orders of

magni tude smal | er than Tol bachi k.
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We're not only concerned about the deposition at
the RMElI |ocation, but also bringing down suspendable fines
into this general area where they could be entrained in the
wi nd and inhal ed by the RMEI

It's not just, though, the factor of ten that's
inmportant. What's really inportant is the rate that this
Tephra is renobilized and accunulates and is potentially
diluted through tine. We don't have the information yet, but
we're working on that, and so is the Departnment of Energy, to
quantify that rate of long-termrenobilization, and then
quantify the risk significance of that rate in the
Per f or mance Assessnent.

So, let ne conclude. W have sone significant
uncertainties in the magma fl ow paths foll ow ng potenti al
drift interaction, waste package and waste formresponse to a
range of magmatic conditions, and eruption dispersal and
| ong-termrenobilization characteristics.

| haven't been able to provide you with any answers
t oday, except to show that there are significant
uncertainties that have not been addressed in any of the
exi sting performance assessnents. Until we get a solid
technical basis to quantify those uncertainties, we only have
a specul ative basis to say what those inpacts on risk could
be.

Qur nodels that we currently have have limted
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capability to evaluate the risk significance of these
alternative flow paths, a realistic range of magmatic
conditions for EBS response, possible changes in eruptive
character, and the long-termflux of contam nated Tephra
through the RVEI area. W're going to need to devel op new
nodel s, and nodify extensively the nodels that we have.

And, finally, the Center and NRC staff are going to
continue to develop a technical basis to support the review
of DCE progress in these areas. | amvery encouraged from
the techni cal exchange | ast week where the Departnent has
agreed to do significant work in support of these
uncertainties.

Thank you.

KNOPMAN:  Thank you very nuch, Britt.
Questions fromthe Board? Priscilla Nelson.
NELSON: | don't know that |I'mthe best person to start
off, but we'll try. Nelson, Board.

The focus on a Yucca Muntain specific nodel,
because all focus is on that site instead of general
processes, what |'m wondering about is the additional
information that woul d be required, say, regarding internal
structure of the nountain, or variability of the rock, rock
mass properties there, and maybe additional information about
t he depositional basin that m ght give you sone indication on

time or character using the Lathrop Wlls as an exanple. 1Is
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the Project going to get additional information? |Is there
additional information that would feed into your nodel that
is real site specific information that would help to define
some of this?

H LL: W haven't gone into the details of the DCE
proposed work, but at the level of detail we've tal ked about
it, there is going to be additional information, certainly on
the erosive and di spersive processes on the surface at Yucca
Mountain. And there's sonme work that was done in support of
the extrenme erosion issue back in the early Nineties that's
going to be relevant to this.

In terms of the rock nmechanics, a lot of that is
| ooking at the range of realistic variability that we have in
the system to try to |l ook nore nechanistically at rock
response for appropriate Yucca Mouuntain conditions. W have
not integrated rock nechanics into the conceptual nodel yet,
but I think the range of stress distribution, for exanple,
for the undisturbed repository is constrained by existing
i nformation.

One of our concerns, though, is during the therma
period of the repository, though we've seen a nunber of
nodel s that show a buil d-up, an accumul ati on of stress, those
nodel s haven't gone forward and show what woul d be the
appropriate strain response for that stress condition, given

the existing structures and rock properties.
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So, there's a long ways to go before we really

integrate the rock nmechanics into a risk nunber
NELSON: But fromthe standpoint of the structure that's

present in the nountain, you know, nodeling the existing
faults and what m ght be the character of the intrusion, or
really | ooking at the sedi ment accunul ati on down in the
depositional basin nore carefully or nore precisely so that
you can actually see sonme of the sedinent distribution, get

an idea of how fast Lathrop Wells deposits were carri ed,

deposi ted, whatever, | nean, the real site specific nmess of
it.

H LL: There's been a fair anobunt of site
characterization. For exanple, the Lathrop Wells deposit,

there are only trace amounts left in a couple of very odd

| ocations. The Departnment is going to go back and | ook at
the Nye County wells, in addition, do some trenching work to
try to look for trace anmounts of this deposit. But it's
going to be very difficult to find it, and the same thing
with the specifics of exact structures.

O course, we have the ECRB and the ESF data, but
trying to |l ook at the range of footprints that have been
proposed, and for each drift, a range of potential breakouts,
| don't knowif we can do that. W're going to have to use a
constrai ni ng appr oach.

KNOPMAN: Don Runnel | s?
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RUNNELLS: Runnells, Board.

Just an informational question. | don't know what
the melting tenperature is of CG22 or stainless versus the
best estinmate of the tenperature of the basalt, so | don't
know what mechani smyou're tal king about. |Is the mechanism
of release of the radionuclides nelting of the canisters and
mxing with basalt? O is it nore |ike | ogs being pushed in
the intrusive picture, |ogs being pushed ahead of a flood?
nmean, can you just describe it for me? The tenperatures
first, tell me what the tenperatures are.

H LL: GCkay. The first tenperature, | don't know the
exact nunber, but | believe for CG22, it's on order of 1300
degrees C. is the nelting tenperature. But we're not worried
about nelting this netal. Wen we start to get above 800
degree C., we have to worry about ductility under a very high
pressure, high velocity, high dynam c pressure flow regine.

We're continuing to eval uate the nechanica
response. But the tenperature of the nmagma is on order of
1100 degrees centigrade. So we're not dissolving the waste
package. But under a flow condition where you have 2600
kil ogram per cubic nmeter basalt flow ng, even at severa
nmet ers per second, against a waste package that's
differentially | oaded between the supports or potenti al
collisions, at a sustained flow that may exi st for several

weeks to a nonth, you can see why our starting assunption
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woul d be that the canister wall is breached and the package
contents could be entrained.

We're al so concerned for waste or packages that are
not directly entrained in the flow ng nagma, but, say, are
sitting out in a nore stagnant part. Wat are the effects on
contai nment? Because it's not just the initial ductile
deformation that we have to worry about, but there are data
fromthe Hanes International people that show very
significant enbrittl enent once you get it up above about 850
to 900 degrees C. The inpact toughness of this material goes
from about 250 foot pounds, down to about 10 foot pounds
after exposure on order of ten hours to these tenperatures.

So, even if you' re not breaching the waste package
initially in a stagnant part of the drift, you' ve got a mass
of magma or nolten--or excuse ne--you' ve got a nmass of cool
basalt of density of 2600 kil ogranms per cubic neter.

Probably at |east a neter of that, and you can inagine just a
l[ittle bit of seism c shaking afterwards, is going to give
you nore than 10 foot pounds of force onto this highly
stressed, highly enbrittled waste package outer wall.

KNOPMAN:  Di ck Pari zek.

PARI ZEK:  Pari zek, Board.

There's a nunber of anal ogs that you bring into
play here, which is inportant in terns of this Tephra plus

rates of erosion. Do you have any evidence on the velocity
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of magma novenent? You have that one neter per second and a
.1 nmeter per second. |Is this sonmething that's cal cul ated, or
is this sonmething that you get fromseismc velocity data, or
how do you conme up with those nunbers? Because that's sort
of critical to the energy available to disrupt what happens
in an enplacenent drift.

H LL: Well, the first answer is the 1975 Tol bachi k
eruption was well instrunmented by the Russians, and so we can
| ook at the rise of seismc epicenters through tinme during
t he weeks preceding the eruption. That woul d give you about
.1 meters per second as the ascent rate.

There's also a wide range of literature that would
| ook at ascent versus cooling dynam cs. Because if you're
com ng up, we know that dikes are on order of about a neter
wi de. We can see that fromdifferent |evels of depth of
erosion through time in different geol ogic settings.

So, if you have this kind of a mass with this kind
of a heat capacity at this sort of a tenperature, what's your
mnimumrise time before you conductively just chill this
magma, because you're looking at a fairly thin sheet. And
that woul d again give you that order of .1 to 1 neters per
second fromjust thermal loss alone. | think it's a fairly
wel | constrai ned nunber.

PARI ZEK:  You tal k about the roof height of 300 neters

versus 200 neters, why wouldn't the di ke or the breakout head
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for the | ow overburden, or thin overburden portion of it.

But on that argunent, why woul d di kes want to go to Yucca
Mountain at all. Wiy wouldn't they go to Crater Flat?

That' s where we have obviously evidence of nore cinder cone
activity and volcanic activity. So, wouldn't these events
then | ook for |ow topographic areas with alluviumrather than
going for rock, such as in Yucca Mountain? And even if it
went for Yucca Muuntain rocks, why wouldn't it conme up bl ock
boundi ng faults, you know, such as the Canyon Fault and

el sewhere? Wiy pick on sone dinky little fault in the mddle
of the repository footprint?

