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PROCEEDI NGS
9:00 a.m

PARI ZEK:  We'll begin in about 30 seconds for the
norni ng session. W're going to continue today on
repository safety strategy. There will be two presenters
this norning, the Testing and Analysis for Site
Recommendati on by Jean Younker, and then Introduction to
Val i dati on by Bob Andrews. Then we'll have a question and
di scussion period. There will be a break, and then a
period for public coment.

This afternoon, there will be two presentations
that relate to Model Validation, one being the unsaturated
zone exanple, and the other the waste package exanpl e.
Those will be interesting because |I guess these would be
gui nea pigs of two prograns that have gotten pretty far
into this process on nodel devel opnent.

Then there will a roundtable discussion this
afternoon starting at 3:00, and if you have the agenda for
the program you'll see a nunber of people are |listed
there. There's been sone nodification. Norm Christensen,
who was going to be the Chair for the program because of
the hurricane has left, and he has to take care of some

university business in the wake of that arising hurricane.
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So he will not be with us, but we have Al berto Sagiés,
who will be the Chairman in his place, and then |I've been
asked also to be present for that discussion. And at the
end, there will be again closing remarks and opportunity
for some public comrent.
Now, the first presenter of the norning would be
Jean Younker. She's obviously well known to everybody
attends these neetings on a regular basis. But while
she's getting ready for her presentation and com ng up, |
just want to say that she did her Bachelor's Degree in
Physi cal Science and a Master's Degree in Physical Science
and Geol ogy, and a Doctorate in Geol ogy at Mchigan State
University, has had inportant activities with the program
for a nunber of years. Prior to getting in this part of
t he program she was at Lawrence Livernore National Lab,
and held various academ c position in her earlier part of
this effort, and she has mmjor responsibilities with the
program at the present tine.
So, Jean, we | ook forward to your remarKks.
YOUNKER: Thank you. Let me say good norning to
everyone, and say that this presentation is a followon to
what you heard from Mark Peters yesterday, where Mark gave
you an indication of what kind of results we had that are
bei ng used as pretty much direct input to the first

revi sion, what we call Rev. 0 of our analysis and nodern
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reports that support the preparation of the overal
technical basis for site reconmendation.

What this one does is picks up with that testing
that continues on over the next 18 nonths, sonme of which
wi || perhaps provide a little bit of direct input to that
first revision set of the analysis and nodern reports.

But the majority of it is really what we | ook at as
confidence building and will give us additional input to
rev. those reports to go fromRev. 0 to Rev. 1, and
devel op another suite of revisions that are upgraded,
enhanced, sone additional confidence buil ding.

So what you see here that in ny--the results that
" mtal king about are ones that are really what we | ook at
as in the confidence building framework for site
recommendati on, with sone direct input.

Let nme say that tal king about an integrated
testing and analysis programis a challenge in a way,
because what we're doing as we nove through the phases of
site characterization, as |'msure the Board is well
aware, is we're focusing in on the uncertainties that
really seemto matter to total system perfornmance. W're
focusing in on those areas where if we're going to try to
bound that uncertainty rather than do a full
characterization of the uncertainty, we have to have a

strong basis for that.
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So we're in a situation where we're trying to
focus in and do that work which is nost critical,
necessary and sufficient, is a big challenge because
certainly there's some additional work that you need to do
in order to nmake sure your overall representation is good.

And so you're bal anci ng between kind of that broader
characterization of the site to make sure your processes
are understood, and filling in those data gaps where from
a performance assessnent perspective, we see the highest
sensitivity. But that's always a bal ancing act that we're
doi ng.

The objectives then that we're going to talk
about is how we use the next 18 nonths or so of testing to
build confidence in the technical basis, as |I just said.
We need defensible process nodels to give us the basis for
our total system perfornmance assessnent, and as | just
said in general terns, in some case, you heard Bob Andrews
tal k about some of those will be what we call reasonable
representation. Sonme will go to a bounded representation
because we believe the uncertainties are such that it's
really appropriate to bound it rather than attenpt to
fully characterize the uncertainties and so with the nore
reasonabl e or broader representation.

We al so have to make sure that every alternative

interpretations that are consistent with the | evel of
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information that we have are considered. And as |'ve
poi nted out, characterizing the uncertainties to support
the sensitivity studies is just absolutely critical. You
remenber |'m sure some of you are famliar with our peer
revi ew panel, gave us a lot of input about this, and said
until you convince us you have defensible process nodels,
we're not certain that we can believe your sensitivities
and we're not certain that you should. So this is really
the focus of the next phase of our testing program

You saw this chart yesterday in M ke Voegele's
talk and I think a couple of other talks. W have now in
the revised repository safety strategy that's in DOE
review, come up with an enhanced set of factors, and from
t hose, we have a prelimnary set of what we're calling
principal factors, and M ke Voegel e tal ked you through
t hose yesterday.

The objective here is to get at those particul ar
el ements of the systemthat give us the highest
sensitivity to performance, and those are the things we're
calling the principal factors.

I think if you | ook at these, and you | ook at, as
M ke nentioned, the attributes of the system are
essentially the sane attributes that were in Rev. 0 and
Rev. 1 and Rev. 2 of the strategy. So our fundanental

system concept hasn't really changed. But what is
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inportant is this principal factor, performance of the
drip shield, since with the nmoving forward to EDA 11, the
new desi gn, we have a drip shield now, so we have to | ook
at all the elements and all of the ways that that inpacts
our nmodelling of the system gives us a different setting
for our waste package. So certainly some of what | talk
about, and you heard a little bit yesterday, is what does
that drip shield do to the environnents on the waste
package. You know, that gives us a different setting that
we have to characterize that we were not really working on
prior to adopting EDA II

Solubility l'imts of dissolved radionuclides is
certainly sonething that has been a key uncertainty and
sonet hing that has been | ooked at in the past, not a new
addition, retardation in both the UZ and the SZ, and
dilution at the well head. So if you |look at all of
these, | think the only one that you should recogni ze as
causing us to really |l ook at our test program and neke
sure that we have the right new efforts ongoing is the
performance of the drip shield, and the inpact of that on
t he waste package environnent.

Okay, what we're going to do now for the rest of
this talk is to sinply tal k through, picking up where Mark
Peters left off, first the testing that's going on for the

natural system and then we'll go to waste package, waste
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form materials work that supports the drip shield, as
wel I, and then the engi neered barrier system as the
overal |l design concept stands right now.

The way |'ve set this talk up, in the back of Bob
Andrews' talk yesterday, there were sone slides that
descri bed the kinds of enhancenents and i nprovenents he
expects to make, or he expects to have in the underlying
process nodel s that support the TSPA for SR. And so what
|'"ve tried to do is pick up on a few of those just to give
you an i npression of what the testing and anal yses bases
will be for sonme of those inprovenents that Bob shows w |
be made in the SR, TSPA process.

So in terms of seepage into drifts, one of the
principal factors in our proposed set, one of the things
that we're doing here is to give additional bases, and
certainly Bo Bodvarsson will talk a little bit about this
| ater, we have sone approaches of contrasting the results
that you get when you calibrate with test data from both
the SF and cross-drift, our two approaches, our continuum
nodel i ng, 3-D dual continuum nodelling versus discrete
fracture nodel ling.

When you run both of those nodels and get
essentially the sane results using the test data that we
have, you then have sone confidence, nunber one, that

usi ng that continuum nodel ling approach, which is a nuch
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easi er approach, is a valid approach, gives you
confidence. Also just the fact that you're using two
di fferent approaching getting approxi mtely the same
result gives you sone confidence that you have that
process adequately nodel | ed.

So this area is one, seepage into drifts, where
in the next 18 nonths, | think we believe we'll get sone
addi ti onal confidence that will give us a better chance of
def endi ng our position at the tinme of site recomendation
with some of the results that I'"mgoing to nention in the
rest of the talk.

The unsaturated zone flow and transport, we have
sone additional realistic 3-D flow fields by using nore
calibrations. W are getting sonme |ab and field studies
that give us better results for the vitric Calico Hills--
and this was a big topic yesterday, and |I'm sure we'l|l
cone back to that today.

The point here is that our |ab studies show that
we are getting good capillary flowin the vitric Calico
Hills. W can show you, or show the community that we
need to convince, that the vitric Calico Hills is
avai l abl e for us under the enpl acenent area, such that we
can take credit for sorption in that unit. That will give
us a big potential inpact on performnce.

Conservative estimtes for matrix diffusion in
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the zeolitic Calico Hills, another place where we're
getting sone additional information that will give us
i nproved basis for the way we nodel UZ flow and transport,
calibrating again with test results from Busted Butte, as
| just said.

Okay, for saturated zone flow and transport,
again, we have nore realistic 3-D flow fields, updated
hydr ogeol ogi ¢ framework nodel, and using new geol ogi c
mappi ng results, getting conservative estimtes for
sorption and matrix diffusion in the alluvium and vol canic
aqui fers, and we'll come back to this in a little bit as
to what information we'll have, kind of in what tine
frame, using calibration with test data fromthe C-wells
as well as the cooperative programw th Nye County that
you all heard about in your |ast neeting.

Okay, what we're going to talk about in the next
couple of slides is some of the testing both that
continues in the ESF main drift, as well as some of the
testing that we intend to do in FYOO and sone of it goes
into 01 that will give us sone additional information from
the cross-drift down in that |ower lithophysal unit that
we haven't really adequately characterized at this point.

So this information will give us sone really good
confirmation that the nodels, the process nodel s that

we're using are adequate, based on the data that we've
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coll ected up here in the ESF.

And some of what |I'm going to tal k about picks up
on what Mark Peters had said. Some of what you see on the
cross-drift of course is planned, not already in
exi stence, where the al coves and niches that you see in
the main drift for the nost part are, | guess all of those
are conplete. This is a little confusing because it m xes
what al ready exists with what is planned.

For the cross-drift then, the bul khead studies
that Mark tal ked about yesterday will continue. W'II| get
useful information on noisture and seepage fromthe | ower
l'ithophysal unit, as well as the | ower non-Ilithophysal
unit. Mark showed you along the cross-drift where those
units are exposed. Minly the inportant information we're
getting here on the lower |ithophysal gives us a chance to
get sonme additional information there, and sone new
information there that tells us how representative the
results are that we have been getting fromthe ESF.
Simlarly in the I ower non-lithophysal units, and the
Solitario Canyon Fault zone.

For the cross-drift and niche studies that
crossover Alcove 8, at the crossover alcove here is where
we're tal king about--we'll have flow and seepage testing
goi ng on between the cross-drift and Niche 3 in the ESF,

so this will give us sonme really valuable information
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providing field scale data for the inportant UZ fl ow
seepage and matrix diffusion. But the inportant point
here is by setting that test up the way it's desi gnhed--
"Il have a picture in a mnute that will hel p understand
and visualize that test--we are going to be able to get
seepage and matrix di ffusi on measurenents over scal es of
tens of meters. You know, nobst of the neasurenents so far
have been on the order of a neter, or so. This will get
us out into tens of meters that begins to get at the scale
where it's really inportant to | ook at for repository
performnce.

Okay, in Niche 5, also along the cross-drift, we
do some hydrol ogic characterization with the air
perneability and seepage testing in sone systematic
borehol es, and this again will get at seepage process
data, data on variability and hydrol ogi c paraneters, and
again get at inproving the overall seepage nodel in that
| ower |ithophysal unit, which makes up such a | arge
percent age of the repository host rock.

Okay, a picture now for the cross-over al cove,
the one at the intersection or at the point where the nmain
drift is crossed over by the cross-drift. This is the
Al cove 8 setup. This is the one that will allow us to get
at some tens of nmeters of scale of seepage and

infiltration. This will be a really valuable test.
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And on this one now, | think this one |I have
comng up in just a mnute, sone dates that will tell you
what our current plans are, given budget assunptions, for
when we should start getting sone test results fromthis
one, as well as fromthe next one, because | know that
that's of interest.

For Niche 5, Niche 5 is out here al nost under the
crest. For Niche 5 again, the kind of testing we could do
to get at the performance of the |lower |ithophysal unit,
very inmportant testing, and the question of schedul e--1
think this one is probably not as easy to talk to as the
next one, but you'll notice that what we've highlighted is
that for, this one is Alcove 8, which is the crossover
testing, Niche 5 out in the mddle of the cross-drift, and
then the systematic characterization in the boreholes,
this would be all of these feeding to Rev. 1, meaning in
the time frame of July of O00. So we're at the
poi nt where we can get sonme information that will help us
to build confidence in what we had in Rev. 0, as we do
Rev. 1, begin to gain confidence that we have the right
set of processes, particularly in this |ower |ithophysal
unit that | know the Board had sone concern about.

The next page | think gives you a better picture
of that schedule. In ternms of Alcove 8, the current plan

is to start very soon with the excavation, starting with
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the drill and blasting, and then roadheader. Coring to
start in January. Testing setup in February. And you saw
when the first feed of data cones from Al cove 8 on the
previ ous network chart.

For Niche 5, again, starting early in cal endar
year 00 with the testing setup, the second phase comng in
the mddle of 00, and the systematic characterization
holes out in the April and May tinme frane.

So | think you can see that we are putting sone
hi gh priority on getting sone data fromthe cross-drift as
soon as reasonably possible, to get at this question of
representativeness of ESF results when they do not
represent that |ower |ithophysal unit.

Okay, now, tal king about ESF results, the
addi tional work that will continue in ESF, we tal k about
Alcove 1 and we'll talk about 7, and then the niche
studi es al so. Okay, for the Alcove 1 and niche studies,
this picks up on what Mark tal ked about in ternms of fl ow
and seepage testing that helps us with the EIl Nino
effects. One inportant thing that we can do with the
ni che studies that's planned and isn't quite described on
this slide conpletely, but one of the things we want to
get at is the variability that will help us to understand,
and Bo will certainly elaborate on this, this whole

questi on of whether we have a seepage threshold in effect.
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And t hrough the niche studies that we have set up for
FYOO, we are going to be able to nove fromone that's
conpleted in a Niche 2 that has a nedium perneability
setting, to Niche 3 which is going on right nowin a | ow
perneability setting, to Niche 4 with high perneability in
00.

So what we should be able to do there is to get a
sense at | east for how that seepage threshold perforns in
rocks of different perneability, and that should give sone
i nportant information to us in order to determ ne whether
we are going to be able to use the seepage threshold as an
actual performance constraint.

So the overall testing then inproves the
confidence in seepage and matri x diffusion, expanded basis
for climate effects because we're | ooking at the
variability in infiltration rates and the inpact that has
on seepage.

Al cove 7 noisture nonitoring, this is the one
that Mark tal ked about yesterday where very interestingly,
we see the return in that area that has been bul kheaded
of f around the Ghost Dance Fault, you see it returning to
anbi ent conditions even though the fault is present. So
that's giving you sone good information. If that
continues to show, that is, if that continues to be

observed, then we certainly have sone good indication of
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what role at |east that the current conditions of Ghost
Dance Fault is playing or not playing.

For the validation studies relative to the
chlorine tracers, chlorine and chloride nmass bal ance,
there is, as | think Mark nentioned this yesterday, there
are two ESF bonmb pul se | ocations, Sundance Fault and
Drillhole Wash Fault zones, where we will do sone
addi ti onal sanpling and neasurenent to increase the
under st andi ng of whether these are in fact zones where we
have preferential pathways, also using the chloride
distribution to calibrate UZ fl ow and transport, which Bo
will come back to later, and conpleting sone mass bal ance
studies. So this whole area is one that is in progress,
will continue to benefit from our understandi ng of that
work as we nove forward from current understanding into
Rev. 1.

For Busted Butte, again, it's just a continuation
of the data analysis, but going to that Phase Il study
t hat Mark showed you the picture where it's a nuch | arger
vol une of rock that's being characterized, gives us the
i nportant matrix diffusion and sorption data in the non-
wel ded Calico Hills, and we know we have an issue there
that we've talked with you about how representative or how
applicable that is to the volume of rock under the

enpl acenent area, and that is something that we are going



255
to have to spend sonme time considering how we nmake that
case.