H LL: That's a lecture in itself, and | don't want to
| ecture, but there are a couple of very sinple concepts.
First, the basin that defines the Yucca Muntain magmatic
systemfor the past 10 mlIlion years is not bounded by the
Solitario Canyon Fault. All the deep geophysical surveys
clearly show it is bounded on the west by Bear Muntain, and
on the east by sonething that |ooks |like the gravity fault.

Essentially, when you | ose the topography out to
Jackass Flat, that's the basin bound. But the eastern
boundary is fairly diffuse.

Second, when a magma is rising froman initial
poi nt about 30 kil onmeters bel ow the crust, differences on
order of a couple of hundred neters aren't really going to

affect the rise. It's fairly insensitive until you get
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fairly shallow, on order of about a kilonmeter or so, and
that's when you begin to get capture fromnon-vertical, very
slightly in kind structures.

Now, we know that a di ke canme up on Solitario
Canyon about 10 mllion years ago, 240 neters fromthe
proposed repository footprint. One out of the past 13 events
in the past 10 mllion years cane pretty darned close to this
proposed setting.

So, once you get fairly shallow, that's when the
surface effects becone inportant. But deflecting at a very
shal |l ow depth is very hard to do. So, the rise is pretty
well controlled by this poorly understood, but likely chaotic
process of magma accunul ation that has little to do with the
smal | scale structure, but rather reflects the broad basin,
whi ch enconpasses the proposed repository.

PARI ZEK: So that deep determ ni ng background sort of
sets the stage for it. Then let's try another one. As an
engi neering solution, nmy kids always had to drop an egg from
two stories up, and cushion it against the shock, and anybody
who won that was a hero in the grammar school context.

Can you put in conpressible ends to the repository
tunnels to take up the shock, rather than just having it be
this rigid thing echoing back, you know, the shock wave.
Because | think you said the initial effect is | ess damagi ng

t han the echoing effect, or the shock wave that's set up
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But couldn't we have a crushable end or conpressible end, you
know, cushioning that, if this was, you know, a possibility

H LL: Sure.

PARI ZEK: O is this in the thinking of anybody?

H LL: | don't know the thinking, but it's |ogical that
you coul d have sonething that would alleviate that pressure
accunul ation for the initial points. But anything that would
be venting that accunul ated pressure, for exanple, could

serve to weaken the rock around it.

And, second, it's not that the initial inpacts are
the things that give us all the problens. W still would
have sone neasure of flow into that void because we're

dealing with a pressurized fluid. That fluid flows into the
voids, and it's fairly conpressible for the gas, but it stil
is going to continue to flowinto the drifts until it

reequilibrates with the pressure fromthat contiguous magma

in the system And that nmagnma has an overpressure that's
greater than the surrounding rock strength. It has to, or
how el se could it rise?

So, even though we may be attenuating the shock
during the initial inpacts, we still would have to deal wth
the over pressures that woul d devel op as nagma continued to

flow and woul d reequilibrate with the di ke system
PARI ZEK: | was thinking of the nunber of waste packages

that could be destroyed by that initial shock versus,
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guess, the heat effect weakening them and eventually
destroying the packages. So, it's a timng | guess of
rel ease.

HLL: | think it's specul ative, but know edgeably
specul ative, to say that the damage to waste package fromthe
initial shock inmpact, froman intact waste package, you just
don't have the tenperature effects working for you, and these
are fairly strong waste packages, and we're | ooking at a
sinmplified calculation that gave us on order of 40

megapascal s as the pressure transient.

| don't think that's sufficient to breach a |arge
nunber. It's nore the long-termexposure to these nmagmatic
tenperatures with the dynamc fluid pressure rather than the

shock pressure that nmechanistically seens to be the process
that would lead to nore premature failure of the waste
package than the initial shocks.

PARI ZEK: None of the packages are cenmented shut, or
cenmented in in the lava when finally the thing chills.
You're not taking any credit for just saying, well, they're
sealed up, they're in the dike, with | ow perneability after
it's cool ed?

H LL: And the dike, the igneous systemitself, | think
we can constrain the physical processes, and we're not
tal ki ng about the center of the sun. These are tenperature,

pressure, chem cal conditions that don't exceed the real m of



© 00 N oo o B~ w N P

N N N R R R R R R R R R
N B O © O N O O M W N B O

23
24
25

606

engi neering capability. 1t's just engineer for high dynamc
stress, high tenperature, you're going to be dealing up a | ot
for the | onger term anbient effects.

KNOPMAN:  We have a coupl e nore questions, which we w ||
get to. It is 8:45, and I'd like to ask everyone to just
rise, and we will observe a m nute of silence.

(Whereupon, a mnute of silence was taken.)

KNOPVMAN: W' || resune with a few nore questions here.
Again, this is an inportant presentation for the Board, and |
want to nmake sure we get our questions out on the table.

Leon Reiter?

REITER. Britt, Bill Melson isn't here, and I'd like to
rai se an issue that he's brought up in the past, nanely the
use of situations such as Tol bachi k as an analog. | guess he
sort of felt that this is not quite an appropriate anal og.
And just could you give us an idea, to the extent that you
can, how the 1975 eruption conpared to, say, the Lathrop

Well's eruption occurring 80,000 years ago, to the extent that

you can.
HI LL: Okay. First of all, | disagree with Dr. Ml son,
and based on ny 20 years of experience in volcanol ogy, |

bel i eve Tol bachi k and ot her anal ogs we' ve used are
appropriate and do capture fundanentally the processes that
we are trying to understand.

The reason | have that position is that the process
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of magma, magma viscosity, nmagma tenperatures, and the flow
dynami cs are to the best of our abilities the sane as we
woul d expect in a Yucca Muntain region vol cano.

The magma rises in Tol bachik froma depth of about
40 kilonmeters, again, simlar to the 30 kilonmeters rise depth
from Yucca Mountain. W believe it has a volatile content of
about 2 to 3 weight per cent water, very simlar to the range
of volatile contents for the Yucca Muuntain system

We | ook at mass flow rates, although the total
vol une of the Tol bachik eruption is bigger, the instantaneous
mass flow rates appear identical to what we would see in the
range of Yucca Mountain, not just Lathrop Wells itself.

O course, the Lathrop Wells eruption we believe
was about an order of magnitude smaller than the total vol une
of the Tol bachi k eruption. But, again, Lathrop Wlls is a
singl e cinder cone volcano. The Tol bachi k eruption was a
series of three cinder cone vol canoes that went on for about
two nont hs of duration.

The Tephra colums that we see from Tol bachi k
rai sed anywhere from several kilonmeters high to periods that
were about 8 kiloneters high, correlates well with the
vol canol ogi cal theories of mass flow and columm rise height.

The character of the cone, the character of the
lava flow, the cone to flow ratios at Tol bachik are very

simlar to what we see at vol canoes |like Lathrop Wlls or the
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Sl eepi ng Butte vol canoes, for exanple, which are the best
preserved vol canoes in the Yucca Muntain system

And, fundamentally, the nmagma itself has the sane
sort of viscosity, the sanme sort of deconpression
characteristics, the same sort of vesiculation
characteristics, the sanme anount of mnerals init, and would
expect to behave the sane way as the well docunented 1975
erupti on.

So, | believe these are very--the Tol bachik is
probably the nost appropriate anal og vol cani c erupti on.

If we had a historical eruption in the Western
Great Basin, we'd use it. But, unfortunately, at |east from
a vol canol ogi sts perspective unfortunately, we haven't had
one of those in historical time. So we need to rely upon
historically active anal ogs that present us with the process
that's inportant, that they're in an arc is al nost an
irrel evancy.

REI TER: Just to follow up, would the fact that the
Tol bachi k you said | think was ten tinmes the vol une, would
that affect the Tephra distribution that you m ght expect?

H LL: No. It affects the total thickness. But the
process of convective rise and di spersenent is exactly the
sane.

REI TER: But the thickness, in other words, the plot you

showed of the thicknesses would be different?
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1 HI LL: O course.
2 REI TER  Ckay.
3 H LL: But 1'd like to also make sure we're clear that

4 we do not know what the volune of Tephra was from any of the
5 Yucca Mountain vol canoes. W have to | ook at ratios of

6 here's the anmount of cone that's preserved, here's the anount
7 of lava that's preserved. Anpngst the anal ogs we have with
8 that kind of a cone to lava flow ratio, what sort of Tephra
9 volumes do we have? Al the Tephra has been eroded away from
10 these 80,000 to mllion year old vol canoes, but we've got to
11 do sonething, because this is the source of risk

12 | woul d say, though, that the range of potenti al

13 future events at Yucca Muwuntain that we've shown, and that

14 the nunbers the Departnment is using for these kind of Tephra
15 di spersions, clearly enconpasses the volune of the Tol bachi k

16 vol cano.