And | think the inmportant thing to understand,
given the discussion we had yesterday, is that exactly how
the vitric and zeolitic areas are displayed or aligned
isn't really the inportant factor. The inportant factor
is what kind of reliance we're going to place on those two
types of units within the Calico in the performance
assessnment. You know, what are we going to try to defend,
in nmy view at |east, not exactly where the transitions are
in the rock properties.

For testing and anal ysis addressing thermal
effects, the thermal test continues of course for four
years, cool down for four years, and post-test
characterization. You all know, you' ve had many briefings
on this test, large scale thermal effects on seepage,
hel ping us to get bounds on chem stry and the anmount of
wat er contacting the EBS and the waste package, and we'l
| ook at this test in terms of ways that it can help us
address the questions related to the |l ower thermal | oads.

You heard Mark yesterday nention that we are
seei ng sone noi sture changes even bel ow the boiling
tenperature zone, and that that's inportant to understand
what kind of thermal effects will you have, even if you

don't boil. You know, if you go to the |onger term
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ventil ation period, you end up with a non-boiling drift
wall, you're still going to have to | ook at what Kkinds of
ef fects you have because of the el evated tenperature.

Cross drift thermal test is planned to get that
sane kind of information in the lower |ithophysal, which
you know as | nmentioned is the mpgjority of the host rock.

That will expand our data for thermal effects on seepage,
performance of the drip shield, giving us a basis for
performance of our drip shield and waste packages, give us
i ncreased confidence in the process nodels. And this one
is out in license application time frame under current
schedul es. This one certainly isn't going to be set up
and giving us any results that are going to be useful to
us in site recomendation tinme frame under current

schedul es.

The saturated zone principal factor, inportant
col | aboration going on here with the Nye County program
t hat you've heard about. The role of the alluvial aquifer
has certainly beconme sonething of interest to us. W
won't be able to get information on that, particularly in
the early site recommendation tinme frame, but we certainly
will get some additional information to help us with fl ow
pat h characterization and sone at | east hints of what kind

of performance you m ght get out of the alluvial aquifer.
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I nteracti ons between tuff and carbonate aquifers
are inmportant, as well as the field scale transport in the
saturated zone.

Now, natural anal ogs came up several tinmes
yesterday, and the Pena Blanca site is one that we have
tal ked about | think with you, and I'Il nmention a couple
poi nts about that, and then there are other analog sites
that will be |looked at. There's a little bit of work
funded in 00 that will help us |I think bring natural
analogs in to the extent that we could use themto help
val i dat e nodel s.

Pena Bl anca anal og site for transport of uranium
and daughter products, the past work has focused on the
open versus cl osed system behavior, timng and rate of
m gration of the uraniumand thoriumtype of isotopes.

The results so far suggest stability of these isotopes
over long tinme franes, on the order of 300,000 years. So
you're tal king about sonme useful information, perhaps not
as useful for our site as it could be, but it's stil
interesting, and fromthe standpoint of building

confidence in the general way that these elenents behave

in a natural setting, it is probably of use to us.

There will be sonme planned drilling to provide
rock and water sanples that will give us sone initial
val i dation of transport rates.
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The other analogs, and I'Il just nmention these,
and | think Bo will pick up on a couple of these, both
| NEEL and Hanford, we have some work in our FYOO plans to
| ook at, particularly at Hanford, at tritium plume
m gration in saturated zone alluvium That should hel p us
build some confidence in handling dispersion. W can
conpare results of our nodelling with the PNL results of
the nodelling that they' re doing for that plunme. So
that's at | east one area where we can do a little bit of
benchmar ki ng and/ or buil ding confidence, simlar sonme
pl ume nodelling at I NEEL, which I1'lI|l leave for Bo to talk
about .

Anot her one that is interesting, | think Walter
Mat yski el a nenti oned yesterday about potential for using
any kind of geothermal or igneous intrusion as a potenti al
anal og for mneral alteration. W have a little field
study planned at NTS to look at a cell to see whether or
not you can get any kind of an understanding of potenti al
alteration by |ooking at igneous intrusive bodies, or
geot hermal settings.

I think this is one, just as an aside, we've
| ooked at this a number of tinmes, but one of the things
t hat the geochem sts have often clainmed is that you have,
in a sense at least, a nice natural analog right in Yucca

Mount ai n because you know t he vol canic rocks there have
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cone through that tenperature alteration period as they
were erupted and cool ed. And so when you kind of go
backwards and | ook at the kinds of alterations that have
occurred, you in a sense can gain a | ot of understanding
about the kind of alteration you will have when you heat
t hem back up

Ot her ones you m ght have heard about, other
anal og studi es you' ve heard about that are not being
wor ked on in 00 are--there was sone work at a Russian
site, as well as Okro that we have tal ked about in the
past, so we're not doing any work on those in 00. And
ri ght now, nothing is planned with regard to anything at
the Nevada Test Site outside of our work.

Okay, nmoving along to the waste package and waste
form including the materials testing that supports drip
shield, since we kind of lunped the materials testing
t oget her because it nmkes the npbst sense, since both
titanium and All oy-22 need to be | ooked at through the
sane set of conditions and environments. The inprovenents
that we think we will see, and you see this if you look in
Bob' s backup yesterday, performance of the waste package,
we're going to have a better anal ytical basis, nmechanistic
anal ysis for the kinds of defects, the kinds of early
failures that we will need to include in our nodelling.

We're going to include additional corrosion
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mechani snms, stress corrosion cracking, get additional
confidence of long term phase stability, and then the
effects of aging, thermal aging particularly, and | think
Joe Farmer will have nore to say about these when he talks
about validation of these nodels this afternoon.

Al so, of course, new data on corrosion rates, and
as Bob nentioned yesterday, we are noving froma bases
pretty much from our expert elicitation panel inputs, now
to having some good | aboratory data, as well as sone data
that we can bring in fromother industrial experience in
the case of titaniumthat will give us sonme additiona
confidence in our nodelling.

Ot her inprovenents; the solubility limts for
di ssol ved radi onuclides. Here's one where a reasonably
bounded representation for SR will be our basis. There is
new data on the relatively inmobile radi onuclides. W'l
tal k about these a little bit nmore as |I go through what

the test prograns actually are.

There's sonme related factors, not principal
factors, as we have them characterized now that will also
be inproved. You know, you understand that as we wal k

this line between principal factors and other factors, one
of the key points is that we have to have enough
under st andi ng and enough bases for the ones that we are

not calling principal factors to be able to convince the
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world that we have that right, that in fact they are not
maj or contributors to performance, and they don't have
maj or sensitivity if we go to a bounding representation
for that factor.

So col | oi d-associ ated radi onuclide concentrations
is certainly one of those, and | know colloids cane up
several times yesterday, both in near field as well as far
field.

We' Il have an inproved colloid formati on nodel,

sone new data on sorption/desorption, and the Anericium

colloid data will be added. There's a question, | think
in my notes | had a question that |I didn't get a chance to
follow up on. | don't think that will be into the Rev. 0
type or Rev. 1 type tinme frame. | think that's a little

bit further out.

Cl addi ng degradati on nodel, direct eval uation of
cl ad unzi ppi ng, we have sonme experinental work going on at
Argonne that will give us sonme direct |aboratory data on
this. Conservative bounds on initial defects, we'll talk
about that a little bit nore in a mnute.

Okay, this one is just to give us a chance to
| ook at a picture. | think you' ve seen the current
concept. Mark Peters had a couple of figures | think that
show you essentially a corrugated drip shield over the new

wast e package design with the All oy-22 on the outside.
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The drip shield concept is being |looked at. Certainly
we're not | ocked into this yet, but there are sone
questi ons about the way that type of drip shield wll
perform

As | nmentioned earlier, one of the key things
that this has done for us is to cause us to ask the
questi on what kind of environnent will exist below that
drip shield on the surface of the waste package. And so
in ternms of new drivers for testing, that's one that is
really inmportant to us.

| think I mght nention on that one one ot her
point. One of the questions, or another issue that's been
raised is how inportant it is to | ook at the supporting
mechani sm the pallet or whatever type of support we
finally end up using, under the waste package and the
rel ati onshi p between the waste package, that pallet and
the invert, and even the invert materials, sonme kind of a
bal | ast .

The question of whether you have probl ens at
t hose contacts, and the exact type of material you should
use is one that is currently being evaluated. Further
optim zation will certainly occur there.

Okay, the elenents that are npbst inportant to
performance, this came up yesterday, | think Paul Craig

asked a question about how we will get at any kind of
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fabrication, any kind of testing techniques that will help
you reduce the probability of early failure. The issue of
how you' re going to reduce any kind of stresses that occur
in your welding, at the welded units, we know that's goi ng
to be a big issue, and I think Joe Farner and | spoke wth
Paul Crai g about that question yesterday. Livernore has
sone approaches that they're | ooking at to reduce the
stresses such that the welds will not be a preferenti al
poi nt of corrosion. We think we'll have a sound basis for
our assunptions for early failure in the site
recommendati on tinme phase.

The kinds of techniques that we're going to use
for non-destructive testing are standard approaches,
proven technol ogy, ultrasonics that are used by the
nucl ear industry, so we don't think that we're going to
have a maj or technology problemthere in terns of being
able to test the condition of those welds.

Upgr adi ng the process nodel with additional
degradati on nodes, as | nentioned, that's one thing that
TSP expects fromthe waste package area. Localized and
general corrosion tests are in progress at a range of
concentrations. General corrosion rates are very |ow, and
you' ve heard sone di scussions of these, and we'll hear
further fromJoe Farner. Pitting corrosion has been

denonstrated not to be a significant factor, we believe,



© 00 N o g A~ w N P

N NN N NN R R R R R R R R R R
aa A W N P O © 00 N oo 0o~ w N+, O

264
but there is additional testing underway that will help us
build confidence in that position.

Okay, we have inproved data for stress corrosion
cracking for the Alloy 22, for Titanium 7 and the
stainless steel now that's being used as our structural
material inside of the Alloy 22.

I ndustry experience and test results on stress
corrosion cracking and crack growth under repository
rel evant conditions are available. This is one where |
think Dr. Sagués yesterday had indicated that he felt that
we had a fairly limted amount of information avail able on
Titanium 7. OQur fol ks have spent a | ot of time going out
and gat hering what information there is, and we have a
draft analysis and nodelling report avail able now that is
in review that pulls those nuclear and non-nucl ear
i ndustry experiences together and does get the information
avai l abl e on stress corrosion cracking, crevice corrosion,
hydrogen enbrittlenment in one place. And we actually feel
that there is a fair bit of information available on
Titanium 7. So our viewis it isn't quite as bleak as
what you clainmed it was yesterday, but that certainly is
avai l able for review at sonme point, and you can draw your
concl usi on about what we've pulled together. W think
that data will be adequate to benchmark the nodel and

determ ne susceptibility to these nodes by site
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recomrendation tinme frane.

Anot her issue that is of inportance is the |ong
term phase stability and thermal aging. Here, the issue
is the potential for precipitation of intermetallic phases
t hat cause areas that are nore susceptible to corrosion or
t he hydrogen enbrittl ement problemthat Titanium shows,
and stress corrosion susceptibility.

Here, we have sone accel erated testing going on.

The hydrogen induced cracking concern, there are sone
notch speci nens that are being run under boundi ng
conditions, so these are accel erated, extrene type of
tests just to get sone information that will give us sonme
early indication of whether these are issues.

You know, the general corrosion comunity
attitude seens to be that they are not, but we understand
that we have to have sonme |evel of test data available to
give us sone basis for taking the position that the
probability of those kinds of changes causing problens is
| ow.

Okay, again, another area that's of concern is
stability of the passive corrosion filnms on Alloy 22 and
Titanium 7. We have sone information now being pulled
together, again froma lot of different sources, and one
of the things | think you'll find is that fromboth this

Board, as well as from our peer review panel, they have in
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t he past told us we haven't been creative about going out
and bringing in information from outside of the project,
i nformation from nucl ear or non-nucl ear sources that is
rel evant and can be hel pful to us, and I think you wil
see our people have done a lot of that as we noved into
this phase of the program trying to docunment the basis
for some of our judgnent that has been chal |l enged.

Stability of both Alloy 22 and Titanium grades
that are not too unlike Titanium 7 have been denonstrated
after a year of exposure, and I think Joe will talk about
those testing results fromLivernore. Alloy C, which is
rather simlar to Alloy 22, an exanple froma nice nature
anal og where it's been exposed for 60 years in a marine
envi ronnent, and that one shows basically original
condition. Still has its shiny surface.

Anot her natural analog, a type of nickel/iron
m neral exposed in stream beds shows no fil m breakdown.
So we're | ooking for every kind of source we can, with the
bi g question recogni zed to be how do you take the
| aboratory data of a few years, nonths and years, and
extrapol ate the long tine franes. W know that will be
the big challenge. And then sone additional testing,
again that Joe can tal k about, where we're |ooking at
corrosi on under oxi de deposits on the waste package.

You know, one of the issues here that | didn't



© 00 N o g A~ w N P

N NN N NN R R R R R R R R R R
aa A W N P O © 00 N oo 0o~ w N+, O

267

mention i s when you have the drip shield in place, the
envi ronnent on the surface of the waste package is
different, and the question and one of the challenges is
is that environment going to be pristine, where you have
basically very clean surface and where you have absence of
salt deposits. What we have to |look at, and that's one of
the things I'Il talk about in the drip shield test, is
what kind of a chem cal environnment will you create under
that drip shield on the surface of the waste package,
because that will be really key to the performance of the
wast e package in our new design concept.

Okay, the surface environnent. Sonme new data
i ndi cate boiling points and pH can be higher than
previously assumed. | think you heard this in the
previous nmeeting. 115 to 125 degrees C boiling point.
Phs can go high. On the other hand, if you have sone of

the other effects driving you to |ower pHs, the question

is what will that environment |ook |ike through tine and
space.

Experi mental nodelling effort will provide
expected range of environments, and the nodels will be

benchmar ked, uncertainties bounded for SR
Okay, on the solubility side of radionuclides,
pl utoni um urani um and neptunium sonme of those key

solubilities are being re-evaluated and we'll bound those
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in our nodels for SR

Col | oi dal radi onuclides, again potenti al
mechani sm for transport, and those will go toward the
bounded uncertainty for site recommendati on.

Cl addi ng performance is one where we are getting
sone additional information, bounded uncertainties for the
nodels for SR, but the initial state will be defined
better than we had for viability assessnent, with the
fraction breached at receipt, the degradation rates,
meani ng the fraction breached with time, and the unzi ppi ng
rate, surface area for dissolution and transport
resi stance, with some additional tests that are going on,
as | nmentioned, at Argonne.

Wast e form degradation rates, bounding rates wl |
be used for site recomrendati on. And sone of these are
not much of a change from what we did for viability
assessnment .

But tal ki ng about engi neered barrier system the
i nprovenents that you see in what Bob presented, new drip
shi el d degradati on nodel, we'll have a nmechanistic
anal ysis of manufacturing defects. As | nentioned, that's
bei ng done for both materials, both the Titanium and the
Alloy 22. W'IIl include the hydrogen induced cracking,
but our design is set up to isolate the Titanium from

hydrogen sources, so there won't be a direct source of
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hydrogen from carbon steel, or fromanything that could
give the Titanium a potential for hydrogen induced
enbrittl ement.

And of course our overall performance of the drip
shield, one of the things we have to | ook at is what Kkind
of a rock fall, you know, assum ng that you have backfil
over the drip shield, the rock fall should not be a big
issue. The drip shield should be protected by the
backfill. But the question of rock fall, as well as
seism c | oading have to be | ooked at, because one of the
concerns is with the type of overlap that we have in the

current drip shield design, is if you have sone seismc

shaking, will you get sone separation, sone gaps
devel opi ng, and if you have backfill sitting on there,
will the backfill trickle down between the gaps that

devel op in your drip shield.