17 KNOPVAN:  Dave Di odat 0?

18 HI LL: | hope that answered the question.

19 REITER | think Bill would have to | ook at that.
20 H LL: Well, 1I'm always avail abl e.

21 DI ODATO Diodato, Staff.

22 | just wanted to follow up on the shock wave

23 phenonenon part of the situation to make sure that |'ve got
24 it clear. This would be nechanistic damage, but you

25 di scounted that, if | understand correctly. The nechanistic
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damage fromthe shock wave phenonenon woul d not be a
significant player in ternms of breaching the canisters?

HLL: | was trying to be very careful in saying that we
haven't anal yzed that conpletely. W have not done an
engi neering analysis, and that my specul ative basis, but
i nformed specul ative basis, was that that |evel of shock is
probably not sufficient to breach an intact waste package at
t enper at ur e- - excuse ne--at anbi ent tenperature.

DI ODATO But it may be in your thinking?

HLL: | think it's maybe. Until--1'"ma scientist.
Until we've done the cal cul ations using appropriate physi cal
conditions and appropriate engineering conditions, | can't
tell you with any certainty. There's a |lot that needs to be

done here, and we're doing the best we can to constrain these

effects.
DI ODATO Wl l, could you help ne to understand just a
little bit the physics of it? |Is that a resonant phenonena,
| nmean, does it depend on a resonation, like a critical Iink?
|"mjust thinking like a guitar string. Wen you hit the
harnonics, it definitely depends on the | ength.

H LL: | just have a very sinplified understandi ng of
shock tube dynamics. But | believe it's the conpression of
this flowng relatively inconpressible mass agai nst the
conpressed air, and reflection of that wave nore than

anything else that |eads to that pressure buildup in the
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transi ent pressure conditions. But then once you' ve
attenuated that, the mass is continuing to flowinto the
system but you don't have that initial conpressive inpact.
So, any subsequent resonance is going to be at a nuch, much
| ower value than the initial free air conpression. You're
conpressing the nost volune of air during that initial flow
condi tion.

DI ODATO  Thank you.

KNOPMAN:  Ckay. You may want to follow up later.

Al berto Sagués?

SAGJES: W were wondering here, a couple of questions
on the mechani cal strength issue. This reduction in--that
you nentioned from say, 200 foot pounds to, say, 300 foot
pound, or sonething |ike that, | assume that that refers to
roomtenperature nmeasurenments made in specinmens that are
bei ng anneal ed at high tenperature, and | et cool down and
then they test the sharpy, or whatever they're doing?

H LL: It was the sharpy, yes. And returning to room
tenperature conditions for the inpact strength.

SAGUES: Yeah. | don't know at this noment, | seemto
think that the high tenperature, that that nay be able to
withstand a little bit nore energy for fracture, because of
t he energy dissipation ability being greater at higher
tenperatures. This inpacts--you're considering just bouncing

it--maybe there would be loss while they are still hot; is
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that the idea?

H LL: | think I may have not made this clear. The
sharpy inpact argument was for waste packages that woul d be
in the stagnant part of a magma filled drift. The nagma
woul d cool, and subsequent to all of this, when the igneous
event is over, say 100 years or 200 years later, you'd stil
have this fractured basalt at essentially anbient tenperature
sitting on top of a waste package that had been brought up
for hundreds of hours to tenperatures on order of 1000
degrees C. That's where the inpact toughness, say you had an
eart hquake after that, even in the background, nagnitude four
eart hquake, you'd be rattling this basalt on top of a greatly
weakened cani ster.

SAGUES: Oh, okay.

H LL: | agree with you conpletely that for the
tenperature, magmatic tenperature analysis, we're not worried
about inpact toughness at all. W have to |ook at the
appropriate strength characteristics for the duration of
exposure, not just an instantaneous eval uation, but a dynamc
eval uati on.

SAGJES: Ckay. And a connected question with this, |
assune that are you conservatively ignoring the presence of
the inner two inches of stainless, of 316 NG?

H LL: Yes. At this stage, yes. The ductility of 316
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is much greater. W're not ignoring it entirely. For
exanpl e, we're concerned about differential therma
expansion. There's a range of gaps that can be between the
proposed 316 inner barrier and C-22 outer barrier. But when
we have essentially 30 per cent greater coefficient of
t hermal expansion for 316, then the overlying C 22, you know
you woul d need to have sone sort of a gap as you raise that
tenperature from anbi ent condition, up to on the order of
1000 degrees C

So, we're not ignoring it entirely, but the 1000
degrees C. strength properties of 316, from ny engi neering
col | eagues, they're saying that does not appear to be a
significant physical barrier at that tenperature. It's the

C-22 that has the higher tenperature--

SAGUES: Sone of the negative effects, but not--but
you're still being conservative, though?

H LL: W have not done a full scale analysis of this
process. W' re doing some starting assunptions, and we have

to look at this realistically. Under these conditions, would
we necessarily expect a waste package to remain intact? And
our conclusion is we would not necessarily expect it. W're
not concluding it's going to be breached. W have to do the
work to do that. But it seens |ike a reasonabl e assunption
to say under these | oads, under these forces, under these

tenperatures, that waste package is potentially going to
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fail.

SAGUES: Thank you.

KNOPMAN:  Thank you, Britt. W w Il have other
opportunities to ask questions to Britt and the others during
a panel discussion that we'll have after the other two
speakers.

|'"d like to introduce Eric Smstad. Eric was
i ntroduced al ready on Monday when he spoke to us about the
Bi osphere Panel and the Bi osphere Review. He's the DCE
Techni cal Lead for biosphere, igneous activity, unsaturated
zone and performance confirmation.

SM STAD: CGood nor ni ng.

This nmorning, I'mgoing to give nore or less a
programmatic tal k on igneous consequences. W at this point
have not analyzed the nodel that Britt just wal ked through in
detail, so | won't be showi ng any plots or graphs or any
guantitative analysis on this today.

"' mgoing to wal k through our really qualitative
i npressions of the nodel that they put on the table here for
us recently. [I'll talk briefly about our plans to address
this, the schedule, the schedule we have in place, howthis
plays into site suitability, and what we're actually show ng
now for site suitability in terns of igneous consequences and
dose. 1'Il show a dose table conparing SR doses to SSPA-2

doses, and then |I'll summari ze.
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In June, we had an igneous consequences techni cal
exchange here in Las Vegas. This is where we saw a detail ed
expl anation of actually what Britt just wal ked through really
for the first time. Just recently here in Septenber--1 m ght
say there's a step in between here. They put sone agreenents
on the table in this June technical exchange that we did not
agree to in terns of this nodel. W needed tine to go back
and |l ook at this to see what we thought of the nodel itself.

We convened just here this nonth, early this nonth,
and we did cone to four agreenents regarding the nodel, and
as a result, this particular KTlI, the igneous activity, is
now cl osed-pending, as is the TSPA-1 KTI is now cl osed-
pending as well. It was held open for this igneous activity
i ssue.

Qur view of the nodel you've just seen. As | said,
we haven't analyzed it in a quantitative detail, so | won't

have that for you today. W feel that this nodel is really

an idealized conceptual nodel. W're not at the stag where
we're wlling to call it an alternate nodel, because we
haven't analyzed it yet. And there really are a whole suite

of sinplified assunptions that have gone into this nodel.

As Britt said, it is a snoboth wall, closed end, one
di mensi onal flow tube. This is not the repository. This is
an idealized conceptualization that they put in place. As |

said, it doesn't consider the repository or the mgjor
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el ements of the repository. W' ve got a geol ogic repository.
There's rock there. It's not a snmooth wall system

We have material in the drifts, packages, drip
shields, invert material. W don't have a closed end drift
system We don't have a brick wall at the end of our drift.

We have effectively backfill in the mains on either side of
the drift. This is not a brick wall system This is a
system that can give

The preferential diversion of the dike once it hits
the drift is a question mark for us. You recall in Britt's
pitch, | believe it's Page 9, he had three cases there. He
had a case where the dike just intersected the drifts,
continued to the surface, and that's effectively what we've
got in place now, what we're nodeling at this point.

Case B, or Case 2, he had the dike intersecting a
series of drifts, and diverting down the drifts, and actually
not continuing up to the surface between the drifts. That's
ny fourth dash here. W don't necessarily believe that's
true. There's a lot of energy in that ascent, and we're not
convinced that the total floww ||l be diverted into the
drifts.

The expl osi ve deconpressi on and propagation of a
supersoni ¢ shock wave in the drifts. This is sonething at
the qualitative level we're not quite ready to buy off on.

As | nmentioned just earlier here, the nodel they've got in
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place relies on a closed end tube. W don't have a cl osed
end tube in our system

There's several other factors involved in a shock
wave. There will be friction involved as the wave travels,
the initial wave travels, I'll say, not the subsequent wave
they' re tal king about here. There's friction along the
walls, and in order to get this sort of a supersonic shock
wave and the magnitude he's tal king about, you have to have
these reflections. W don't believe you'll have reflections
at the end. W believe that the wave itself will continue
into the structure and the backfill and the main.