So this area is one that is really receiving
i ntensi ve thought and study, and is one that is new to us
and, therefore, the nodels that we have to develop are
relatively new and will be noved on to the maxi num extent
we can as a basis for the TSPA anal yses for SR

This just gives you a sense fromthe engi neered
barrier system perspective of the various parts of the
system that have to be | ooked at. Clearly, it's inportant

to us, and | think yesterday, soneone nentioned, you know,
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what is the real purpose of the drip shield testing that's
going on, and it's very inportant to get at where the
wat er goes, water distribution, if it's diverted, where
it's diverted to, where the drai nage occurs, what the
t her nohydr ol ogi ¢ chemi cal conditions are in that area
under the drip shield. Physi cal, chem cal
envi ronnental nmodel, the transport nodel, once you get
anyt hing rel eased, how the material noves through the
invert. And then there's a nunber of other sub-nodels
that are pieces of this that all go together to give you
t he abstraction. And, of course, conmng in fromthe waste
package side, or the materials side, is the degradation
performance of the EBS.

So putting together this overall nodel for the
EBS, for the drip shield and the relationship with the
wast e package is really a major focus of the work in the
next 18 nonths.

Okay, the performance of the drip shield clearly
depends on where the water goes, how the water is
excl uded. The backfill drip shield flow processes are
critical. Thermal effects on that flow, any kind of
i npact of the thermal effects on the EBS materials is
critical. And, as | nentioned, the degradation nodes, any
kind of shifting, if you have an overlap, any potenti al

failure at those gaps or cracks.
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We have pilot scale testing and a columm test
that I'Il nmention going on to get at this information.
Water distribution and renoval nodel is being devel oped,
and Mark nmentioned that yesterday and showed you sone
pi ctures of the kinds of testing that is set up and in
fact started right now. The in-drift thernohydrol ogic
chem cal changes in EBS materials are also being | ooked at
in that testing.

And then finally, this was al so nentioned
yest erday, seepage into the drifts is affected by their
geonetry, and part of the work in this area is to get a
good drift degradation nodel in place that considers
frequency of rock fall, block sizes, total extent, tin ng,
because we understand the inportance of the geonetry on
t he seepage.

There are a nunber of early conponent testing
t hat have been conpleted in this facility at what we call
the Atlas Facility, and all of these give us a good bases
for designing the next phases of the EBS of the drip
shield testing. W had the pilot scale test, and | think
sone of you have visited that facility, for the Richard's
Barrier, which was very effective. It did divert water as
we predicted it would. Sone pilot scale testing of single
backfills, some flow visualization tests to |ook at the

Richard's Barrier in a fairly sinplistic manner, sonme
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ot her | aboratory tests to get at diffusion eoefficients
for the different options for backfill, as well as invert
mat eri al .

So these results are really there and are
avail able to be used in building our Rev. 0 bases for the
site recomrendati on.

For the EBS testing and anal ysis as we nove out,

we' ve got pilot scale test Number 4, which is a drip

shield with backfill. This backfill is a fine backfill.
This is different than the next one I'll nention, which
has a coarser backfill. The purpose of this one will be

to validate nodels of noisture and chem cal responses for
our EDA Il configuration and verify the conditions that
control condensation under the drip shield.

As | nentioned, the real concern here is what
ki nd of environment do you create by putting this drip
shield in place. There are sone who have chal |l enged us
and said are you sure that the conplexities that you're
adding by putting this drip shield over your waste package
is worth the benefit you' re getting. So we are going to
have to be able to answer that question.

The test design for this drip shield pilot scale
Test 4, sand, fine sand as a backfill, crushed tuff
invert. | mght nention on the case of the invert,

there's questions being | ooked at in ternms of what woul d
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be the best material, whether crushed tuff is the best

material is still open for discussion. Scale nodel drip
shield, and sinulated waste package will be at 80 degrees
C. Drift wall will be kept at 60 degrees C. in a manner

t hat Mark showed you yesterday in the configuration of the
test. The inflowrate will be varied to rel ate seepage
with the kinds of conditions you see in this experinment.
One additional on that one is that there's some
i nteresting thought that perhaps because we saw the
Richard's Barrier performso well, there's some thought
that the contrast and perneability between the backfill
sitting on top of the drip shield, that you m ght actually
get a Richard's Barrier type of performance barrier there,
such that the water won't actually nove fromthe backfil
onto the surface of the dripshield, that it will be
di verted and nove through the backfill. And that's one of
the things that we really want to look at in this test.
Pilot Scale Test 5, big changes that go to the
coarse backfill. Verify the conditions that contro
condensation, and again | ook at the nodels for noisture
and chem cal response, but with a nuch coarser backfill,
simlar conditions for the rest of it. So this will give
us a chance to look at the variability in conditions that
is caused by a change in the nature of the backfill.

The saturated alteration test is interesting.
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One of the things that has become a concern with the
current design is what happens if you plug either the
backfill or the invert material such that you create sone
pondi ng and your waste package at sonme point in tine in
the future has dropped down and it's sitting in these
little ponds of water. And so the question has becone
have you created another failure node, or a new failure
node that you really have to show will not be a problem
or if it is, maybe that becones the nost likely failure
node, is this dropping of the waste package into the
i nvert.

So this experinment is set up to cause--it's a
colum test and it's set up to actually cause sone
accel erated build-up of salts, take J-13 water and refl ux
it in through the crushed tuff type of nmaterial, and see
what kinds of salts develop as you vent the vapor and
accunul ate the salts and mnerals. So do something in
such a manner that you can quickly see if this invert
pl uggi ng and potential for ponding is really an issue.

Calibrate the thernohydrol ogic chenmi cal nodels to
what ever alteration you see, also do sonme of the sanme kind
of testing, but in an unsaturated colum test.

Finally, testing has been expanded to include new
and revised SR design, inproved waste package, backfill,

drip shield. W've tal ked about testing and anal ysis
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programis designed to focus on inprovenents to the key
process nmodels and to focus in on the principal factors
that are correlated with those key process nodels, provide
a sound technical basis for reasonabl e representations
where that's appropriate, for bounded where necessary, and
alternative nodels, basis for considering alternative
nodel s where that's appropriate, and also define the
uncertainties so we can support sensitivity studies.

So this hopefully gives you a picture of that
next phase between now and the tine that the site
recommendation formally goes out. A lot of additional
work, a |l ot of additional information should becone
avai l able to help us build confidence that the way we've
represented the systemin Rev. O reports is adequate and
appropriate. Thank you.

PARI ZEK: Thank you, Jean. Any questions fromthe
Board? Debra?

KNOPMAN:  Knopman, Board. Jean, this is quite a |ist
of activities, and | appreciate that you went through al
this with us.

My question concerns a discussion you started in
on about the added conplexity that a drip shield brings,
and you had | guess it was--you had a slide that had a
pretty detailed list of the different, Slide 32, on al

the different aspects of the drip shield that you' re going
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to need to be | ooking at.

Have you gotten to the point where this work is--
it's not just a question of prioritized, but put into sone
kind of critical path, framework, so that you would know
sooner rather than |ater whether this is really worth the
added conplexity? That is, do you end up creating nore
probl ens and nore uncertainty for yourselves than you
woul d if you, instead, took the noney and resources that
will go to this and put it into other aspects of the
systenm? | don't know the answer to the question. |'m
just wondering if you've kind of set this up in a way that
you'l | know whet her you cross sone threshold or not soon
rat her than 18 nonths from now, and the thing has just not
cone together.

YOUNKER: It is really a good question, and | think
we probably need to | ook at the way we have the EBS drip
shield test phase, and | ook and see whether there are sone
points in tinme when we should ask ourselves that question,
pull all the information together and have a hard | ook at
how good is that pre-test and post-test nodelling, you
know, how good are the results relative to what we have
been able to establish, and determ ne whether we're
getting a handle on, you know, what kind of an environnment
are we creating, how nmuch reflux or how nuch condensati on

and salt deposit are we really seeing. |It's a very good
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poi nt .

KNOPMAN:  There are also | would think two kinds of
ri sk situations you' d want to consider. One is sort of
t he what m ght be considered nornmal conditions of just
wear and tear, versus the |ow probability, high inpact
type events where sone kind of shaking notion would topple
the drip shield, and what you have is a bunch of rubble,
and none of your nmodelling will have been able to do
anything with backfill and rubble of a drip shield sitting
on top of the waste package. But there's sonme probability
associated with that kind of outcone.

So we'll look forward to seeing nore anal ysis
fromyour end on how you're going to proceed here, because
that would certainly be a concern of mne, that you're
going to put a lot of effort, kind of go off on all these
different directions, and not have a clear decision making
f ramewor k.

YOUNKER: Yeah, | think the designers are fairly
confident that they can build a drip shield, build and
install a drip shield that will withstand the kind of
sei sm ¢ shaking and the kind of design basis rock falls
that we anticipate. So | think that side of it, ny
i npression is is probably |less of a challenge than getting
at the way the water will nmove and what ki nd of

environnment we'll create on the surface of the waste
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package by having that drip shield in place.

You know, initially I think that I know Dr.
Bul | en had di scussions with us about this where there have
been initially sone clainms that, gee, it was going to be a
pretty pristine environnent, but then you think about the
fact that you've installed backfill, and certainly it
woul d be hard to keep a dust free environnment while you're
installing backfill. So you know there's going to be sone
dust. You know there's going to be some reflux of water
during the tinme that you're in the thermal phase, and you
know there will be some evaporation and precipitation,
sone salt build-up

So | think we're really getting focused in on the
questions we need to answer, but we're certainly not at
t he point of having definitive points in tine to find
where we take a critical [ook and make some deci sions
about whether, you know, the trade-off is going the right
di rection.

PARI ZEK: Priscilla Nelson?

NELSON: Maybe these questions, at |east one of them
shoul d be deferred for Joe Farnmer, but they're little
questi ons.

First of all, on the ECRB Alcove 8 to ESF Niche 3
test, as | recall, the stratigraphy is such that both the

lith and the nonlith are involved in that flow path.
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YOUNKER: | think that's right.

NELSON: Is there going to be an attenpt or
i nstrunentation to separate out the performance of the two
different rock units in that flow path?

YOUNKER: |'m not famliar enough with the detailed
design--is Mark Peters Here?

NELSON: |Is Mark still here?

YOUNKER: Mark, did you catch Priscilla's question?
PETERS: Mark Peters, M&O. You're right. It's
about--it starts in the upper lith. 1t's about 18 neters
to Niche 3 below. So it's roughly two-thirds upper lith,

one-third m ddle nonlith.

If you remenber the picture, there's borehol es
com ng fromup and below. So they'll be instrumented in
both units, so we should be able to pick up sone of the
changes in flow paths as we go between the different
units.

NELSON: Yeah, you m ght be able to. [|'m wondering
even whet her there m ght be sonme ot her excavation that
woul d actually renmove it and get one rock unit at one
point |ater. Anyway, that's fine.

YOUNKER: Priscilla, we'll pull up the picture just
so what Mark said makes sense. We're al nost there.

PETERS: There's the unit.

PRI SCI LLA: The bottomthird is in the--



© 00 N o g A~ w N P

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

280

PETERS: Right. So those red boreholes actually
penetrate up into the upper lith, and the upper borehol es
penetrate down into the m ddl e non.

PRI SCI LLA: Right. But the particular attention to
try to separate out the performance of the two units is
only going to be done through borehol e measurenents?

PETERS: Correct.

PRI SCI LLA: Okay. Stay there just for a second,
because you brought up Busted Butte, and | guess we had
sone di scussions yesterday about it and they had to do
with the vitric and the non-vitric portions and where the
zeolites were. And a |lot of that discussion has al ways
focused on the matrix or the petrographic characteristics
of the intact rock, and how simlar they were from one
pl ace to the other. And so is the testing of Busted Butte
really focused towards matrix activity?

" m wondering do you know anyt hi ng about the
fracture frequency information for these units? | mean,
with vertical boreholes, you don't get very mnuch
information on fracture frequency information, and the
i nportance of fracture flowin the Calico Hills.

YOUNKER: We do have a table that summarizes our best
estimates of the fracture frequencies in a letter that,
Mar k, you and | put together that describes the expected

di ff erences.
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PETERS: For the Calico? W're talking Calico Hills
here; correct?

YOUNKER:  Yeah, | think so.

PETERS: You're correct. The vertical borehol es make
it very difficult to get good fracture frequency
information in the Calico, so we don't have a trenmendous
anmopunt of information on that. | think the key is is how
you assunme it acts in the nodel. And Bo, | think, wl
probably address that in sone of his talks. W don't have
a cl ear understandi ng, a real good understandi ng of the
fracture frequency underneath the repository because the
borehol es just don't give a | ot of that good infornmation.

We have sone information from outcrops, but not under the
repository.

NELSON: Thank you.

PARI ZEK:  Dan Bul |l en?

BULLEN: Bullen, Board. Jean, you nentioned the
effects of the addition of the drip shield on the waste
package environment. But one of the big significant
changes that's been made since VA is the fact that you've
changed the waste package design such that the wall is
thinner, so the radiation field is up a couple orders of
magni tude. And what | don't see, or what 1'd |like to see,
| guess, are issues addressed with respect to the effect

of the radiation environnent on the degradation of the
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drip shield underneath in that area where the radiolysis,
you know, may have a significant effect on drip shield
performnce.

And so do you have a plan, or are there scale
tests or tests that m ght be addressing that?

YOUNKER: Yeah, | think Joe is going to tal k about it
alittle bit later.

FARMER: In regard to the gamm radiolysis, you know,
early in the md Eighties, we did the ganma pit studies
with 300 series stainless steel, and we' ve been wanting to
restart those efforts but haven't been able to. So in
lieu of doing gamma pit studies, we' ve now done studies
where we've purposely added hydrogen peroxi de at various
| evel s and | ooked at the inmpacts of the hydrogen peroxide
on the corrosion potential and the threshold potentials of
the corrosion resistant materials such as Alloy 22,
Titanium grade 7, et cetera, and we'll show you at | east
one or two exanples of that this afternoon.

BULLEN: Joe, before you | eave, those potentials are
actually the addition of hydrogen peroxide to a water
environnent; right? Not to a thin filnP

FARMER: That's correct. Actually, what we have done
is we have standardi zed all of our test nedia. As you
know fromthe long-termcorrosion test facility, we have

simul ated dilute water, concentrated water, acidified
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wat er, so on and so forth. W' ve now added to those
generic test nedia some new environnents which are
basically nmore or less fully saturated. To those generic
standardi zed test nmedia that we're using across the
project at Livernore, at CGeneral Electric and various
institutes that are working on the project, we add
hydrogen peroxide. And it's nore or less like a titration
experiment, you know, we'll add hydrogen peroxide
basically increasing the hydrogen peroxi de concentration
at eight part per mllion steps, up to the point where you
no | onger see any increase in corrosion potential.

And, of course, the inportant issue is to nake
sure that you don't push the open circuit corrosion
potential above any threshold for |ocalized attack. And
as you'll see this afternoon, that is in fact the case.
You can add as much hydrogen peroxi de as pl ausi ble, and
even go beyond that, and you can't push the corrosion
potential for these corrosion resistant materials into a
regi me where we woul d expect any sort of destabilization
of the passive film And of course that isn't the case
with 300 series stainless steels, and that's the reason we
pi cked Alloy 22 over the 300 series stainless steels.

BULLEN: W th respect to the Titaniumthat you're
testing, Joe, are you doing the same kind of tests for

Grade 7? And actually, the other question | had was that
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as you standardi ze your tests and add the titration of the
hydrogen peroxide, does it end up in the vapor phase of
those tests or not?

FARMER: We have not done vapor phase experinments
with the hydrogen peroxide yet. That's probably sonething
that Greg Gdowski woul d, you know, ultimately do in one of

hi s experimental apparatus. But we haven't done the vapor
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phase hydrogen peroxi de experinment yet. For a |lot of

t hese fast track experinents, we're having to use sone of

the tried and true techniques |like cyclic polarization.
BULLEN: | understand that. But | just think that

sort of along the lines before you actually conmm t

yourself to making a Titanium Grade 7 drip shield, you

ought to take a | ook at the fact that the vapor phase

above the waste package is going to be one of the key

I ssues.

But, thank you. We'IIl talk about this this
afternoon, and I'I|l defer. | have one nobre question for
Jean.

In the Atlas facility test that you identified,
you had Series Il and IV and V, and you basically have a
test that's high tenperature with respect to a waste
package or a surrogate waste package of 80 degrees and a
drip shield or wall tenperature of 60 degrees C?

YOUNKER: Ri ght.
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BULLEN: Do you expect that to be applicable or
directly relevant to a 96 degree C. type of environnent,
or do you think there will be sonme changes with respect to
that extra 20 degrees that m ght have a probl en?