So, they're relying on that to ricochet off the end
there, and they're relying on the pyroclastic flowto
actually serve as a solid nmass, too, where you're getting
this reflection back and forth, effectively turning up the

gain on this wave. W don't think that's going to happen.

The pyroclastic flowitself is just that. |It's clastic
material. There will be dust involved, too. That would
absorb sone of this wave, we believe, as well.

And we're not sure even if you turned up the gain
to the extent that they have in their papers, that you really

have, you know, packages noving about in the drifts.

And then the | ast dash here, sonehow the system has
to repressurize itself. It has to maintain energy, and it
has to find a spot to come up through the drift to the
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surface at sone | ocation other than the original
intersection. So, this is sonething that we have a big
guestion mark on as well.

So, we just don't feel at this point that the node
that's been put forth is realistic in terns of the repository
as we have it today.

And there hasn't been any, although this is not
sonet hing they' ve done or | ooked at as far as | know, there
hasn't been any |ikelihood applied to this whole nodel. Wat
is the likelihood of a dog | eg occurring? What is the
i kelihood of a shock wave of that magnitude actually
occurring?

And then there's |ikelihoods and PDFs you coul d
apply to package damage as well. W haven't done that, nor
has the NRC.

| wanted to, just back on the other topic just for
a mnute, | didn't walk through all three cases that Britt
put on the table. There was the case we've got now, which is
Case A, wth a dike intersects and continues to the surface.

Case B, | described as all the flow happening in the drifts
and not continuing to the surface. Case Cis simlar to B
except you don't perhaps have the backfilled drifts, and
you' ve got the flow going onto other drifts, or shafts, or
what have you

And | think the inportant point there is that
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really Case C for us, although we haven't analyzed it in

detail, we think it's pretty nmuch off the table, because we
do plan on backfilling these drifts. So, we don't really see
t hat occurring, although we will |ook and see how this plays

out, if it gets to the stage where we actually believe a dog
leg will occur.

kay, the plans to address the new nodel. W do
intend to proceed in a risk-informed defensible manner for
licensing. W acknow edge by the nere fact that we did agree
to ook at this new nodel and the four agreenents we entered
into earlier this nonth. So we will be looking at it. But
we're not convinced that it's a nodel that will play out
necessarily in our analysis in the end. W do have a pl an.

We' ve put together a plan. W shared that with the NRC at

this particular nmeeting. |'mnot going to go through the
details of that plan today. |If there's questions, I'll try
to answer those as best | can.

The main focus of the plan and the four agreenents
is on the magma drift, magma waste package, nmagma waste form
and then the Tephra, the renobilization of ash or fall near
the cone, and down into the Valley by pluvial or other
processes.

Schedul e. W have not scheduled this out in detai
yet. This is not an analysis that will be in place for SR

obviously. W are talking about LA tine frame on this. The
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analysis that we will do on this, and again there's a
guestion mark as to what degree we will take this to, but we
will evaluate it, wll be enbedded in these four AVRs. |
shoul d have put a question mark on the end of this one. This
is not yet an AMR W believe we will have one in the system
at the tine.

As | nentioned, the conpletion dates are TBD. W
are in the mddle of planning dates for LA

What is our current state regardi ng i gneous
activity and consequences for site suitability, and how does
t he new nodel that the NRC has put on the table play into
this?

We currently have in both the SR docunentation and
t he TSPA-SR and the SSPA-2 docunents, we're show ng | ow doses
still. These are well below either Iimts and regul ati ons.
We believe froma probabilistic standpoint that the PVHA that
we have in place is still a robust analysis. There's nothing
that's conme up since that particular work that calls into
question our probability. That probability in fact was very
low. This is a highly unlikely event that we're tal king
about here.

And we did do sone very prelimnary scoping
calculations on this, and what we did was we took the SSPA-2
nodel that's in place right now, and we--let's really assune

the worst. We assuned that this scenario, or the nodel
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woul d occur. Let's take the dog leg. Let's have it invade,
if you will, the drifts, and let's have it touch every
package and throw t hose packages up to the surface. This is
t he eruptive dose |I'mtal king about now, because it is
currently the highest dose we've got between the two, the
eruptive and the intrusive, or the groundwater dose.

So, we took essentially every package that
intersected drifts, and we cane up with a dose around 2 to 3
mllirems. This is still well below standard in our m nds,
and I'll just repeat this is an end nenber analysis. W
don't believe that this will play out in the end. It's very
conservative to assune all packages in the intersected drifts
are going to go up to the surface, and all waste is avail able
to travel down to the critical group

But it gives you an idea that this nodel, even
taking it to an unrealistic stage, is not beyond any
regulatory limt that may be in place.

We do still have conservative assunptions in our
i gneous consequences nodel today. This is not an exhaustive
list, but these are the ones that we feel really are sort of
t he bigger ones, and the ones that we can actually take a
| ook at.

We're assuming at this point that all eruptions,
future eruptions are violent stronbolian. In other words,

they're the explosive kind of eruptions. Wen, in fact there
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are effusive flows out there in the field, the Yucca Muntain
field. So, we're going to look at, if you will, a
partitioning. How do we |ook at this some nore in a
realistic manner and account for effusive flows, in other
words, flows that don't--aren't explosive and carry ash and
radi onucl i des down to the critical group? So, that's
sonmething that we will be |ooking at next FY.

Wnd direction. W have assuned in our current
analysis that the wind is blowing south all the tine towards
the critical group, when in fact the wind rows, or the w nd
data that we have in place really says that, you know, that
m ght occur, the wind nmay bl ow south 10 to 15 per cent of the
time, sonething like that. So, it's not blow ng down there
the majority of the tinme, and we did a sensitivity in TSPA
Rev. O, ICN 1, and it was a factor of 5X if we actually used
arealistic wnd row.

Now, one thing that would conme into play here is
the redistribution issue, and that's sonething that we plan
to look at as well.

And then on the BDCFs, the biosphere dose
conversion factors, we're assum ng what we're calling
transition phase BDCFs through tinme. This is essentially the
dustiest conditions that you can get, when in fact you really
will have--this is like a condition that would occur closer

to the time of the eruption. Through tinme, we know that this
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settles down, the dust will settle down through tine, 10, 15,
20 years, whatever the case may be. W haven't taken credit
for that. W' ve used these indefinitely. So, this is
sonmething we're going to revisit as well.

The first and the third are certainly not
gquantified at this point. W did quantify, obviously, the
m ddl e one, but we need to | ook at redistribution and how
that plays into this.

Okay, a dose conparison table. Wat |'ve done here
is I"ve just pulled doses out of TSPA-SR and SSPA, Vol unme 2,
broken them out into eruptive and intrusive scenari o0s.
don't have the conbi ned doses on this chart. And this colum
here is the peak nmean probability wei ghted dose, and this is
t he conditional dose, and |'ve done that for both the
eruptive and the intrusive.

| guess I'll say one of the points of interest |
understand fromthe Board is we had an increase in dose for
t he peak nean probability wei ghted dose from SR here on the
eruptive case to SSPA-2. Those differences are detailed in
SSPA-2. Essentially, they break down to four areas. W had
a change in our eruptive BDCFs where we assuned that an
i ndi vi dual woul d be inhaling |arger particles, thus getting a
| ar ger dose.

We had a wi nd speed change. There was sonme data we

| ooked at that indicated that the wind may be travelling
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faster, getting nore material down to the critical group

We had a change in our conditional probability of
once the dike intersects the repository, or a drift, what's
the probability of that actually becom ng an eruptive center

And then we had--1 think that really accounts for the bulk
of it there.

We did have a decrease in dose here. This played
out in our groundwater case. Again, this is the intrusive
and the peak nmean probability weighted dose. And this
amounted to a reduction in solubility for a couple of
radi onucl i des, Neptunium and Plutonium And then we had a
partitioning at the drift rock interface between matrix and
fracture, and eventually invective and diffusive flow

There were sonme other things in here, too, but
those were the main swingers for the decrease.

And, also, just as a note, these SSPA-2 conditional
doses, these are estimated. W didn't actually calcul ate
those in the docunents. So, keep that in m nd.

Just a quick summary. You know, we're concerned
that the NRC nodel is sinplified, very sinplified, and
idealized. And if you took it to a consequence standpoi nt,
it would really be overly conservative. And as | said, it
doesn't at this point consider the major elenents of the
repository system

We propose to strengthen the analysis we've got in
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pl ace today for LA by | ooking at the nodel they put on the
table. The analysis we've got in the SR right now we believe
is still defensible. W don't think that the nodel they've
got in place calls into question the results that we
necessarily have for our docunents now.

And we expect our planned studies will continue to
show | ow doses. W don't expect this to be a major concern
froma regul atory standpoint.

| think that's all | had. D d | have one nore
bullet? No nore bullets. That's all | had.

KNOPMAN:  Thank you, Eric. Questions fromthe Board?
Staff? Jerry Cohon?
COHON:  Cohon, Board.

Could we go to Slide--1 think we may have a
difference in nunbers--it's 7 or 8. Let's start with one--
no, 8. That last bullet, in your description of it, you said
assum ng that all of these things happen. [If you make that
assunption, then why would you use probability of weighted
dose as opposed to just dose?

SM STAD:. W could calculate it either way. This is the
manner in which we will submt--probability wei ghted doses

that we will submt for the license application.

COHON:  No, this is nore than a calculation issue. This
has to do with a comunication issue. |f you assune it's
going to happen, the probability is one; right? So, what's
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the logic of using probability weighted dose if you assune
it's going to happen? What's the rationale?

SM STAD: |If we assunme that their nodel is going to
happen, or just an event period?

COHON:  No, if you assune the event is going to happen.

Isn'"t that what you were assum ng there?

SM STAD: Yeah. |'ve got someone raising their hand in
a hurry here. Do you want to take it, Bob?

ANDREWS: This is Bob Andrews with BSC.

| think the distinction is we break the parts into
the initiating event, and the probability of the initiating
event occurring, and then all the subsequent consequences
that may result given that initiating event. And | think
what Eric is tal king about here is we have not--with these
nunbers, we have not assuned the initiating event. W still
have the probability of the initiating event in those
nunbers. But then all the subsequent things have been set to
probability of one.

So, if you break the initiating event fromthe
consequences, and you're absolutely correct, the associated
probability of the consequences, not of the event, but of the
consequences, we've set the probability of all those
consequences equal to one, not the initiating event.

COHON: Thanks.

SM STAD: | m sunderstood your question, sir.
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KNOPMAN:  Knopman, Board. 1'mgoing to just junp in
here with a quick clarifying question.

You said early in your presentation, Eric, that of
course this is all going to be backfilled. D d | understand
that correctly?

SM STAD: The drifts right now we're not planning on
backfilling. But the mains on either side of the drift we
pl an on backfilling.

KNOPMAN:  Ckay. That was not clear to ne.

Paul Craig?

CRAIG The 2 to 3 MR per year is areally interesting
nunber. You multiply it by the 10 to the eighth and you're
up to fractions of a nmegarem This is the kind of dose which
kills people very quickly if you get it for a period of tine.

| said the 2 to 3 mllirens is a nunber which, if
you nultiple by 10 to the eighth, because of the probability
of 10 to the m nus eighth, gets you up to 200, 000, 300, 000
rems, which is really getting into quite a significant dose.

Presumably it wouldn't be delivered all at once, so people
woul d have, in principle, tine to | eave. But neverthel ess,
that is the kind of dose that kills people in a very short
time. These are doses that play out over soneone's lifetine.

SM STAD: Over a long tinme. They may not be chronic.

CRAIG That's right. That's not the right way to | ook

at it, but it's getting up into really very, very |arge
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doses, and we hope the probability of that is extrenely
small. But in ternms of--
ANDREWS:  Let ne clarify, Paul, if | can interrupt for

one second, wth all due respect.

The 10 to the mnus 8 is the correct nunber, or
t hereabouts. This is Bob Andrews again fromBSC. |'msorry.
Annual probability. W nust consider these with the
integrated, if you will, probability over the tinme period of
interest. And the tinme period of interest for these anal yses
is 10,000 years, although we conduct our analyses well| beyond
t hat .

So, the appropriate probability you should use here
is probably the integrated probability, because each
subsequent event has its probability, annual, and its

associ at ed consequence, which are then sumed in the

anal ysi s.
CRAIG You're absolutely right. And we've gone around
the ot on the--problens of displaying this kind of high

consequence, |low probability information, and we're probably

not done with it.

But that wasn't actually the main question | wanted
to ask. In terns of your concerns with the NRC anal ysis, you
seemto be focusing on the details of the dynam c anal ysis.

That's where you're concerns are. |Is it correct that you

have no problemw th their observation, which is a new
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observation for ne, that when you heat up the canisters, the
enbrittl ement changes, so they're subject to--the nmechanica
properties of the C 22 change dramatically when they're

heat ed up, and presumably their corrosion resistance property
is also changed, so there will be a whol e set of consequences
Wi th respect to transport down into the--through the UZ into
the SZ into the biosphere? And probably these are not
significant froma probabilistic point of view but at |east
one should be aware that a whole set of other nechanical and
corrosion properties probably do change.

SM STAD: We haven't |ooked at this in detail. W're
not at this point ready to say the packages turn to dust and
are going to head down or head up. | think that's a very
conservative assunption to nmake at this point.

So, we haven't | ooked at canister danage. And the
other thing really is is how long are these packages exposed
to these conditions? That's really a key point. Britt nade
that point as well. And nmaybe they're not exposed to these
conditions | ong enough to where they change, turn into

sonet hing el se, they get ductile, they turn to dust,

what ever, and that's sonmething we still need to | ook at.
KNOPVAN:  Dan Bul | en?
BULLEN: Bullen, Board. Just could we see Figure 9
briefly? 1 just have a point of clarification. Maybe it's
not. It's maybe your 10. Keep going. Okay.
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| guess | want to know if it's actually 500
mllirem and then 125 rem or should that be 500 remfor the
nmean conditional dose on the intrusive scenario? |Is that a
typo?

SM STAD: | don't believe so. Are you worried about
t he- -

BULLEN:. Well, | just wondered how you scal ed, because
t he mean probability weighted dose was .2 mlliremat greater
t han 10, 000 years, and then for SSPA-Volunme 2, it was .O05.
And so | look at the scaling there, but then I've got a 500
mllirem and then it goes to 125 renf

SM STAD: Yeabh.

BULLEN:. Wiich is it? Is it mlliremor rem | guess is
t he questi on.

SM STAD:. That's probably a typo. Do you know, Bob?

BULLEN: You don't have to answer now. | just am
curious as to what it mght be.

SM STAD: Shoul d be the sanme factor of 4.

BULLEN: Ckay, thank you.

KNOPMAN:  Let ne just call on Leon Reiter

REI TER  Again, when you | ook at the probability
wei ght ed dose, there's a conditional dose. As you pointed
out, the probability wei ghted dose takes into account
reduction in solubility, the flow focusing factor, and I'm

not sure if that transl ates.
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SM STAD: From here to here, is what you're talking
about. We'll check on that, Dan. | believe it should be the
same factor.

KNOPVAN:  Ckay, we will | ook forward to sone
clarification on that for confirmation.

D ck Parizek?

PARI ZEK:  Pari zek, Board.

At one point, you stated that the waste packages
coul d be brought to the surface in a weakened condition. |If
the dike has a 1 neter assunmed w dth, all waste packages are

bi gger than a neter, so won't they get hung up? Their
contents mght get to the surface, but could the packages
conme up a crack that's only a neter w de?

SM STAD: Coul d the package itself conme up?

PARI ZEK:  Yeah. That's what | thought you said, that
t he packages coul d be brought to surface.

SM STAD: Well, essentially--well, that's essentially
what we're assumng in our current analysis, and that
sinmplified exanple | was tal king about as well. W' re not

really worried about the package in this particular analysis.

We're just assuming everything cones up. |In fact, that's
probably a very conservative assunption as well. | don't
know that all the material, i.e. the fuel or the waste, is
going to make it to the surface. Sonme of it's probably going

to be trapped in the drift itself. Not all of it may be
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entrai ned through the conduit. There are a |ot of
conservatisns still enbedded in the analysis we have on the
tabl e right now

PARI ZEK: That was al so a point with your exanple or
case two where you contain it all within the drifts
underground. But then the question is what fills the drifts?
You ought to have sone materials in there that crystalli zes.
It's not going to be Tephra, is it? Wat do you assune is
going to fill the drifts if this doesn't cone to the surface?

SM STAD: R ght, it would eventually crystallize.

PARI ZEK: It's a dike that's not Tephra. |It's a dike
that's--that could encase sone of the waste packages?

SM STAD: It coul d. | mean, that's conceivabl e. I
mean, there could be sone credit taken for that. It's all a
function of the duration of the event and the pressures and

the tenperatures. But it's sonmething that we'll |ook at as
well. It may be lower on our list, but we'll take a | ook at
encapsul ation, if you wll.

KNOPVAN:  Dan Metl ay?
METLAY: Dan Metlay, Board Staff.

Eric, could you go to your Slide Nunber 10? This
is nore of a kind of philosophical question. 1 want to cal
your attention to the first bullet where you say that the NRC
nodel is sinplified and, thus, overly conservative. O

course, DCE nodels are often sinplified, and the | AEA/ NEA
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peer review said that one of your nodels not only is overly
conservative, but is incredible.