YOUNKER: | think we're going to have to | ook at that
to make sure that the test is exactly right for the EDA I
concept, and since we have--the EDA Il concept is a, kind
of has operating conditions of either closure at 50 or
cl osure at 125, clearly we're going to have to | ook at the
way that test can be configured to best give us
information for either of those. So that's a good point.

BULLEN: Can you scale the Atlas facility to 120
degrees C., or is it not quite--1 nean, you get close to
pressuri zati on problens there?

YOUNKER: Yeah, | don't think it was set up to do
that. Jim do you want to comment on that? That's the
reason why we're constrained by those tenperatures.

BLINKER: JimBlink fromthe M. | think those
experiments are designed to give insight rather than to be
full prototypical tests. They're at the quarter scale.
They wanted to set up a Delta T across the waste package
to drift wall, a higher Delta T than we would see in a
normal situation, to try to drive the condensati on process
and see where the water formed and where it dripped and

whet her it concentrated in the invert in certain ways.
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They will apply those results to calibrate nodels
that will then be applied to the range of environnents
expected as time progresses in the repository.

BULLEN: Thank you. And, M. Chairman, |'II| defer,
because | saw a whol e bunch of hands go up, so I'I|l stop
aski ng questions now.

PARI ZEK:  Don Runnel | s?

RUNNELLS: Jean, you didn't nention any of the |lab
experiments that were going on about a year ago at Los
Al anpbs on retardation, particularly of neptunium Are
t hose continuing as well?

YOUNKER: Yes, | think that's sone of the basis for
the inproved data that we'll use. I'mnot real famliar

with those, and I'mnot sure if we have anybody here who

is.
RUNNELLS: Those were colum experinments?
YOUNKER: Col unm experinments, yes.
RUNNELLS: Under strongly reducing conditions.
YOUNKER: Yes. | think those are still carried into
FY 00.

RUNNELLS: Okay. So they're continuing?
I have a question that's just | guess a little
bit facetious, but maybe not entirely. The drip shields
sound like a lot of Titaniumto ne. How does the anount

of Titaniumthat's projected to be used in drip shields
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conpare to the world' s annual production of Titaniun? Do
you know for a fact that you can buy that nuch Titani um at
the rate that you need it?

YOUNKER:  Yeah, | don't think that's an issue, and |

t hink that has been | ooked at. They are only 20

mllimeters thick, so they aren't exactly--it isn't |ike
as if it's a huge anount. But | don't think that's an
i ssue.

RUNNELLS: Ckay.

YOUNKER: Ji mwas on the team that reconmended
Ti tani um be consi dered.

BLINK: JimBlink fromthe M&. [|I'mtrying to
remenber from when we discussed this in LADS, and | think
it was sonmething like a 3 or 4 per cent of the current
demand t hat would be required per year for a period of
several years.

RUNNELLS: Okay. That's reassuring. | had no idea
what that figure was.

YOUNKER: | renenmber we did ask oursel ves that
questi on.

RUNNELLS: Okay, that's good. One other question
about the drip shields. They do, as Debra said, introduce
so nmuch conmplexity, can you just recap very briefly the
hi story of why they have appeared in the design? At sone

poi nt, somebody said we need sonmething else. Mybe it's a
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drip shield. Wat happened there to cause that?

YOUNKER: |If you recall some of the discussions

yesterday that M ke Voegel e had about when you | ook at the

i nportance anal ysis and when you | ook at the contributions

fromthe natural barriers, which are significant at this
site, no question, when you add in the waste package,

whi ch we know we're going to use a waste package of sone
reasonabl e | evel of robustness, you | ook at that and you
ask yourself the question fromthe results of the

i nportance analysis, do you want to have all of your

def ense resting on that waste package barrier, or do you
want to do sonmething to give yourself a second |ine of
defense. And that drip shield really represents that.

It gives you not only protection of your waste

package, your primary barrier fromwater, assum ng that we

can get at this question of the environnmental conditions
under the waste package, but it also gives you a second
line of defense. And I think that's the primary reason.
Having a drip shield there really is an independent, or
al nost i ndependent barrier that can give you protection
for your waste package and gives you that independent
confidence that you have an adequate system

RUNNELLS: Defense-in-Depth?

YOUNKER:  Yes.

RUNNELLS: Okay, thank you.
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PARI ZEK: Jeff Wong?

WONG. Let nme struggle with this question. M ke
Voegel e earlier, or yesterday, said that concl uded
confidence will not be adequate, unless the natural
systems can be denonstrated to contribute significantly.
And | look at the tineline that Steve Brocum had in his
presentation, and | | ook at your testing, so | guess |I'd
ask you what's your definition of increasing confidence?
Does that nean decreasing uncertainty in performance? And
do all of your tests that you have underway within the

timeframe of the SR, how nmuch confidence do you expect to

i ncrease by?

YOUNKER: | think that our sense is that at Rev. O,
at the time that we're building--1 think yesterday, it was
made very clear a couple tinmes that, you know, the

fundanmental technical basis that we have for TSPA SR is
pretty much in place right now Rev. 0s are being
written, many of the Rev. 0Os of our analysis and nodelling
reports are heading into review. And so, you know, that
fundanmental bases is pretty nmuch there, and as Bob
expl ai ned, and will explain further, there's an inportant
di stinction between what we are able to use as direct

i nput, which is what is in this Rev. 0, and what we w ||
use to build our confidence and further enhance the Rev. 0

as we go to a Rev. 1 phase for the analysis and nodelling
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of course in the process nodel reports.

So | guess ny viewis that, you know, mnmy sense is
fromtalking to the scientific and engi neering fol ks that
support us, that our confidence is pretty good in that
representation that we're going to give Bob, or that Bob
is going to nake and that we're going to give the process
bases for.

As it stands now, you know, we had a viability
assessnment was a good trial run. We had a |ot of
criticismof the areas where there are big uncertainties
and where there are gaps. W focused this program as nuch
as we could to get at those in a short tine frane, with
sone accel erated testing. You know, sone of it won't
deliver as nuch as we would |ike, but I think someone
answered the question this way yesterday, you know, in
those areas, if what we do is continue to build confidence
and confirmthat the approach and the representation we
have is pretty good, then I think our confidence wl|l
continue to grow as we go through the testing in the next
18 nonths, and we'll have | think a strong bases for our
site recomrendati on.

If in some areas we get sone surprises, we wll
have to go back and |l ook at it and see what difference it
makes. We'll have to | ook at whether that surprise and

that difference down at the process level really matters
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when you roll it through abstraction and total system
performnce.

So the whole issue will be how inportant is that
news or that surprise to the fundanental performance of
the system

WONG. Then the seven factors that you' ve |isted, or
have been listed in the previous presentations, are those
factors that you have | ow confidence in?

YOUNKER: That we have?

WONG. Low confidence in.

YOUNKER: No, no, not at all. In fact, | think the
confidence in both the other factors and the principal
factors is highly variable. Wen you see what Bob cl ai ns
in terns of reasonable representati on versus boundi ng,
there's a wide range of variability of where our high
uncertainties are. But the principal factors are the ones
that are nost inportant to performance, and are the ones
that we're certainly going to spend our principal tinme on
in ternms of inmprovenent. And that's what this testing
programis laid out to do, you know, seepage, UZ fl ow and
transport, drip shield performance, waste package
performnce.

WONG. How are you then addressing those factors
whi ch you have | ow confidence in?

YOUNGER: Well, I think naybe what you're getting at
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is the question of which ones will we try to bound with
enough confidence that we can defend that bound, versus
whi ch ones will be treated with a reasonabl e
representation. |Is that--

WONG:  Yes.

YOUNKER: | mean, on a case by case, | can't give you
an answer to that, but | can say that that's that
integration effort that's going on right now between
performance assessnent and the | eads for each of the
technical areas in trying to establish do we have enough
information, is our uncertainty adequately characteri zed.

But this is one where we will treat as a reasonable
representati on versus sonme of the other factors that wll
be treated as boundi ng, because we can defend the bounds,
but we really don't have the tinme and noney to put the

full representation together, and we don't think we need

to.

PARI ZEK: Al berto?

SAGUES: Let me tell you first that | appreciate al
the time you have taken in fielding so many questions, and

it's been a |l ong presentation, so let nme just say that |I'm
very glad to see that the program shares sone of the
concerns that some of us had about issues such as, for
exampl e, corrosion products that may devel op over | ong

time periods. Also, the attention being paid to natural



© 00 N o g A~ w N P

N NN N NN R R R R R R R R R R
aa A W N P O © 00 N oo 0o~ w N+, O

293
anal ogs, and | sonetinme | ook forward to seeing the
Titanium information that you're conpiling. OF course,

t here have been conpil ations of the Titaniuminformtion,
but especially I would like to see if you' re devel oping
sone information on the performance of Titani um under
varied conditions. That will be certainly sonmething very,
very interesting as it devel ops.

| wanted to call attention to one point in your
transparency Nunber 24. That's something to put things in
perspective, because | think that this brings up pretty
much the kind of challenge that the program has to deal
with, and those of us who review the program al so have to
deal with.

A statenment is nade there which is, you know,
woul d appear to be a very reasonable statenent. Genera
corrosion rates are low, |ess than one nicroneter per
year. Now, for many applications, one mcronmeter per year
or less is indeed a very low corrosion rate. But if we
| ook at this in the perspective of the test, at one
m cronmeter per year would nmean one mllineter after one
mllennium and it would nmean ten mllinmeters after 10, 000
years. And, of course, we're tal king here about precisely
that kind of tine scale.

And then, of course, we only have two centineters

to deal with, and corrosion being what it is, the
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di spersion on corrosion is likely to be under the
corrosion itself. So, you know, if the project were to
denmonstrate that corrosion rates are, say, one mcroneter
per year or |less, that really would appear not to be
enough by any means, because that neans that the |arge
fraction of the packages under those kinds of corrosion
rates could very easily indeed be perforated after 10, 000
years.
So | think that the nmeaning of the word "Il ow
shoul d be | ooked at in this context every time, and I'm
sure that Joe Farmer is going to be able to address this.
But we may have to talk |like one-tenth of a mcroneter,
one- hundredth of a m croneter, or sonething on that order,

to begin to feel confortable about that being a | ow

nunmber .
FARMER: Just one comment, Alberto. Wen we | ook at
t he neasured corrosion rates that cone out of the |ong-

termcorrosion test facility, as you well know, the rates
are so low that we're basically getting neasurenment error
and we can only bound what the upper limt is. It |ooks
to us right now that sonmewhere between 95 and 96 per cent,
| ooking at Alloy 22 as an exanple, 95 to 96 per cent of

t he neasured corrosion rates based on wei ght | oss appear
to be bel ow 150 nanoneters per year, or .15 mcrons per

year.
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So we have actually four outlyer data points, and
we're not sure if they're real or if they're just
outlyers, and those four data points seemto be uniformy
di stri buted between .15 m crons per year and .75 mcrons
per year. But certainly 95 to 96 per cent of those data
poi nts would indicate that you probably would have, you
know, in excess of 100,000 years of waste package life
limted by general corrosion.

And as, you know, you've al so seen when you
visited and were trying to use the atom c force m croscope
and other techniques to go in and nake these neasurenents
with much nore precision and nmuch better finesse than
we' ve been able to do with the weight | oss neasurenents.

SAGUES: That's right, and that's a very good point.
I wanted indeed to make sure that collectively, we have a
feel for those nunbers.

We al so have in addition to the very long tine,
we have the very | arge nunber of packages, of course. So,
you know, again if we say that maybe 5 per cent, in 5 per
cent of the cases, the corrosion rates nay approach or
exceed that nunmber, well, now again we have in these |arge
numbers, fighting against us. And | just sinply wanted to
mention that | think that we all want to keep in mnd the
form dabl e kind of chall enge.

PARI ZEK: Bob Andrews. Do we have a few nobre ni nutes
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if we take a few nore questions at this point? W don't
have to nmeet with the public until 11:30. Okay. Well, we
don't want to erode into your tinme schedul e.

Okay, Parizek, Board. | have a few comments and
questions, and one | share with Chai rman Cohon. He
i ndi cated that the general presentation was well
structured and shows a highly focused program and we want
to conplinent the programfor that. Your presentation
reflects that, showing that you really have thought about
a | ot of these issues, and unli ke naybe some peopl e who
cone for the first time to these nmeetings, you get the
feeling this m ght be a National Science Foundation random
number of projects that need to be funded.

Rat her than that, | mean all of the different
things that are ongoing or need to be done have a purpose,
and they fit into this grand scheme in a way that | think
everybody shoul d under st and.

The question | have is whether the funding wl
continue in a way that allows us to progress in an orderly
manner. Sometines, it's a little hard to know what w ||
be funded this year and what won't. For instance, |
t hought at Beatty we | earned that maybe the Phase 11
Busted Butte experinments m ght term nate, and that either
is a funding problemor maybe the rel evance of those rocks

to other rocks under the repository. So fromtine to
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time, we're not always sure exactly what will be funded
and what won't be funded. And part of this goes to
Lake Barrett's presentation yesterday. You know,
obviously if there's a cut in the budget, some things are
going to have to be deferred, delayed, and again it's a
little hard to make that judgnment.

Site recomendati on seened to be a high priority,
and with it is a lot of the efforts that you outlined for
us. Can you make any kind of comment about that, as to
what woul d drop out or have to be deferred?

YOUNKER: Yes, | can say that certainly at the
pl anning |l evel that we're at right now, which is kind of
assum ng that we'll get somewhere between the House and
the Senate, | think that this work is solid and will be
funded, the work that |'ve described. Now, of course,
there's a question of how nuch of it, you know, how big is

it, but the question of what happens if we cone out toward

the | ower nunmber, you know, | think Lake indicated
yest erday, and naybe Steve as well, that | guess we al
know that that will be a different program You know,

certainly that nunmber is | ow enough that we woul d have to
go back and pl an.

My personal view is because we would still
presumably focus on what's inportant for site

recommendati on, these are still the tests and the anal yses
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that will receive the highest priority. It will just be a
question of how nmuch are we still able to fund then at the
| ower | evel.

But | think unless it goes toward the | ower
number, | think this programthat |'ve described is in our
FYO pl ans, and we expect to be able to cover it.

PARI ZEK:  Now, Chairman Cohon wrote a note to ne
saying what's the basis for anticipation that a realistic
3-di mensi onal flow nodel will be produced for the project?

Again, that has to do with the saturated zone efforts.

YOUNKER: Well, and that one certainly is, you know,
projecting a little bit further out in time to when we can
get sonme results froman alluvial testing conplex, you
know, in cooperation with Nye County's work. So | think
that one is just our hope that we have additi onal
i nformation, better hydrogeol ogi c framework, you know,
sone additional geol ogic mapping that is being fed into
the overall flow system nodelling for saturated zone.
Those are the basic reasons why we think that area is
goi ng to be inproved.

PARI ZEK: Now, as it relates to transport, that would
be the Eh/pH work as well as the Kd work?

YOUNKER: Exactly. Yes.

PARI ZEK: W understand a nunber of sanples have been

taken fromthe Nye County drilling project for sorption
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experinments in the lab. And | guess maybe there's a
detail now that | don't know what's going on in that area.
What sanples are being included in those experinments?

It's not clear to me what has been subjected to | ab

testing.
YOUNKER: | don't think we have anybody here, | nean,
who wi |l coment on that today, but that certainly is a

topic that we could go into at another tine.

PARI ZEK: There's another concern | had with regard
to the groundwater standard, you know, if we actually have
to worry about our drinking water standard of the
repository. |Is there any effort being put into the
possibility that m ght be required, and then what m ght
cone out of the repository other than radi onuclides?
Because it seenms like all of the analyses aimat the
radi onucl i de rel eases, but on the other hand, if in fact
there may be another standard. Do we have any feeling of
what ot her things should be | ooked at, or are being given
consideration to make sure that you can conmply with the
dri nki ng water standards?

YOUNKER: Certainly a lot of the background work that
we' ve done as we've hel ped DOE prepare to comrent on that
rul e has been | ooking at that, and | don't know, Bob, do
you want to comment on that at all in ternms of what other

constraints it gives us if we have a drinking water
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st andar d?