So, the question is how does the DOE devel op
concerns on sinplification and conservatisn? |Is there any
kind of standard that you would use to say one nodel is
sinmplified and overly conservative, but another nodel is
appropriately sinplified and appropriately conservative?

SM STAD: | think you' ve got to | ook at several things
there. | nean, you' ve got | guess in the classical sense,
you |l ook at the data and information. You |ook at expert
j udgnment, perhaps. And that's what we're doing in this case.

That's really the main way we | ook at this.

But what |'mtal king about in this bullet is if you
took what are sinplified assunptions, and we don't think
they' re necessarily real in our system that if you carry
that forward to a consequence cal cul ation, that you would
i ndeed be conservative. That's expert judgnment in a way.

COHON:  This is Cohon. Just to try to get out of this,

will you accept a friendly anmendnent that you delete the word

"t hus"?

SM STAD:  Yes.

COHON: It's not being sinplified that necessarily
results in being overly conservative. |It's the sinplifying
assunptions they chose to use.

SM STAD: Yes.
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COHON: Okay. So, it's the "thus" there | think that's
bot hering our phil osopher.

SM STAD:  Ckay.

KNOPMAN:  Okay. Leon Reiter?

REI TER: Eric, could you put the cost conparison slide
on, please?

First of all, I want to correct nyself. Indeed, it

could be a msprint, because the effects of reduced

solubility and the drip shadow effect would affect both

doses.

SM STAD:  Yes.

REITER. So, it probably is a msprint.

SM STAD: Yeabh.

REI TER: But on the other hand, if we can take that
apart, we see the very large increase in the TSPA-SR and

SSPA, Volune 2, and | went back and started | ooking at sone
previ ous cal cul ati ons, going back to 1991, through the years
| ooking at the VA, and the eruptive release, and there's no

doubt that the nunbers have increased trenendously since

then. 1It's been nonotonic.
Back, you know, ten years ago, and nmaybe even the
VA, you had eruptive doses that could neet the criteria even

wi thout the probability weighting. And now you have doses
that are up in the order of perhaps, you know, tens or

hundr eds of rens. Is there a historian of PA around here to
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tell us why? 1 don't know if there's any other exanple in
t he PA where you have this nonotonic increase throughout the
years. Can you or sonebody el se answer that?

SM STAD: Go ahead, Bob.

ANDREWS: This is Bob Andrews, BSC.

"Il talk to VA. Going back nmuch beyond that, 1'd
have to open up the books, | think. But for VA there were
two key assunptions docunented in the VA that were driving
the fact that the wind dispersal of the eruptive event was
not transporting any radionuclides to any receptor at a, at
that time, | believe we were using different distances, |ike
5 and 20 kil oneters.

One of those is the grain sized distribution of the
eruptive materials thensel ves, the Tephra sizes. At the tine
of the VA, and |I'Il get the nunbers wong here, but they were
on the order of mllineters grain sized distribution, to
centinmeters. But it was in that sort of range of grain size.

When we put it into the analysis nodel report and
used information from Argonne on possi bl e expected grain size
di stributions, those nunbers decreased by about a factor of a
hundred, | believe. So, it's down in the less than a
mllinmeter, tenth of a mllinmeter sort of range. So, they
were nmuch nore transportable to that distance.

In other words, in the VA the Tephra woul d have

been, although |I don't think we ever plotted it, would have
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been within kiloneters of the event itself, not tens of
kilometers within the event itself.

The ot her aspect | believe had to do with the w nd
speed, and the wind rows that were used in the VA, W
actually used a wind row and a wi nd speed corresponding to
fairly low el evations, |ow heights, if you will, of eruptive
events.

In the SR, both the wi nd speed and the hei ght of
the eruptive event were nore directly and appropriately
considered. So, again, allowing for greater in this case
down wi nd di spersal of the Tephra materials.

So, those two fundanmental differences between the
VA and the SR gave the difference between essentially zero
dose, | don't know what the nunmbers actually were, but they
were 10 to the mnus 6, or 10 to the minus 7 mllirens per
year, two nunbers that you see here that Eric has presented.

KNOPMAN:  Thank you, Bob

| think we'll nove on now Steve Frishman is our
next speaker. Steve is a geologist with the State of Nevada,
is well known to the Board. He's appeared before us nany

times, and he's got sonme comments on consequences of igneous

activity.

FRI SHVAN:  When | put these comments together |ast week,
| didn't realize how sobering it would be to tal k about the
representation to decision nmakers about future | ow
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probability, high consequence events. And | think maybe it's
alittle nore telling now than it was before.

This will be sort of a continuation of the
undercurrent discussion that's been going for a couple days
now about how i gneous events and their consequences are
represented. And | became particularly concerned about it
when | | ooked through the suite of docunents that have fl owed
out over the last few nonths, and finally at the prelimnary
site suitability evaluation itself, and as you know, and as
you, | have been concerned about this representation for a
long tine.

So, | wanted to go through a little bit about how
it is represented by DOE, why it's represented this way,
primarily on direction of the NRC. And then just a few
comments that people have made about it, and then try to
unwind it so that a normal person m ght be able to get a feel
for what is advertised by DOE and recogni zed by everyone
t hrough the existing performance assessnents.

O her than the container failure directly, this is
the only failure node for Yucca Mountain repository, so
peopl e shoul d have a cl ear understanding of what it does
nmean, regardless of its likelihood. Because it's obvious to
anybody that there is sone |ikelihood, if you stand on top of
Yucca Mountain and | ook at vol canic cones that are young,

then it is obvious to any decision nmaker who woul d recogni ze
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a volcanic cone that there is sonething going on here.

So, if we start out with howit's represented in
the prelimnary site suitability evaluation, and | think
we' ve all seen these curves, it's arelatively sinple
representation if you can understand what the curves are, if
you can do it without color, if you can get a feel for why
the two are different, the two curves are different.

So, this is one of two figures in the prelimnary
site suitability evaluation that's supposed to tell you about
t he di sruptive volcanic event. And as we all know, these are
sort of conposite figures. One of the reasons that the
curves are different is that the probability of intrusive
versus extrusive has been changed between these two cases.
The dose conversion factors have been changed between these
two cases, and Eric told you about a couple other things that
had happened. But it's not clear fromthe docunent why
they're different, and it's also not clear fromthe docunent
why they appear to be essentially negligible doses.

This is the other of the two figures in that sane
prelimnary site suitability evaluation, where the nom na
case has been conbined with the vol canic case, or the igneous
case, and again, there are questions about why does it | ook
the way it does, and why did the nom nal case not have it in
the first place. But this is the second of the two figures

presenting the only failure node other than failure of the
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wast e contai ner under sort of operating conditions.

Now, why is it being done this way? The reason is
because the NRC said to do it this way. And here's the NRC s
direction fromthe issue resolution status report that DOE is
following literally and feeling that if they do this, then
t hey have properly represented risk of igneous activity in
the failure of a repository. And these are the words that
are being foll owed.

"Under the proposed 10 CFR Part 63 rule, the
expected annual dose is used to determ ne conpliance with the
proposed performance objectives. Expected annual dose is the
dose wei ghted by the probability of event occurrence, i.e.
risk, with the maxi mum annual risk during the post-closure
period used to determ ne conpliance.”

So, what we have is the invention of a new word, or
a new phrase, and that's "expected annual dose,"” which
actually means risk, according to NRC speak. And it's that
pair of sentences that is at the root of why we're even
havi ng this di scussion.

Now, ot her people have noticed that there is a
l[ittle bit of a problemin this representation. And the
first tinme it really became clear what the problemwas and
how big it was was when the International Peer Review G oup
on Bi osphere starting | ooking at effects of volcanism And

we had a | ong discussion, | happened to be invited to that
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nmeeting, along with sone others, and it took about 15 or 20
mnutes, with the help of Bob Andrews, to figure out what the
curves actually neant. And then all of a sudden, it sort of
dawned on everybody that this is what's going on

But here's ultimately what that Peer Review G oup
said in their final report, because they stunbled across this
probl em of how you represent igneous disruption.

"The IRT--that's International Review Team -
suggests that even if probability-weighted dose is the main
output required by the regulator, it would be desirable to
present disaggregated information (doses and probabilities).

This information would nore clearly illustrate the nature of
the potential inpact, so as to better informdecision nakers
and other interested audi ences."”

Pretty clear fromtheir International Peer Review
Group, who accidentally unearthed this probl em of
representati on.

Now, | won't |eave this up too |long, because you're
all very famliar with it. You, alnost a year ago, said
essentially the same thing in a letter to the Departnent of
Ener gy.