ANDREWS: Well, actually | think EPA probably should
answer that question, because | think what they brought
into the 197 is only the radionuclide part of the
groundwat er protection.

YOUNKER: That is true.

ANDREWS: Not all other constituents |ike, you know,
| ead of chrom um or whatever. But maybe they shoul d
answer that question.

YOUNKER: But in terns of what the drinking water
standard dose is, though, | don't think that causes any
fundanmental change in the way we're going to nodel and
test, you know, to do our perfornmance anal yses.

PARI ZEK: All right, | have a couple nore questions
from Chai rman Cohon, but | think perhaps we'll save them
in the interest of time. Leon, did you have a question?

REI TER: Leon Reiter, Staff. | want to venture into
unknown territory called the waste form And one of the
nost interesting things | saw in the conparison between
TSP/ VA and what the NRC had done had to do with
di ssolution of the waste form It seens to nme, if |
remenber correctly, and | stand corrected, they had a nmuch
| ower rate of dissolution, and when | asked what was the
reason for that, they assumed a different conposition of

J-13 wat er.
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The second thing, they also presented possible
nodel s for which the dissolution rate could be even | ower.

Now, Bill Murphy presented a nmodel by using Pena Bl anca.
| never heard this nentioned. |Is this sonme sort of
significant barrier that you're overl ooking?
YOUNKER: | don't think so, and |I have heard
di scussions about it, but | think I should defer to Bob.
He can probably address that much nore critically.
ANDREWS: Bob Andrews again. You know, in the VA, we
did | ook at a nunber of alternative nodels for waste form
degradati on, one of which approxi mated, you m ght argue,
what the NRC was doing with different groundwater
conpositions and reduction of rates in different
groundwat er conpositions. That was not the base case in
the VA. The base case in the VA was the nore
conservative, nmore bounded assessnent.

We got the same comrents from our own peer review
panel , tal king about the conplexities associated with the
chem cal water/waste forminteractions.

Ri ght now, and |I'm not going to speak to exactly
what's going to be in the SR, but I think we will probably
argue, and | can stand corrected a year from now, so don't
take this too far, we'll still be using that bounded
assessnent. You know, the conplexities and uncertainties

associated with chem stry inside the package and its
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evolution with time, and that chem stry as it interacts
with the waste form and it changes with tine, is just a
very conplex systemwith a | ot of uncertainties in those
nodel s.

So it's in sone ways going to be easier and nore
defensible to just bound it with the intrinsic dissolution
rate, which is what the base case in the VA was. But we
m ght change that, but right now, | would say that's
probably what we're doing.

PARI ZEK: | think we ought to go on with Bob Andrews
presentation. Thank you very nuch, Jean, for a good
di scussion and a very cl ear presentation.

Bob will give us now a run-down on introduction
to nodel validation, the processes involved. There are
many nodel s that have to be validated. W'IIl hear this
afternoon two exanples in nore detail

Bob is fromthe University of Illinois, as part
of his training, and has a major responsibility for
devel opi ng and docunenting TSPA for site recomendati on
consi deration reports. And everybody should know Bob, but
he's al ready answered sone of the questions that m ght
cone up, and sone nore of the ones that we had, we'll save
for this afternoon that are kind of appropriate from
Chai rman Cohon and ot hers.

ANDREWS:  Your first question m ght be why is a PA
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guy giving a talk on nodel validation. You know,
shouldn't it be some process level guy who's going to talk
about the confidence in the nodel? And what we decided to
do is kind of break it up into sort of introductory and
why we care about validation, and sometinmes ['Il put it in
quotes, and other times I won't, and then we'll foll ow
this afternoon after lunch with two particul ar exanpl es,
one in the UZ and then one in the waste package, of the
particulars of how in two particular areas, the process
nodel ers are comng up with what they believe are valid
representations of their particular conponents that feed
into the performance assessnent.

What |'mgoing to do in this briefing is to talk
through a few definitions of validation just to put it on
a common wavel ength here, the requirements for validation.

The word "validation"” is not used anywhere in Part 63,
the word "validation" is not used in Part 197. The word
"validation" in fact was not used in Part 60 either. In
sone of the background docunments to Part 60, the NRC had a
| ot of excellent dialogue about that particular word and
how that word is used comonly in a scientific endeavor
versus how that word is used in a decision naking and a
regul atory and a |icensing kind of endeavor.

But the word "validation" still exists, and we

want to talk to it and tal k about what it neans to us and
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what it means to the process nodel ers.

We'Il briefly go through some general |essons
| earned from sonme international efforts, |ook at sone
perspectives that have come out, one is a very recent NRC
conbi ned White Paper, | think they call this, NRC, and the
Swedi sh equi val ent SKI, and the fol ks down at the center
have a White Paper that came out in April on their
definitions, if you will, of validation.

And then we'll talk about some general approaches
to devel op confidence, starting first with confidence in
t he safety case, then going to confidence in the
performance assessnent that supports that safety case, and
t hen going down | think where the panel and the Board is
nost interested, and that's the confidence in the nodels
t hat support the performance assessnment that supports the
saf ety case.

So if we go to the next slide, just a few
definitions. First off, it's a conparison, you know, of
the nodel, with sonme rel evant observations, whether those
are experinental observations which m ght be in the | ab,
or in the field, analog type studies, whatever the
conparison is, is conparison of a nodel prediction of how
a particular process is behaving, with direct observations
related to that particul ar process.

This is comng froma quote from | AEA back in the
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early Nineties. A nodel is considered validated when
sufficient testing has been performed to ensure an
acceptabl e I evel of accuracy. Well, the definition of
acceptable will vary, depending on the specific problem or
t he question being addressed or asked of that nodel. So
the acceptability of the validity, if you will, is then
tied to the intended use of that particul ar conmponent,
that particular nodel as used in some kind of application.

The application of course we're tal king about is those
nodel s as they're |inked together to make sone assessnent
of how we believe this system behaves or perforns.

Al so comi ng from anot her quote, which is sonewhat
subj ective assessnment, there's no objective determ nation
that this nodel is valid. [It's sonmewhat subjective based
on the record, based on that the individual investigator,
pl us the reviewers of that individual investigation has
cone to, using all pieces of information to support that
particul ar aspect of the system

| do have in the back of the handout, the direct
quotes from Part 63 and Part 197 on reasonabl e assurance
and reasonabl e expectati on, because that's really where
validity or confidence conmes in froma regul atory
perspective, is in those two ternms. And the direct quotes
are in the back. These are just paraphrases that proof is

not to be had in the ordinary sense of the word. EPA has
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required |l ess than absol ute proof, because absol ute proof
is inmpossible to attain.

You know, perhaps this is where our peer review
was going, that in determ ning probable, where their
definition of probable was an exact, precise prediction,
it says that's inpossible. You know, absolute proof is
not to be had. There will still be retaining
uncertainties, in particular over the tinme franmes that
we're dealing with. W just do not have direct
observations over the tine frame, or the spacial scal es of
i nterest.

And then they both acknow edge that there's
greater uncertainties in making |long-term projections.
That's EPA's words, and NRC s words are denonstrating
conpliance involves use of conplex nodels that are
supported by limted data. You can't exhaustively test
every single conponent of every single nodel that's used
in the performnce assessnent.

DOE brings forward sone of those concepts nore
froma quality assurance perspective is where nodel
validation comes in. Here |I'mquoting fromthe nost
recent version of the QA requirenments docunent, DOE
docunent .

Model s shall be validated to a | evel determ ned

by the intended uses. WelIl, that's really why |I'"m up
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here, because the intended uses of the nodels that Bo is
going to talk about this afternoon on UZ flow and that Joe
is going to talk about on waste package degradation, the
i ntended use is to make an assessnent, to make prediction,
if you will, with uncertainty of how we think this system
perforns.

The i ntended use of that UZ flow nodel is not to
exactly evaluate the exact quantity at ever square
centimeter of rock or within every fracture within the
rock. The purpose of that UZ flow nodel is to eval uate
gl obally the average percol ation fluxes through the
nmount ai n, and on average, how that percolation flux is
di stri buted between the fractures and the matrix, globally
how seepage behaves, not exactly where you m ght expect to
find seeps within the nearest square neter or for ten
square neters.

So the intended use is nore of an average
approximation. It's not the exactness of a particul ar
flow path or a particular velocity that that nodel is
bei ng run. And the sane is true of the waste
package degradation nodel. The intended use is not to say
exactly which package failed and exactly how t hat package
failed, but within the 10,000, roughly, packages that
exi st, what's the |ikelihood of sonme packages failing.

When they do fail, what's the general norphol ogy of that
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failure in ternms of the total surface area exposed
under neat h t hat opening.

So i ntended use of the nodels | think always has
to be kept in mnd. The intended use also incorporates
that those nodels will be used in a probabilistic sense.
The uncertainty in those nodels, the uncertainty in the
paranmeters in those nodels will be captured to the best of
our ability, or bounded to the best of our ability. And
that's the intended use.

So taking Leon's exanple, you know, fromearlier
on waste form which is not one of the ones of subject
di scussion later on this afternoon, the intended use is
just to find how many nuclides cane out into, in this
case, a liquid phase, as a function of tinme, given the
envi ronnental conditions that exist in that package. It's
not a precise nunber

There is a huge amount of uncertainty and
conpl exity, probably 20 pages of that conplexity mentioned
in our own peer review report on waste form water,
chem stry interactions, and the |ack of detail ed
information on that. So it's just much easier to go in
there and say that one I'mgoing to bound. ['mgoing to
defend that bound, et cetera.

The QARD al so acknow edges that the validation

will be acconplished by conparing the analysis results
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agai nst data acquired fromlab, field, natural anal ogue or
subsequent rel evant observations. |If you don't have any
data from any of those sources, it says use an alternative
approach. One of the alternative approaches is a peer
revi ew of that nodel, that conponent of the assessnent.
But generally, and I can't think of any area where we
don't have some technical information, sone data, whether
it be |aboratory data or in situ data, and in many cases,
anal ogs that support the nodels that are being used.

Okay, going on, the international community has
wor ked on nodel validation for the | ast decade and a hal f,
or so. |In fact, it started before the tinme franes | have
there, but the earlier tines were nore focused on
sof tware, focused on code, conparison, conparison of
different codes. They quickly realized that it wasn't
codes that were the issue. Generally the codes, if one
had the same conceptual nodel and was nodelling the sanme
processes, the codes were nore or |ess given the sanme
answer. You know, you could have pulled off the shelf
petrol eum reservoir engi neering code from Conpany X, and
flow and transport code from Lab Y, and gotten the sane
result. And that did happen, you know, lots of tines in
the m d Ei ghti es.

The issue was in the analysts. The issue was in

the data and the conceptual understandi ng as one applied
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t hat piece of software. So essentially, there's about
four, and there's probably sonme that |I'm m ssing here, and
| apol ogi ze to any who m ght have been involved in others.
One related to flow and transport type nodels, one
related to geochem cal nodels, one related to vitrosphere
nodel s, and one related kind of to near-field nodels.

To the best of ny know edge, there's no
i nternational nodel conparison of waste package material s,
waste formtype nodels. So you're hitting the natura
system type nodels and the biologic systemtype nodels.

But these have been going on for a nunber of
years. | tried to sunmarize the | essons | earned very
sinply on the next page. |It's kind of difficult with the
wi de range of studies, w de range of principal
i nvestigators, a w de range of countries and anal ysts.
Each of those validation studies | ooked at, you know,
ranging fromfive to tens of exanple field type |ocations
or test |ocations where, you know, five or ten groups
woul d 1 ook at their nodels and try to explain the
observations using their nodels. So making their
assunptions, incorporating what they felt were the right
processes in their nodels, and then trying to assess by
conparison to direct observation whether that's the field.

Many times in situ tests were used as the conparison

basi s.
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What do they conclude? Well, validation is
difficult. So in many cases, different anal ysts,

di fferent groups, |ooking at the sane test configuration,
trying to interpret that test and conpare the results
against the results of that test, they cane up with
slightly different results. So it's a difficult task.

Wiy is it difficult? WeIlIl, in some cases, and
this is their kind of assessment of their own validation
efforts, and I think there's some people on the panel this
afternoon who were intimately involved with sone of these.

I know Chin-Fu was and | think others were, too. So they
can probably talk to their own experiences associated with
these international validation efforts. | don't know if
there's any NRC people on the panel this afternoon who
were directly involved with this, too. So they can give
you their own read, and it mght differ with these, and
that's cool.

But there's a thorough understandi ng of the
processes. If you didn't factor in a process into your
nodel , and that process was in fact driving that test,
then clearly you had sonme difficulty in explaining the
results of that particular test. That was especially true
in a nunber of the flow and transport studies done
earlier, some of the work, there were actually processes

in and around the drift that the nmobdels did not have in
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them some of the coupled processes that the nodels didn't
have in them so they didn't explain sone of the
observations very well

They did acknow edge that some conparison wth
experinmental results, and this m ght be | aboratory
results, did enhance the confidence in the nodels. 1In
many cases, detailed conparison with the tests, detailed
conparison with point values fromthe tests, was very
difficult to achieve. But sone integrated--and | used the
word performance measure here, that m ght not be very
precise--but a little nore integrated nmeasure of that test
was reasonable to achieve.

You know, it was difficult to achieve exactly
where water m ght be dripping, but reasonably, npbst people
were able to predict how nmuch water was dripping. So
there's a distinction between, you know, the precision or
| ocati on or accuracy versus sonme average characteristics
of the system

And t hey acknow edge that by conparing different
conceptual nodels, even the sane anal ysts conparing
di fferent conceptual nodels, it gave useful insights into
the validity of the nodels for their intended purposes.

Switching gears fromthe international to the
recent NRS/ SKI White Paper, just a few bullets to try to

capture the main essence of that White Paper. First off,
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a point we've made already is the level of confidence
required for nodel validation or for a particular nodel is
tied to the inportance of that nodel in the decision
maki ng process. You know, if the nodel is |ess
significant, less inportant than the degree of validity or
t he degree of confidence, you know, one requires in that
nodel is sonewhat | ess than something that's of major
significance to the performance or to the decision making
process.

They also go on to say, not surprisingly,
considering the words | gave you earlier about reasonable
assurance, that exact prediction is neither expected nor
required. Goal is to establish the adequacy of the
scientific basis and denonstrate it is sufficiently
accurate for its intended purpose.

They go on with, in the next slide, with an
example, | think they call it a validation strategy of the
steps that in particular NRC and SKI woul d expect to see
in a normal application of devel opi ng confidence of the
application of the nodels, starting first with a
conpl i ance denonstrate strategy, determ ning the goals,
determ ni ng the existing degree of validation, conparing
the goals with the existing degree, deciding whether to
revise the strategy, and then finally obtaining additional

i nformati on.
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If I go to the next slide, I make an attenpt to
conpare those steps in the strategy with what | woul d
argue is DOE' s inplenmentation of that strategy as we laid
out yesterday for you, and as was laid out in fact in the
VA for you prior to the NRC/ SKI White Paper being
rel eased. And quite frankly, as | was | ooking at this
| ast night one nore tine, | realized | probably should
have broken this DOE inplenmentation up into the VA versus
the SR, like | did yesterday, because there's different
references | would have used for the VA inmplenentation of
effectively this strategy fromthe SR inpl ementation of
this strategy. So I'lIl wal k through that as we go.

First, define the conpliance denonstration
strategy. Well, that's what both Abe and M ke Voegel e
presented to you yesterday. The conpliance denonstration
strategy is, in DOE s parlance, the repository safety
strategy. The repository safety strategy is in Rev. 3 in
draft formnow, |ooking forward to the SR

In the VA time frame, it really was captured in
Vol une 4 of the VA. There was a repository safety
strategy that went hand in hand with Volunme 4 of the VA,
but they were consistent and had the sane informtion
wi thin them

The goals for nodel validation, i.e. how nuch

validity--by the way, you won't find the word "npdel
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validation" | don't think in VA Volunme 4, nor will you
find the word "nodel validation"” in the repository safety
strategy. But in both cases, they tal k about confidence
in nodels, or uncertainty in nodels. So confidence is
like validity, and uncertainty is |ike one over validity.