Since | becane concerned about this, |I've witten
two papers for various reasons about this problemthat have
been published both in proceedings of VALDOR, which is a

conference that is held in Sweden every couple years on the
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t henme of the values and decisions on risk, and | tal ked about
it in that paper, plus in another one, Environnent Reporter,
where essentially I'"msaying the sane thing. Wat's
happening is there's a mani pul ation of the neaning of dose
and risk, and it all cones fromthe expected nean annual dose
definition that the NRC set up as a neans of inplenenting
their risk informed performnce based regulation to a point,
in this case, to a point of sort of ridiculous

i npl enent ati on.

Now, let's |ook at the sanme curve and start seeing
if we can understand anyt hi ng about those two curves that
were in the prelimnary site suitability evaluation. This
first one, we can nmake it a little bit clearer when you take
the colors away, make it a little bit clearer by saying which
pi ece of which curve is which. This is actually conbined al
the way through. This is the nom nal, and you see the
connection here. This is igneous, w thout conbining.

So, we see how they conme together. This is the
conbined. This is the unconbined igneous. This is the
nomnal. W're pretty famliar with it. And, now, over here
what we have is nmean annual dose, which is, according to NRC
speak, a msnonmer. It actually should be expected nean
annual dose, if you're following the prescription on howto
do the calculation. And, in fact, it should be risk, because

t hen people have at |east a possibility of understandi ng what
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this graphi c neans.

And now we take the second one, and have to do a
ot nmore witing. Start out, we make sure we understand
whi ch curve is which, and as we tal ked about before, and as
Eric did, we have sone understanding of why the two of them
| ook different now If we're going to unrisk inform and
actually I ook at consequences, we have to sort of up the X
axis a little bit, because we're dealing with a probability
of 10 to the mnus 7 per year.

So, if we start |ooking at what the consequence
woul d be without risk information, you recognize this 13 rem
fromEric, but this 13 remis not even a very clean picture.

If you |l ook at the description of where this 13 rem cane
from and it cones very deep in another docunent, and I'|
show you where that is in a mnute, if you | ook at where this
13 remcones from | agree with that nunmber, with the
understandi ng that that 13 rens represents a dose that does
not include an inhalation dose, and it's in the eruptive
case, and the inhal ati on dose that we would have to add to
that is on the order of 3 1/2 renms per hour for the nunber of
hours that the eruption is actually dropping ash in the
RMEI ' s corner of the house.

So, even that is not a clean nunber. But we'll
take it for what it is if we can dig through enough t housands

of pages to get to what the qualification is on that nunber
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So, what we're looking at is 13 rens at 100 years, based on
unri sk informng what is going on down here.

Now, if we look at this peak right in here out at
about 300 years, and unrisk informed agai n, neaning get the
probability out of it, we cone up with a conditional dose
fromthis curve that is somewhere between 500 and 1000 rens
per year. And we could argue about the specifics of where it
is between those two, but it's sonmewhere between those two
having to do with decay, having to do with essentially the
decay of the probability in the cal culation

|"ve been told that other people who have tried to
calculate this see it as high as maybe 13 to 1400 rens.

So, now we start cleaning it up. Now, again, we
have to nmake sure we have the proper NRC | anguage here, or
maybe the proper |anguage that other people speak. So, this
is the informati on that decision nmakers and the public should
have out of the only alternative failure node for Yucca
Mountain repository, and they're just not getting it.

| told you I'd show you where | | earned such things
as the 13 rens doesn't include the inhalation dose. And it's
in the SSPA, and if you can trace all the way down to
3.3.1.2.4, you see that they have a reasonably conplete
description of the conditional case. But you can't find it
unl ess you know what you want to | ook for, and unless you

know whi ch docunent you have to go looking in, and |I don't
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think that the interested public or decision nakers are going
to do nuch nore than maybe | ook at the executive summary of
the prelimnary site suitability evaluation that nakes
absolutely no reference to this issue at all.

So, what we're looking at is yes, it's absolutely
correct and perfectly useless, the way the information is
present ed.

Also, it's kind of interesting to get an insight
into what the Departnent actually sees is happeni ng when they
risk informthis analysis. The peak conditional dose from
eruption are significantly higher, but it reverses, and they
make it al nost sound as if the reversal is a good thing. It
turns out that if you start probability weighting it, you get
t he exact opposite effect of what the peak dose woul d be.

And | think that speaks even nore towards the ridicul ousness
of risk informng when you know that it's wong, when you
know that it gives you conclusions and nunbers that are not
only msleading, but they're invalid. They' re nunbers that
mean absolutely nothing. And | think it's clear here that

t he people who are inplenenting this understand it, and you
can interpret for yourself whether it appears that they |ike
it or not.

And, finally, just two weeks ago in Nature, the
British journal, they took a pretty hard | ook at the Yucca

Mountain program did a pretty long article, and al so an



© 00 N oo o B~ w N P

N NN N NN R R R R R R R R R R
g » W N P O © © N O O M W N B O

645

editorial. |In that editorial, they speak in a way that's
kind of interesting to interpret, because, you know, G eat
Britain has had considerable problemw th their devel oping
repository program to the extent that they ditched the
program and they're starting over again.

And in the |ast VALDOR session in Stockhol m| ast
June, there were people there who were from G eat Britain who
were actually alnost giddy with the fact that they were
getting a chance to start over and try to do it right.

So, inthis editorial, you can see the editori al
witer at Nature sort of tal king about the U S. program and
appl yi ng sonme of their new thinking about acceptability in
wast e managenent and di sposal. But | took just one |ine out
of it where they're referring to the recent report fromthe
Nati onal Acadeny of Science Panel on disposition of high-
| evel waste, the one that canme out just very recently that a
nunber of us in this roomat |east attended the | ong opening
session for. And this is what the Nature editorial witer
t hought was a very inportant point to make in their
editorial, and this is the NRC s report, the one that we're
all famliar with, and the two pillars: conpl ete openness
with the public, and external scientific peer review.

These are things that this Board has tal ked about
since before it was born, and we have | think maybe the nost

telling exanple yet that |'ve been discussing here. Wat
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happened with conpl ete openness to the public? Wat |I've
just presented is conplete confusion to the public, and a
very clear attenpt to not be open, a very clear intent to
obfuscate what the true consequences really are.

And on top of that, just as sort of a side benefit,
we have an International Peer Review Goup that told them
what they should be doing to be open with the public, and
they ignored that, too.

Thank you.

KNOPMAN:  Thank you, Steve. Questions fromthe Board?

Dr. Cohon?

COHON: Cohon, Board.

Steve, 1'd like to pursue one detail to nake sure
"' mnot m ssing sonething.

As you quote NRC, they call for the use of the
expected annual dose. Now, | interpret that to nean the
expected val ue of the annual dose, and DCE has chosen to use
the nean as that expected value. So they talk about nean
annual dose. You seemto be saying that's not correct or
consi stent, and you want to use the word "expected" rather
than mean dose. | don't see the problem It seens to ne
that DOE is being consistent with the NRC rule.

FRISHVAN. | think that the NRC invented a word or a
phrase that they define as neaning risk.

COHON:  That may be.
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FRI SHVAN:  What they've done is--what |I'mtal king about
is they have called risk expected annual dose. DOE has done
the cal cul ation as prescribed here, and they call it mean
annual dose, just as they call all of the rest of their
curves mean annual dose.

So, what they have done is they have followed the
requi renent for the type of calculation, but they have not
used the NRC prescribed | anguage. Wat they have done is
presented it as a dose, when | think we all understand what
we nean when we say dose, and instead of using the NRC s
| anguage, expected annual dose that actually neans ri sk,
which is what the calculation actually is. So, it's a
semantic thing where the NRC has defined risk as expected

annual dose, but DOE presents it as dose instead.

COHON: Well, let ne just be clear fromwhere I'm com ng
from |I'mnot in any way arguing with your main point about
how one handl es | ow probability and hi gh consequence events.

" mtal king just about the sort of semantic issue you've
raised here. | still think that what--in fact the quote you
provided--it seens to ne that if you have an issue here, it's

wi th the NRC | anguage, not the way DOE has inplemented it.
FRI SHVAN: | have two issues. | have one with the NRC

| anguage. | have another with the fact that DOE didn't use

the NRC | anguage. And if they're going to follow the NRC

prescription for cal culation, they should | abel the answer
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the way the NRC has defined the answer.

COHON:  Ckay, thanks.

FRI SHVAN.  And then at |east we'd know where to go to
try to figure out what mean annual dose nmeans on this
particul ar representation.

KNOPMAN:  Any addi tional questions for Steve? W're
going to have nore of an opportunity now as we ask the other
two speakers, Britt Hill and Eric Sm stad, to cone up to the
front here, if we can just get the table set up so that the

three of you may sit in front of us.