So you'll find the sanme, or one mnus validity,
I'"mnot sure, you'll find the sane thought process in
Vol une 4 of the VA and in the repository safety strategy
wi t hout using the term nol ogy.

So the goals for nodel validation, there's tables
in Volume 4 of the VA and the repository safety strategy,
in the very fact that it's sonewhat divided between
principal factors and factors, is really defining the
goals with respect to the significance. And that
significance has buried in it already the uncertainty in
that particular factor. So it's somehow enbedded
qualitatively in that factor. And of course in the
ultimate SR and VA, it's in there quantitatively. But in
the repository safety strategy right now, it's in there
qual itatively.

Determ ne existing degree of validation. You
know, the Volune 4 of the VA gave, in those tables, gave a
sonmewhat qualitative, subjective, because renmenber
validation is subjective, assessnent of the degree of

validity of each of the conponent parts used in the
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TSPA/ VA.  Sone things we had a hi gher degree of confidence
on. Sone things we had a | ower degree of confidence on.
I think that high degree of confidence/low degree of
confidence was nore or | ess endorsed by the peer review
They m ght have differed in a few areas, but we said, you
know, cl addi ng was probably of noderate to | ow confi dence,
and | think the peer review probably said low to very | ow.

But it was close to the sane order of nagnitude.

The next step is to conpare the goals with the
exi sting degree of validation. Well, the Volune 4 of the
VA did exactly that. It said here's ny goal for the
degree of validity I think, or we, the DOE, thinks is
needed for that conponent of the system based in part on
its significance to post-closure performance, and here's
my current confidence |evel and, therefore, here's what |
think I need to do. So that conparison really was in
tables within Volune 4 of the VA

The deci sion point then cones after the VA and
the project officer went through that decision point of
whet her to revise the conpliance denonstrati on strategy.
One part of that revision can be go out and get additional
information to renove sonme of that uncertainty. One part
can be go revise the design to accommopdate sone of that
uncertainty. And, in fact, the project did both of those

avenues. It did revise the design, and it did update or
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is in the process of updating the strategy to reflect that
new desi gn.

Oh, here's the other one. Obtain additional
information to support the validation. So for those
things that are still inportant, for those things that
still need to be of sufficient confidence for the intended
use in post-closure performance, go out and gain
additional information. And I think Mark Peters yesterday
af ternoon, and Jean this norning tal ked to those areas
where the project is focusing its resources to do that
additional information with respect to this strategy.

So in a way, you know, this strategy, the
val i dation strategy, as inplenented, is inplemented within
the repository safety strategy and all the supporting
anal yses and docunents that are behind the safety
strategy.

Okay, other people have had sone insights with
respect to nodel validation. The TRB tried to capture
here a few of those--1'"mnot sure whether in TRB reports
the word "validation" explicitly is used, but |I'msure the
word "confidence building"” is used frequently throughout
the reports.

It's acknowl edged in some of the TRB writings
that to make robust decisions, and at each step, decisions

are being nmade, there's decisions nade on the sufficiency
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of data, sufficiency of nodels, sufficiency of analyses,
i ncludi ng PA anal yses, sufficiency of the safety case, and
ultimately, you know, the sufficiency of decision,
sufficiency of the information to support a decision. And
that's not only technical information. There's a |ot of
ot her inputs into that decision, clearly, as the Board has
poi nted out numerous tines.

But the technical side acknow edged that first,
these robust decision can be made if the uncertainties are
fully and accurately addressed, so we acknow edge them
address them evaluate their significance to the
perfornmance assessnent, to the safety of this system
Carry out those sensitivity studies using different
assunpti ons, and show conpliance with a high degree of
margin. So those three aspects would all ow one to nake
nore robust technical decisions.

Identify how the PA conclusions will be used to
make those decisions. And I think we tal ked about that a
little bit yesterday with respect to the sensitivity
anal yses, the uncertainty anal yses, et cetera. And make
sure that the PAis as transparent, | would add as
possi bl e--maybe you woul dn't add that word--you'd just say
make it transparent. Make sure the assunptions, their
basis and effects are clearly and explicitly stated, and

you'll get to that this afternoon with two of them on UZ
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flow and on waste package. Make sure the key paraneters
are traceabl e and nake sure that TSPA has undergone an
i ndependent review, which of course the VA did undergo.

Now |'d like to shift and talk to kind of from
the top down, and as an introduction nore or less to Bo
Bodvarsson and Joe Farner this afternoon. And the top
down i s having confidence at each stage of the decision
maki ng process, starting with the safety case, goi ng down
to the performance assessnent that's a part of that safety
case. It's not the only thing in that safety case, but
it's a part of it. Down to the nodels used in the
performance assessnent, and finally, down to the data and
i nformation used within the nodels.

I'"mjust going to give sonme general words here.
Bo and Joe will talk this afternoon essentially about this
one, and with probing, I'"msure you'll get down to this
one that supports this one, confidence in the data and
information to support their nodels.

Starting with the top and goi ng down, the general
approach to devel opi ng confidence in the safety case is
what M ke and Abe tal ked to you yesterday about. | nmean,
the repository safety strategy |ays out DOE s approach to
havi ng confidence in the overall safety case, but it's
tied first to the robustness of the system which you

could say are directly related to the TRB insights that we
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had on one of the previous pages, and it's also tied to
the quality of the assessnents used to support that robust
system

So it includes a well defined PA approach,
conponent nodels that contribute with a high degree of
confidence, relevant data have been considered, and result
are fully disclosed and subject to QA and revi ew.

So these words are in part fromthe repository
safety strategy and they're in part fromthe OECD NEA
Whi te Paper on building confidence in safety assessnent.
But they're the same words.

The next step below the safety case is the actual
performance assessnment conducted in support of that safety
case. And there, kind of the steps or the approach is to
first identify the levels of inportance of the individual
conponents that affect long-termsafety, identify the
degree of validity in those conponent nodels. This really
goes down now to the next |evel bel ow, because the
confidence in the nodels is down at the process |level, the
confidence in how those nodels interrelate is at the TSPA
| evel, and how the inputs fromone go into the--or the
out put fromone go into the inputs of another.

Identify the full suite of reasonable
alternatives. You mght classify those as features,

events and processes that are either included in the
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anal yses or explicitly excluded fromthe anal yses, and the
basis for their exclusion is docunented and justified.

There's screening of the features, evens and
processes, and there's also screening of the individual
sub- conmponent or sub-system or conmponent nodels to
determ ne those conponents of a nodel that need to be
carried forward into the assessnent of perfornmance.

The next page, not only are there nodels in the
application of the performnce assessnment, but there's
paranmet er values within those nodels. There's as nuch, or
needs to be as much scrutiny on the paraneters within the
nodel s that are used and abstracted and i ncorporated in
the PA as there is in the nodels thenselves. So there can
be sub-system or conponent screening of paraneter
uncertainty, and the significance of that paranmeter
uncertainty, and which parts of the paranmeter uncertainty
need to be directly incorporated in the performance
assessnment .

Finally, there's an evaluation of the system
performance to the effects of those uncertainties, and
this in part is to help evaluate quantitatively the
barrier inportance of individual conmponents of the overall
system And, finally, last but definitely not |east,
is to docunent all of the above in a manner that allows

one to transparently and traceably see how the concl usions



© 00 N o g A~ w N P

N NN N NN R R R R R R R R R R
aa A W N P O © 00 N oo 0o~ w N+, O

322
wer e reached.

The next page was in there for the graphical
pi cture of devel opi ng confidence fromthe data up through
the TSPA. It's fromyesterday. W can skip over that
relatively quickly and go on to nore or |ess the | ast
introduction to this afternoon's talks, which is the
approach to devel opi ng confidence in the actual nodels
that are used within this prediction of performance.

We tal ked yesterday about a wi de range of npdels.

There's sonmething |ike 40 anal ysis nodel reports that are
directly fed into TSPA. M ke Lugo talked to you about a
total of 168, | believe, analyses and nodels that support
those. So it's those that we're tal king about, and |
t hi nk Bo has probably, correct ne if I'mwong, 30 of
them and Joe Farmer has 20 of them So you'll be talking
to those 50 this afternoon, or a subset of them depending
on how nmuch time we have.

But in general, the confidence building in the
nodel s thensel ves i s based on their conparison to direct
observation, |aboratory observations, field observations,
anal og studi es as appropriate, and sonme peer review if
appropriate, if there's no other source of information.

And | want to say the appropriateness of each one
of these sort of depends on the type of nodel. You know,

for Bo, he'll talk nore about field tests and a little bit
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about anal ogs. For Joe, he'll talk nore about | aboratory
experiments. So the type of information used to support
the validity of the nodel really does depend on the nopdel

In conclusion, all I"mup here for is to kind of
i ntroduce this afternoon. But validation is a process,
you know, for providing increasing |levels of confidence as
one goes through a decision making process. One gains
information. It is the scientific method, if you wll.
One gains information, one tests that information using
nodel s. One revises nodels with new information, et
cetera. But it's a process that one goes through.
There's no black and white, yes and no. There's varying
| evel s of confidence. Those nodels as they're
i ncorporated, incorporate that uncertainty as appropriate.

The second point is that the nodel validation
approach that the NRS and SKI laid out in their Wite
Paper really is nore or |less what the DOE is foll ow ng.
DOE calls it sonething slightly different, but it is nore
or less follow ng those same six steps in the approach
laid out in the White Paper.

And, finally, as |I've said several tinmes, Bo and
Joe will talk in much nore detail about their particul ar
parts this afternoon

So with that introduction, Dick, I'll turn it

back to you.
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PARI ZEK: Thank you. Questions fromthe Board?

Chai rman Cohon?

COHON: Thank you. Let ne offer, suppose you had two
different goals for your nodel, for a nmodel. One is to
estimte the expected value of dose, and the other is to
esti mate expected val ue of dose and the variance of that
dose. Would you expect that that would have different
inplications for validity of the nodel and underlying
nodel s?

ANDREWS:  Well, first off, as soon as | determ ne the
expected value, 1"mgoing to have the variance around t hat
anyway, because the expected already is a nmean, and has a
vari ance around that.

COHON:  Ri ght.

ANDREWS:  So | can't--

COHON: But what | nmeant by this, and | should have
been cl earer. Suppose the variance of the dose was a
decision criterion as well as the expected val ue of the
dose. Do you think that would have inplications

ANDREWS: | think so, yeah. | think I would--1"'d
have to think through how t hose nodels are incorporated,
and we are incorporating the uncertainty in those nodels
to get that expected val ue regardl ess.

COHON: So the question is whether you would do it

differently if the variance was also a decision criteria.
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ANDREWS: | don't think--

COHON: O would there be a higher |evel?

ANDREWS: | don't think dramatically differently. |
mean, we'll be comng up with an, if you will, a PDF on
dose, you know, over the 10,000 year tine period. There
is a point on that PDF called the expected value. But the
full PDF will be there. It will be there as part of the
analyses. | think that it's the sane, and whether the
regul ati on, you know, the old 191, asked for a CCDF of
rel eases, you know, at the accessible environnent
boundary, that had to incorporate uncertainty in the
nodel s and uncertainty in the paraneters into it. And
what we're doing is not dramatically dissimlar fromthat.

COHON:  Ckay.

ANDREWS: | don't think it changes really, and now
you're going to throw me the next question and |I'm set up
her e.

COHON: No, this is an honest question. | tend to
give you a hard tine only because | find your
presentations so clear and they pronpt, they stinulate
gquestions in ne. And your answers are always very good.
This is not patronizing, and I'mnot setting you up. |
prom se.

Suppose your decision criteria were expected

val ue variance and the confidence, quantification of
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confidence in your estinmated of expected value in
vari ance, so you' re have three or maybe four criteria. Do
you think that would have inplications for nodel validity?

ANDREWS: Yes, there | would, because | think there
will be areas where we will go in with what we believe is
a denonstrabl e and conservative bound, and we won't test
every bound, and it's the range within that bound, and
it's significant, which if you wanted that |ast step, the
confidence level, | think you would want to do that.

You'd want to really incorporate every part, and the ful
range of every part.

COHON: Thank you. On Slide 11, you tal k about the
very first sub-bullet under nore robust deci sions,
uncertainties are fully and accurately addressed, and of
course we all agree with that. | would |like to see, say,
fully and accurately addressed and conmuni cat ed.

There's an issue here of whose decisions we're
tal king about. [|I'mconfident that the programw || be
addressi ng these uncertainties to support the programs
deci si on maki ng, but | think that your understandi ng of
those uncertainties also have to be comuni cated to others
who have decisions to make, including this Board and
political decision makers. That wasn't a question.

Finally, just sort of a semantic discussion,

which | think is more than semantics, | have a probl em
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with the idea of degree of--the degree to which sonething
is valid. To nme, validity is |like perfection, either
valid or not, you' re perfect or not. But we all knowit's
incorrect English to say nore perfect, |ess perfect.
Degree to which you are perfect, the degree to which you
are valid.

Now, the reason | think it's nore than semantics,
t hough, is that it seems to nme that | |iked your structure
very much. You have to understand the goal for the nodel
the role that it's playing, and what we denmand of the
nodel , and on that basis, and only on that basis, can you
decl are sonmething valid or not? The degree to which it's
valid, to use your phrase, really is a statenent of our
confidence in its validity.

So it seenms to ne that what we're really after is
a statenent that it's valid for this purpose, and ny
confidence in that claimis this. Am1| off base here, or
is that consistent with what you nean by degree of
validity?

ANDREWS: | think the degree of confidence, can you
have a degree of confidence? And | equate confidence and
validity as synonyns, and if | can have a range of degrees
of confidence, then | can have a range of degrees of
validity.

COHON: So this is what you really nean by degree of
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validity.

ANDREWS:  Yes.

COHON: It is the nodel is valid for this purpose at
this degree of confidence.

ANDREWS:  Ri ght.

COHON:  Okay, thanks.

PARI ZEK: Paul Craig?

CRAIG Craig, Board. This is in a sense a follow on
to Jerry's comments on variance and margin of safety. As
you were talking, | was thinking that | hope | get to fly
home at some point. Maybe |I will, given the storm And I
hope the plane will work right.

There are a | ot of subjective elenents that go
into this, and your presentation nade that very, very
clear. How good is good enough, is what we're talking
about. And what |'m concerned about here is the |evel of
confidence the user has in the whole process, sone
ultimate user, in ny case, the person who's going to fly
on the airplane and hopes to get there, and what |'m
concerned about is the difference between whet her
sonmething will probably work versus the idea that it wl]l
work with a really high level of reliability. If I
t hought that the airplane was only going to probably work,
I m ght decide to take the train.

Now, when we | ook at the regul atory perspectives,
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whi ch you have here, they don't seemto be very concerned
about a high probability of it working. They use these
wor ds "reasonabl e assurance” and "reasonabl e expectation,”
and you properly |l abelled those a di scussion on acceptable
| evel of accuracy.

And so what 1'd like to get us to do is to
reflect a little bit in the context of our expectations
for this 10,000 year or nore performance of Yucca
Mount ai n, whet her reasonabl e assurance and reasonabl e
expectation is really what we're after, or are we after
sonet hi ng substantially nore than that? And perhaps
that's what the Board is getting at when it tal ks about,
as shown in the slide that was up there just a nonment ago,
as goi ng beyond the standards in order to enhance
confi dence, or going one step beyond, neeting the
st andards robustly.

But what I'mreally focusing on is the difference
bet ween reasonabl e and high confidence, if there is such a
di fference.

ANDREWS: | don't know if there's a difference of
not, Paul, quite frankly. Maybe | should stop at that
because | can see ny nmouth opening and inserting a foot.
Maybe somebody from a nore regul atory background than |
can tal k about reasonabl e assurance and reasonabl e

expectation versus--1 mean, | think varying here is
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scientific--1 have the full quotes at the back. You know,
there's a scientific, they don't use the word validity,
but scientific confidence in the underlying assunptions,
under | yi ng assessnents, the underlying judgnents that had
to be made by the analysts as they applied |imted
information, and it will always be limted information,
limted base, limted time, as they apply that information
to their nodels for the intended purpose.

You know, Abe, if you want to add sonething to
get me out of this jam here?

VAN LU K:  Yeah, | was not going to shed light on
this, except to ask for a clarifying statenent. Wen you
get on an airplane, don't you have a reasonable
expectation of getting home? O herw se, you wouldn't have
gotten on the airplane. And | think it's an individual
i nterpretation of what those words nmean. |If | wasn't

reasonably sure that this airplane was going to take nme

home, | wouldn't step foot init, and | think if we are--
and the key is reasonable. If you have an unreasonabl e
fear of flying, none of this applies. [If you have an
unreasonabl e fear of DOE, you will never have confidence

in anything that they do.
So | think, you know, what we're tal king about
here is your individual interpretation of what is

reasonabl e or unreasonabl e.
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HANAUER: M background is in nucl ear power plant
safety, and reasonabl e assurance is intended to be a very
hi gh standard, in spite of what the dictionary m ght say
about the word reasonable, and in spite of what M. Clark
said yesterday. | sign a lot of ACRS reports to the
Chai rman of the Atom c Energy Conmmi ssion, as it then was,
and the conclusion was that we found reasonabl e assurance
that the proposed plant, or the operation of the plant as
bui l't, would not cause undue risks to the health and
safety of the public. And we intended that to be a very
hi gh degree of assurance.

PARI ZEK:  Priscilla Nel son?

NELSON: Hi. I'mrecently having a | ot of
conversations about nodel based sinul ati on of perfornmance,
and as an interactive, what you m ght call some aspect of
validation, is a two-way street where a nodel feeds back
into the experinmental environnment, which feeds back into
t he nodel, increasing the confidence in the nodel. And it
seened |like this discussion was very much one way, with
t he experinents putting into the nmodel rather than having
t he nodel feed back into the experinmental scenario. So
that was one observati on.

I think another observation that | had just from
my perspective would be I'mnot sure what 1'd do with, for

example, if you had two nodels that we're try to, like for
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exanmpl e equi val ent and conti nuum and fracture fl ow, where
it may well be that the input data are so different in
character, and what you know about that input data is so
different in ternms of quality perhaps, or confidence, that
it beconmes very difficult to talk about, you know,
val i dati on of one or the other, and what you do about the
t wo.

It's sort of the second observation that |I'm not
cl ear about after your presentation. And the third one is
about the prospect of if you validated the nodels, such as
Joe Farnmer and Bo are going to tal k about this afternoon,
is the conmpounded nodel that includes those al so
val i dated? O how do you investigate that?

ANDREWS: Okay, | realize those were observations,
Priscilla, but et me assure you that trying to conbine

the first two observations, although I m ght have | ooked

at this linearly, you know, do a test, do a nodel. In
fact, it is inreality a very iterative step. In nost
tests, before the test, there's a nodel. In many cases,
not all, in many cases, that nodel is a quantitative
nodel , you know, assessing pre-test what you think you're

goi ng to observe, and the timng and frequency that you
need to observe the things that you' re going to observe.
That nmodel then, once the test is ongoing, is

conpared agai nst the actual observations, and in sone
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cases, nodified. That m ght be called a calibration step,
you know, of the nodel rather than the nodel being applied
in a direct predictive sense. But then the nodel is
applied to predict the next phase of the test. So it's
iterative between nodel test, nmpdel test, nodel test.

NELSON: That's nore of an update sense, rather than
have the nodel feed right back into the experinmental
environnent in terns of defining what the experinments
ought to be, and what the data acquisition ought to be.
It's nmuch nore of a two-way thing.

ANDREWS: Well, | think in reality, it is a two-way
t hi ng.

NELSON: Okay.

ANDREWS: And if | take the exanple, and maybe Mark
Peters can chime in here, but if |I take the exanple of the
drift scale test, |large scale heater test, there were a
number of pre-test predictions of that test. There are a
number of predictions going on during the test. There is
a decision to be nmade that those nmodels will help nake.
That decision to be made is when to turn it off and when
to I ower down the power output, or increase the power
out put .

That decision--1 think it's going to be | ower,
not increase--but that decision point will be in part

based on the nmodels, and the nodels saying this is a
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reasonable time to stop that test, because |I've maxi m zed
the utility and the spacial extent of that test for the
pur poses of that nodel.

So the nodel is used beginning, in the mddle,
and at the end, you know, for real decisions on real
tests. The same thing is probably true, although |I can't
speak to it as well, is the cross-drift testing. | know,
or ampretty sure the LBL fol ks have done a | ot of pre-
test, and LANL has done pre-test predictions of what they
think they're going to observe. And in fact those pre-
test predictions will help to design the actual test
| ayout .

So, you know, | think it does happen. Maybe we
need to portray it in that sense, you know, as a
confidence building conceptual pre-test, test conparison
back of test against the pre-test to show people, you
know, that there's continual |earning and updating and
revision, nodification of the actual nodels.

NELSON: It seens like this will get you closer to
have a site specific tool, where, you know, it's the
general concept of a nodel is, to ne, you' re going to
validate it for the experinent specific and the site
specific data input and processes that you nodel |l ed.

ANDREWS:  Yes.

NELSON: | nean, it's a very focused validation.
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ANDREWS: Yes, it's focused on that hunk of real
estate to which those stresses have been applied. And
that's what you can do. You cannot stress the whole
nountain. You can stress this hundred cubic nmeters of
rock. And that's what you do and conpare it to the nodel

Your third observation, if | can junp to that
one, the actual intended uses over spacial and tenporal
scal es, the exact test does not capture. Clearly, we're
| ooki ng at 10,000 years, and we're |ooking at spaci al
scal es on the order of hundreds or thousands of neters,
not meters to tens of neters. So there's always a--and
that's | think the point in one of those, you know,
val i dation | esson | earned, was sone integration of
performance, if you will, provides a little higher degree
of confidence for the nodel for its intended use than a
direct conparison to specific test information.

But the hooking up of the nodels, you know, that
| talked to a little bit yesterday with kind of a sub-
system performance eval uation that you coul d conpare those
ri ght back to, you know, the nodel output. You could
conpare those things.

NELSON: But | could inmagi ne sonme cases where they're
not i ndependent nodels, where there is nodel interaction.
ANDREWS: There's a | ot of nodel interaction.

NEL SON: A |l ot of nodel interactions. And,
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therefore, the exercise of validating a conbi ned nodel is
different fromone of doing one of the individuals.

ANDREWS: That's true.

NELSON: How do you do that?

ANDREWS:  You turn off sonme of those interactions and
make sure that at |east that part of it works. You can
only |l ook at how information flow, how nmass fl ows and
wat er flows and nuclides flow through the systemin making
sure you are conserving mass and water and nuclides. That
you can do.

NELSON: Thank you.

PARI ZEK: Debra Knopman?

ANDREWS: | think Joe wants to add sonet hi ng.

FARMER: |'d like to make one comment about
i nt egrated nodel s, because that's a situation we have with
t he waste package. And | think in our particular case, we
nmeasure threshol ds, which Bob's group uses these
thresholds as switches to switch fromone failure node to
another. So we actually do have specific testing where we
go in and make sure that these switches are appropriate,
and that the thresholds for switching these nodes of
failure on and off are correct.

So | think there are sone ways that we can go in
and test and validate these integrated conceptual npdels,

if you will, and we're trying to do that.
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KNOPMAN:  Knopman, Board. Insofar as your, | think,
the programis trying to focus on site recommendati on, and
t he deci si on maki ng environment that you're going to be
operating in there, are you or is it being contenplated,
or have you already or are you contenplating doing sonme
elicitation or interview ng or some discussion or focus
groups with your decision makers, both at the departnental
| evel and in Congress? Because |I'mnot so sure there's
folks with technical training, and | egions of papers have
been witten on the subject of differences of risk
percepti on between technical audi ences and | ay audi ences,
and I'm not sure you--1 haven't heard it yet in any of the
presentations that there is an appreciation for how this
questi on of how good is good enough is in fact going to be
processed and dealt with in the decision making arena
you're actually functioning in.
| think you' d learn a | ot about it, and | think
it would influence the research agenda, and certainly the
way you piece together your safety case.
ANDREWS: | agree. | don't know if DOE, Abe or
anybody, wants to comrent or respond.
VAN LU K: Abe van Luik, DOE. That is an excellent
point and it's an excell ent suggestion. What we have done
is we have paid attention in a lot of nmeetings with

different people with different viewpoints, and in fact,
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you know, sonme of the things that we know are not very
i nportant to performance, we intend to keep nonitoring
t hem because they are so inportant to people's
perception.

On the other hand, we are trying to make an
effort to focus and close a programto answer a question
and nove on, so there's attention between those two, and
your idea of perhaps investigating this with some focus
groups is an excellent idea. Frankly, | hadn't really
t hought about doi ng that.

PARI ZEK: Dan Metl| ay?

METLAY: Dan Metlay, Board Staff. You have made the
poi nt several tinmes that the |evel of validity/confidence
in a nodel is related to the decision to which that node
will be used.

One could argue that the site suitability
decision is in sonme sense | ess consequential than the NRC
i censing decision, and therefore, one needs |ess
confidence and perhaps by extension, less validity in the
nodel at site recomendation than at |icensing.

But the converse argunent could al so be made,

t hat the npbst consequential decision is the site
suitability decision and, therefore, nore confidence is
needed at that point than perhaps at any other point.

| guess | have a two part question. First, to
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what extent are different |evels of confidence going to be
attached to site recomendation and |icensing? And since

we' ve tal ked about confidence in a nmetric, how nuch

difference will there likely to be?
ANDREWS: | guess |I'mthe point guy on this question.
But I'"mgoing to turn it over to Abe probably in just a
second.

Qur perspective is, you know, both decisions are
very crucial, hard, scientific, technical, sociopolitical
decisions. A lot of inputs into both of those decisions,
|'"ve talked to just one technical aspect of the decision
with respect to scientific confidence in the anal yses and
the nodels, and the full suite of anal yses and nodels
goi ng actually down to, you know, their scientific basis
wi |l be discussed in nore detail this afternoon.

So both deci sions have that sane degree of
scrutiny, of test, if you will. | think there are--now
l'"mgoing to speak a little bit for myself, so sonebody
from DOE probably should tal k up. The anmount of data,

M ke Lugo went through yesterday the qualification aspect,
you know, the data qualification froman NQAl regul atory
perspective at the different phases of the assessnment, you
know, 40 per cent at Rev. 0, 80 per cent at Rev. 1, 100
per cent at LA.

As one goes through that process of making sure
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the data are qualified froman NQAl perspective, and the
nodel s are qualified and the software qualified, some
addi ti onal boundi ng may occur between the SR and the LA
based on the SR anal yses and based on the safety case
that's witten after the SR anal yses are conpl et ed.

That's not to say it's any nore defensible.

It's just that probably sonme of the data sets
that may be difficult to qualify, you m ght want to renove
that as an issue of concern to the regul ator between the
SR and the LA, and go in with even nore bounded anal yses
for certain parts in the LA. That's a decision that's
TBD. You know, | don't want to say that's a firm
deci sion, and maybe Steve or Abe would want to tackl e that
sane question. O nmaybe we'd |ike to break.

PARI ZEK: No, we can't take a break.

VAN LU K:  Abe van Luik, DOE. | think Dan brings up
an excellent point, in that the audi ences for these two
deci sions are very different. And, in fact, | think we

are much nmore confortable with a very technical audi ence
such as the NRC presents than we are with the political
deci si on maki ng process which will be the SR s chall enge.
And | think when you | ook at that, the degree of
confidence that we need for both is probably conparable,
but the way that we present it would be different.

We can talk very technical and very detailed to
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the NRC, but | doubt if we can convince a congressman
with, you know, how high the footage is on the
docunentation that we bring in. Wth a congressman, we
have to make argunents that sound pl ausi ble and
reasonabl e.

And so | think it's the way that the confidence
is presented that's very different, but the degrees of
confidence are probably conparable. And the original
degree of confidence that we had when the two docunents
were very close together would have been exactly the sane.

But it's a difficult issue. |It's the packaging for the
two different audiences is different.

METLAY: Can | just follow up with a real quick

foll owup question? You cited sone what you call ed
insights fromthe NWIRB on one of your slides, and one of
the coments that the Board had nmade was noticeably absent
in that, and that was the notion of establishing
bef orehand sort of standard of confidence. And sort of
the analogy |I've used in the past is shooting an arrow at
a barn, and then placing the target around it and
declaring I've hit a bull's eye. And it's a lot easier to
under st and confidence if one knows what the target the DOE
is shooting for ahead of time, rather than possibly after
the fact.

And |I''m wondering what the DOE's thoughts are
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with respect to confidence, both in terms of sonme of the
paranet ers that Chai rman Cohon nmentioned, the expected
val ue of the variance or the |evel of confidence. WII we
hear about that ahead of tinme, or just after the fact?

VAN LU K: Abe van Luik, DOE. This was Bob's
vi ewgraph. VWhy am | answering this question?

I think the reason that we left--we were very
wel | aware that that was the TRB's suggestion, conmment,
and a serious one. | think the reason we left it off is
because we're tal king here about validation of nodels.

One of the internal requirements for applying the
QA definitions of validation is to define a goal, state
how cl ose we are, exactly the same as with the NRC and
SKI, define a goal, state what our current position is,
and what we're going to do to get to that goal

So at a technical |evel for a nodel, yes, we wl|l
do that. The overall statenent of confidence on our total
system perfornmance assessnent is sonething that we wll
stipul ate what our confidence is in the TSPA/ SR and the
TSPA/ LA. But as far as saying up front what that is going
to be, I wouldn't even know what | anguage to conjure up to
expl ai n what that woul d be.

So at a |ower level, yes, we plan to do that. At
the top level, we have to basically nmeet the | ega

regulatory requirenents with sufficient margin that we
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feel confort in the case that we're making. W are not
going to get on this airplane w thout ourselves having a
reasonabl e expectation that it provides public safety.

PARI ZEK: Parizek, Board. Just one brief observation
about this idea of preval ent expert judgnent. \Wen I
don't have any data, | don't have any nodels, | don't
understand the process, and |I bring in expert judgnent,

and there's a risk to that, because that |eads to the

idea, |ike at West Valley, the distance of travel ground
water will be 2,000 feet, when in fact that probably neans
it's only six feet. It's not perneable at that tine with

the ability to neasure it, or there's no water table
because we can't define it. W don't know how to define
it. So there's always these things in the audit after

t hat conme back and says, well, it's the best we could do
at the tinme, that's all we knew at the tinme, seens to be
al ways a ri sk when you go to experts.

It's nmuch harder to conpare experts' opinion than
it is maybe nodels. You said we could take the sane
codes, different people can produce a simlar result. W
can conpare codes that conme out kind of close by, and fee
pretty good about that. But experts flaunt around a
little bit. |If they're noisy, maybe they're good. |If
they're not so noisy, maybe they're better.

But this probability distribution thing that we
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deal with, how is the programgoing to deal with the
expert judgnment? | know there's a whole protocol for
doing it to nake it reasonable. And maybe, say, you have
to go on with the program and make hard calls when you
have to make them but it seenms to me it's even harder to
deal with that one than it is mybe some of the nodels and
codes that we have to | ook at.

ANDREWS: Let ne try sonmething. Those aren't ny

words; those are NRC's words. But I"'mgoing to get a
di stinction between expert elicitation, the forml process
of eliciting experts that may in fact synthesize |ots of
pi eces of information, fromlots of different geographic
areas and lots of different process understanding, to a
particul ar problemw th somewhat [imted informtion.

You know, an excellent exanple and, you know, how
we're still using themis in the seism c hazards and
vol cani ¢ hazard assessnent, using site specific
information in both cases, but they' re extrapol ating that
significantly, you know, to make an assessnent of
probability of occurrence.

I think what this is getting at, quite frankly,
is the judgnents that really do occur down at the anal yst
| evel as that individual is doing their anal yses or
devel oping the details of their nodel. There's judgnent

i nvolved in the gridding, you know, of a UZ fl ow nodel,
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tremendous judgnent of how to scale properties to the
scal e of the nodel when you don't have direct observations
at the scale of the nodel.

So | think what this is getting at is the
judgments that the anal yst or nodel er is making, you know,
have to be acknowl edged. | think we have excell ent
anal ysts and excell ent nodelers, and Bo and Joe will talk
about sonme of them who are using professional expert
judgment in some of the details of their analysis. That
judgment, of course, the review is checked, it's revi ewed,
it's synthesized in the PMRs, but it still will remain in
any of these things.