(Pause.)
KNOPMAN: I f we could get our speakers to get seated, we
will take a break after this discussion. 1'd |like to get
this nmoving right now

Wiile they're getting thenselves settled, 1'd |ike
to ask Nick Apted to just say a few words. Nick is with the
El ectric Power Research Institute, EPRI. And do you need the
podi um or do you want to just speak right here? You have a

vi ewgr aph? Ckay.

APTED: 1'm Nick Apted. For those of you who may not
know ne, |'ve been active in the area of safety assessnents
for high-level waste repository internationally for the |ast

15 years, and particularly relevant to this set of
di scussions, the last five years, been very active in the

Japanese hi gh-level waste repository program dealing with
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scenario analysis, particularly in their case, volcanismis
one of their key |eading scenarios for consideration.

Now, |'m a nenber of an EPRI team of experts,

i ndependent experts, that are brought in to sort of conduct
an oversight on the activities centered around Yucca Muntain
Repository Program Two of the additional nmenbers of the
team were supposed to be here. O course, because of events
in the East Coast, have been unable to arrive. So, |'m going
to focus nore on ny portion of what | planned to say here.
"1l touch only briefly on sone of the points that they I
think were going to make. But I'mafraid that | don't have

t heir backup information with nme to present.

The two points we want to really hit upon, one is
nmet hodol ogy and one is the science behind this what we all
realize is a very significant, very serious what if scenario
to be considered. |'mgoing to be addressing nost of ny
comments to, if you will, sort of the resolution nethodol ogy.

For those who do scenario analysis, | think it's
all recognized that it's absolutely a bedrock principle in
using scenario analysis to resolve these type of what if
i ssues, that we approach it froma top down basis, that we
don't get lost in sort of a bottons up of what are the
wonder ful issues and sciences, studies that we can do. But
if we're going to have an effective R& programthat’'s going

to lead to sone sort of reduction in uncertainties and
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understanding and ability to have a public acceptance of a
resolution of sone of these very difficult scenarios, we're
going to need to do it in a very systematic and a very what
we call top down, consider these issues in a top down

fashi on.

And 1'll show you what that neans with respect to
this particular scenario in a second. But what | want to
comment is that fromafar, and we've not been involved in the
KTl process, it's certainly appropriate that NRC and the DCE
have identified this as a key scenario. The State of Nevada
has shown exactly the |level of concern that they should to
this inportant issue. But we're worried that the approach
seens to be a bit unfocused and unsystematic, which is,
again, very characteristic of a bottomup, sort of a rush to
judgnment of all the R&D that m ght be needed to resolve this,
versus a nore systematic approach, |ooking at it from above.

| " m sure--excuse the focus--1 nmay slide this around
alittle bit. But the point is to take this from an
appropriate point of viewin terns of international practice,
internms of trying to get to a resolution rather than
gravitate toward all of the R&D that m ght be necessary to
|l ook at this, is to | ook at each of these questions in turn.

For exanple, this sane type of approach has been
very successfully applied to the issue of colloids, colloid

i ssues of colloid formation, colloid stability, colloid
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mgration. Let's |ook at these in a sequential way.

If at any point in this decision tree we can answer
one of these questions no, we greatly mtigate, if not indeed
elimnate, the inpacts, the consequences that are being
specul ated on in ternms of this scenario. | mean, starting at
the top, and quite appropriately in the past, there's been
this probabilistic hazard for vol canic analysis. One of ny
co-speakers today was going to be Professor Sheridan, who was
a nmenber of that panel, and he had a nunber of perspectives
on exactly what was done in there, how uncertainties were
treated, and so on.

But presum ng the answer is yes, we nove on to
t hese other issues of does the dike intrude the nountain. W
heard earlier today fromLeon Reiter that, you know, one of
the experts of the Board itself has in a sense a different
aspect, a different viewpoint, a different conceptual nodel
for sone of these questions.

Britt was very firmand very infornmed on his
response to that, but I think we need to |look at this now
that there are divergents in technical opinions here.

We al so heard that, and | was very pleased to hear
Britt use the term specul ative repeatedly in his talk. |
ook in vain at the presentations to find the word witten
down that these are speculations. | think that's a key word

to keep in mnd. Speculations, good, honest technical
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experts at this stage of a lack of information, in a
specul ative state, can disagree. W need to bring those
opi nions together. They can have an inportant difference on
whet her we proceed stepw se down to the bottom of this graph
which is basically full funding of every possible aspect,
every consequence that we can see illumnated in the analysis
we' ve seen

KNOPMAN:  Ni ck, excuse nme. W have a limted tinme for
this discussion.

APTED: And that's what | was going to say.

KNOPMAN:  Ckay, that's fine. Thank you very much. And
peopl e can question you | ater.

| also just at this tine, so we get it on the

record, asked John Stuckless fromUSGS to very briefly
summari ze what the review activity is on this issue that's

going on in the USGS, so we have that on the table.

STUCKLESS:  Stuckl ess, USGS.
| can nmake this extrenely brief, because | had a
one sentence answer fromone of ny reviewers. | think that
t he assunptions invalidate the entire analysis. This is in

reference to the two papers we gave themto review But, in
essence, data existing at Yucca Muwuntain say that the
strength there is insufficient to prevent the di ke from going
all the way to the surface.

And then ny other reviewer--these are two reviewers
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fromthe CVO, the Cascade Vol canic Cbservatory, whose job is
not hi ng nore than vol cani c hazards. The other one points out
that the type of eruption being called for has never been
docunented as the first stage of a basaltic eruption. And
the types of deposits that they should nake have not been

reported at Yucca Muntain, or anywhere el se.

And then the last thing I'll address for Leon is
one of the reasons Bill Melson and M ke Sheridan do not |ike
these analogs is first of all, they have too nuch water in

them They also feel that the DOE's nodeling is using too
much nodel for these types of basalts.

And the second thing is in order to get those sorts
of expl osions, you apparently need to have a plugged vol canic
edifice. And that obviously does not exist at the early
stages of volcanism There's quite a bit nore in here,
including some math that | don't follow, but I'Il leave this
with you.

KNOPVAN:  Ckay.

SAGUES: My |? | have a problemhere, a little bit of
a big picture problem |'mhaving a hard tinme foll ow ng who
you' re tal king about, and in response to what you're talking
about, and who was saying what. Can you back up just a
l[ittle bit for some of us who may not be aware of the
intricate history of what is happening?

STUCKLESS: Al right. Very sinply, the USGS is going
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to have to comment on the site recommendation. So, the
director's office--you know, we had these two papers that
have been witten by the Center and their contractors.

SAGUES: The Center? Wio's the Center? Ckay, and now
the director, who's director?

STUCKLESS: Qurs. Director of the U S Geol ogical
Survey.

SAGUES: Ckay. I'msorry, I'mjust--1'"mvery confused
as to who's what.

STUCKLESS: I'mtrying to go too fast here.

In any event, the two reviewers were Larry Maestas
and Roger Detlinger (phonetic), both of whom are enpl oyed at
t he Cascade Vol cani c Observatory as physical vol canol ogi sts.

Okay? And this is their review, so I'll |eave that for you

SAGJES: The use of this paper.

STUCKLESS: The use of this paper.

KNOPMAN:  Thi s paper neans the paper that's been
submtted, just for the record, it's a paper that's been
subm tted to the Journal Science; is that the one you're
referring to?

STUCKLESS: They revi ewed both of the ones that the
Cent er provided- -

KNOPMAN:  Right. There is one that's entitled Mdeling
Magma Drift Interaction at the Proposed Hi gh-Level

Radi oactive WAste Repository at Yucca Mountain. That's by
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Whods, Sparks and others. And there's a second paper that--
okay, I"'msorry, that's by Wods, called Expl osive Magma, Air
Interactions by Volatile Rich Basalt, and the Dike Drift
Geonetry, and that's been submtted to Journal Geophysi cal
Resear ch?

STUCKLESS: That's correct. It's in review.

KNOPMAN:  It's in review, okay. So, the two articles
that John is referring to that USGS is | ooking at are these
two. GCkay. Al right, now -

STUCKLESS: | have one other coment fromnme, since |
know sonet hi ng about erosion out there and the Tephra
deposits, and that is that the Lathrop Wells eruption left a
record in alnost all of our fault trenches of nearly a

guarter inch of ash.

We al so have studies of erosion rates on the
mountain, and within the channel. Wthin the channel, when
we get a major rain storm we have had chains buried ten feet

deep that have been picked up and washed.

So, you're tal king about whatever |ands in the
channel being quite small, and then being mxed with up to
ten feet of sedinment scoured out of the channel. So there's
probably quite a dilution effect.

But, in terns of the hill slope erosions, very
little cones off the hill slopes except as mass | and

novenent, and that rarely makes it to the channel of Forty
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M| e Wash.

KNOPMAN:  Thank you, John

Let's get our interaction going anong our three
panelists. Perhaps Britt could start off by, if you want to
respond to the comments you'