So I think | made a distinction between
elicitation process and what really still will be a |arge
anount of expert judgnment by detailed experts who will be
on the stand sone day to defend their judgnents.

PARI ZEK: Thank you. W have to go on with the
public comrent period, and we've taken some of their tine.
Thanks agai n, Bob.
COHON: Thank you, Richard, and our thanks to Bob and
Jean for a very good norning so far.

We turn now to the public comrent period. Let ne
first call on Walter Matyskiela. | probably still
but chered your nane. At least | attenpted it this tinme.

You m ght state it again for the record.
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MATYSKI ELA: This is Walter Matyskiela. People have
been encouraging ne to talk, so I"mgoing to nake a few
comments. | also would like to conplinment the speakers
this nmorning. | think they made very crystal clear
argunments regarding the plans of the program and the
I ssues.

But | think several people began to raise what to
me is the nore fundanmental question than validating codes
or nodels, and that is the idea of concept validation. To
me, this programillustrates sort of a fundanental failure
of the systens engi neering process, as npost people believe
it ought to be practiced in the world, wherein you're
supposed to identify the primary factors affecting the
i ssue at hand.

In this case, the program has steadfastly ignored
the issue of the heat affecting the rock, to the extent
t hat we now have sone exanples that 1'd like to give you
t hat are reasonably absurd. W have, for exanple, a bunch
of tests that have been done at Busted Butte on rock that
is only renmotely relevant to the repository horizon to
begin with, but in any case, whatever you woul d have
| earned fromthose tests would no | onger be relevant to a
repository after the heat had dissolved and redistributed
the silica around inside the nmountain. So all the

hydrol ogi ¢ neasurenents that you nake at Busted Butte
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woul d not be applicable.

Anot her exanple are the niche tests. Those are
very beautiful viewgraphs of all those tunnels in the
nmount ai n, and noving the water down and | ooking at the
rates and the fracture flow and the pores. But once
again, those tests are conpletely neani ngl ess, because
once you recogni ze the possibility that the silica can be
redistributed by the heat and the water, all the
hydr ol ogi ¢ concl usi ons you draw fromthe way the rock
behaves with the water under those anbient conditions are
irrelevant to the way the repository is going to behave
after the waste heat pulse rearranges it.

The third item Jean commented about | ooking at
sand as a backfill for the waste packages and doi ng sone
experiments to neasure the interaction of the water and
t he heat and the sand. Those experinments have all been
done a long time ago. There's a guy nanme Udell who's done
a | arge nunber of those experinents, and | can tell you
t he answer after 20 or 30 days, the sand lithifies. The
quartz sand di ssolves and solidifies itself into a solid
hunk.

There's a fundanmental conceptual itemthat's
m ssing fromthis program and that is the idea that
silicais mobile. It dissolves, it noves around, and it

preci pitates somewhere el se, and that whole, that m ssing
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pi ece, that fundanental conceptual m ssing piece affects
all the nodels and all the validations. [It's a nmuch nore
fundanmental issue than whether the code is correct or
whet her the software is built correctly and whet her the
nodel that the software is representing is built
correctly.

So on the admttedly | ongshot chance that mny high
school daughter's science project turns out to be correct
and that the rock really does dissolve, | admt that
skepticismis appropriate for that, this whole program has
wast ed very, very large nunber of mllions of dollars
doing, and is still doing, tests and anal yses that either
have al ready been done, the answers are obvious, or the
results will be of no value to the program what soever

| guess that's really all | have to say. Thanks.

COHON: Thank you, M. Matyskiela. Steve Frishman?

FRISHVAN: |'m Steve Frishman with the Nevada Agency
for Nuclear Projects. | have two things. One is
housekeeping, and that's with the Board's perm ssion, |'ve

asked Linda Lehman, who also is associated with our
office, to take my place on the roundtable this afternoon
because she was personally involved in I NTRAVAL and |

t hink she has sone experience that is nuch nore val uabl e
for the Board to hear than anything that I m ght say about

nmodel validation in that context.
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COHON: That's fine. Thanks.

FRI SHVAN: The other is | understand that you still
have not deci ded how you want to deal with the draft
envi ronnental inpact statenment that the Departnent of
Energy has put out. And | think, just fromthe standpoint
of my opinion, that you are going to have to deal with it,
and | think it's inportant that you do, first of all,
because you're a public advisory commttee. And the
public, this docunent is to, anmong other things, provide
an avenue for the public to evaluate the project, evaluate
within a context that is an accepted context for all nmajor
federal actions that have significant effect on the
envi ronnent. And people are expected to coment on this
if they have an interest, and | think it's within your
charge as a public advisory commttee to represent the
public in this process.

And |I'm not sure that the way you are constructed
as an advisory comm ttee nmeans that you have to comment on
all aspects of the environnental inpact statenent. |
think it would be reasonable if you stayed w thin your
statutory charge to evaluate the technical validity of the
project, or the program

And | also think that it's inmportant because
you're in essentially a unique position conpared to the

general public who is having to deal with this environment
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i npact statenent, and | think it's inmportant that you have
to bear the same burden that the public does, but you know
a |lot nore, so you know exactly what that burden is. And
that burden is that this environnental inpact statenment is
to acconpany a site recomrendati on, and you've spent at
| east the last day and a half, and much nore out of your
life, fully understanding that the project that is
descri bed and evaluated in the environnmental inpact
statement for site recomendation is not the project that
is the subject of site recomendati on.

And it's beconme just in the |last day and a half
it's absolutely clear that the description of the project
that the public has the burden of trying to coment on is
not the project, the inpacts are not the same. The
i npacts, despite what the EIS says, are not bounded for
t he design to be al nost anything.

So | think while it my seema burden to you to
have to do it, | think your answer can be a pretty sinple
one, and I'mnot going to try to dictate that answer, but
it won't be very difficult to eval uate whether the
Department did a pretty good job in evaluating the inpacts
of the proposed action, because the proposed action is not
t he same as what you know is going to be the proposed
action in the site recommendati on.

So | think the value that you can do in this
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public process, which is sonmewhat tortured, and | think
once again I'll say the public is being inposed upon to
spend what ever amount of effort and resource it can to
comment on a docunent that essentially doesn't represent
anyt hi ng.

Now, | think it's inportant that you sort of,
because of your special |evel of know edge, take the |ead
for the public coment and make your understandi ng known
wi t hout having to do very nmuch digging at all. 1In the
agency where | work, we're having to make a very mmj or
effort on sonething that | feel is a waste of our tinme and
resources, because we're having to eval uate sonething that
doesn't represent what its conpani on docunent, the site
recommendati on report, is going to tal k about.

So | think you could probably help all of us who
are the public, though sonme of us may be under different
roofs of the public, I think you could help by at | east
reviewi ng the draft environnmental inpact statenment
according to your very special know edge.

Thank you.

COHON: Steve, could | ask you a specific | guess
| egal question? |If as you say there is a disconnect
bet ween what DOE eventually recommends and let's say the
Secretary approves and the President approves, with the

alternative in the EI'S, doesn't that di sconnect have to
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catch up with the process at sonme point?

FRI SHVAN: [t's supposed to, yes.

COHON: At least at licensing; right?

FRI SHMAN: No, it's got to catch up in the NEPA
process.

COHON: Okay. The final environmental inpact
statement is supposed to represent, anong other things, a
description of the project. And there are checks in this
process that woul d- -

FRI SHMAN: Right. There are a nunber of ways that
t he Departnent could deal with the fact that the draft EIS
doesn't represent what they even think the project is
today. And there are nmeans of doing that to cone to a
final environmental inpact statenent that in fact a
sufficient statenent.

COHON: I'msorry. | meant checks that exist outside
of DOE itself. | nean, would you have to intervene, for
exampl e, to nake sure to make this point, or are there
check points along the way?

FRI SHVAN: The ultimate is |egal intervention. The
Departnment can avoid that, and they can avoid that if they
get told by enough people that the final environnmental
i npact statenent nust describe the proposed project, or
t he proposed action. And there are ways to get there from

here, but if the proposed action in the final EIS is
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substantially different fromthat that was evaluated in
the draft EIS, there's sonme procedures that have to be
followed. And if those procedures aren't followed, then
people are entitled to seek | egal renedy.

And what |'m asking is that you use your speci al
know edge of the proposed action versus what is described
in the draft EIS as the proposed action, to nmaybe
encourage the Departnment to follow some procedures that
will avoid the intervention, and also will in sone way
mean that the public didn't just totally waste its tinme
revi ewi ng sonething that they should not have been asked
to spend their time and resources reviewing in the first
pl ace.

COHON: Got it.

FRISHVAN: | think that's where the service can be.
You can use what you know to hel p make sure that
ultimately, the process is one in which the public is
genui nely invol ved.

COHON: Thank you. Judy Treichel ?

TREI CHEL: Judy Treichel, Nevada Nucl ear Waste Task
Force.

You know, even if | hadn't wanted to say
sonet hing, after fitting your description of the
unreasonabl e, fearful person, | would have to conme up

here, and | think that's really an inportant thing that
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Abe said earlier. People having reasonabl e assurance,
reasonabl e expectations, but then suffering from an
unr easonabl e fear of DOE, since | live in the west with
ot her peopl e who have previously been down-w nders and
probably still are. And part of that goes to the question
t hat was asked yesterday by Dr. Sagiés when he was asking
about possible health effect in the termthat the public
under st ands health effects to be, not the dead Nevadan,
not the fatal cancer that woul dn't have occurred except
for this problem this project having been inposed upon
t he dose receptor

But, yes, there is evidence and there's a | ot of
tal k now about Beer 7 nmeeting to once again take up the
question of | ow dose radi ati on exposure over |ong periods
of time, and everybody doesn't just drop dead fromthe
ri ght cancer. There are generational things, and the fact
t hat NRC yesterday was confortable in being the person to
| eap to the m crophone and saying no, we only deal wth
| atent, fatal cancers, that brings about a fear, and |
don't think it's unreasonable.

And in the case of Paul's airplane, he doesn't
have to get on it. He never has to fly again if he
devel ops a real fear of flying. And you're talking about
peopl e who are having a site forced on them They are not

consenting adults or dealing with informed consent in any
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way. Nevada is very, very much opposed to this project.
And so the wording, the semantics becone very inportant
when you hear constantly that people have to be able to
def end deci sions, defensibility.

I know it's used one way by the people who work
on the project, but it's heard in another way, and the
ki nd of doing the best we can sorts of attitudes that you
see here, because in the presentations that you see,
there's always an effort to inprove confidence, and it's
usually DOE's own confidence. It doesn't seemto trickle
down to the public that's having this project inmposed upon
them and the enhancenents that are brought up sort of are
intended to rule out ruling out the project.

So one of the things that's wong with the EIS,
and that we conpl ained heartily about all the way through,
is that it didn't require themto state the need for the
project. There was never to be a discussion about whether
or not you needed a Yucca Mountain repository, and that's
basic to everything here, because you're not going to get
a wlling public on a project that they don't see the need
for, and to be expected to take a ri sk.

We're about to go into a discussion with the NRC
very soon about risk comruni cati on and what kind of risk
is reasonabl e and acceptable. Well, for the Yucca

Mount ai n repository, no risk for Nevada, and it's not



356
i ke, you know, you've used the anal ogy that your kid or
your grandchild needs a kidney, and you happen to be a
match, there's a risk involved there. But you woul d
probably decide to do that because of the need, because of
t he benefit, you know, that you could certainly
understand. But you don't take a risk for sonething like
this.

And so all of the confidence, all of the
validity, all of the--you know, | talk about them as
possi bilistic nodels because | don't see that a nopdel
tells you anything. |'ve got a file that 1've started
since this project called things that can't happen, and
it's getting larger and |l arger and | arger, and we've al
seen those things.

So it's very inportant that you pay attention to
this stuff and that you have courage and you really hit it
hard, because the public, as the public representative,

t he public doesn't have any place to take its argunents.
We can't go anywhere to say we don't |like the idea that a
health effect is a dead person. W' ve always cone in too
| ate for when such basic things have taken place, or when-
-you know, Nevadans weren't even on the scope when the
deci sion was nade for a geologic repository, and yet they
have to be the ones that would accept this decision.

So we al ways seemto be kind of out of scope, or
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in front of the wong audi ence, and an awful | ot of these
deci sions are made by Congress, and we really don't have
access. So we have to depend upon the courage of DOE
i nvestigators or the Technical Review Board or the NRC,
and there's a tremendous | ack of courage in sone of those
pl aces. The Techni cal Revi ew Board has been the best
group that we have conme across as far as inviting public
opi nion, making it easy for the public to play a part, and
| really appreciate that, and many ot her people do, too.
You get very high marks in Nevada.

But | wish there was a place where all of this
could be laid out, and it's possible that it m ght be the
focus groups that were nentioned, or the audi ences that
you nentioned to Abe.

Thank you.

COHON:  Thank you, Judy.

I have a question followi ng up on your comment.
| don't know if it's for you to answer or for sonmeone
else. But with regard to the need for--wasn't it dealt
with by Congress in the 1987 act?

TREI CHEL: ©Oh, yes, sure, they gave thema free ride.
COHON:  All right.

TREI CHEL: Well, we can't go and tal k about that.
COHON: | understand. That's just for clarification.

Thank you.



© 00 N o g A~ w N P

N NN N NN R R R R R R R R R R
aa A W N P O © 00 N oo 0o~ w N+, O

358
Is there anybody el se who cares to make a comment
or wishes to ask a question at this time? This is the
| ast public comrent period, by the way. Yes, please
identify yourself.
KONl KOW |'m Leonard Koni kow with the USGS. 1'd
like to ask Bob Andrews, based on his talk of nodel
val idation, with all the nodels and nodel validation
exercises that have been done on the Yucca Muntain
project for the last 15 years, what per cent of these
exercise had led to invalidation of nodels?
COHON:  You have to talk into a m crophone, Bob.
ANDREWS: |'m not exactly sure, quite frankly. |
think there were sone earlier on in UZ flow that were
determ ned to be invalid, if you will, back in the early
Ni neties, probably '92, '93 tinme frame, that maybe Bo can
talk to more than I. |I'm not sure about the coupled
process nodels, the thermal type nodels in the drift. 1'm
not sure whether any of those were determ ned to be
invalid. | think they reasonably matched.
["'m not sure if there were other ones that were
i nval i dated. The only one | can think of right off the
top of nmy head, quite frankly, is the Uz fl ow nodel back
in the early Nineties was invalid.
CRAIG What happened to the old saturated zone

nmodel ?
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ANDREWS: Oh, okay, yeah, that's a good one. The
saturated zone flow nodel done prior to VA at the site
scale was determned to be invalid because of flow
di rections, of course there's limted data al so, but the
preval ent view was that flow nodel was invalid for how the
flow system was characterized south of the site. So it
was not used, in fact, in the VA because of that, and a
nore sinplified representati on was chosen i nstead.

So those are the two exanples of invalidity, but
Il think it's a worthwhile--it's a good question, and we'l|l
probably bring that up later on this afternoon with the
exampl es from Bo and Joe, too.

KON KOW  Wel |, hopefully on this roundtable
di scussion this afternoon, 1"l have an opportunity to
gi ve you sonme details of why |I think the whole concept of
validation as you do it is m sguided and probably damagi ng
to your own cause, and so we'll |eave that for this
af t ernoon.

COHON: | couldn't ask for a better preview for this
afternoon's neeting. What a great teaser. |'msure the
afternoon will prove as interesting, at |east as
i nteresting and enjoyabl e and enlightening as the norning
has.

Thank you again to our norning speakers. We

stand adj ourned now until 1 o'clock.
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(Wher eupon, the lunch recess was taken.)
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AFTERNOON SESSI ON

22 CRAIG (Okay, this afternoon, we have the first part
23 of the afternoon prior to the break, main break in any
24 event, we have two talks. The first one is unsaturated

25 zone nodel validation by Bo Bodvarsson from LBL, and then
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he will be followed by Joe Farmer from Livernore. And I
am happy to note that this is an all Berkeley crowmd. Bo's
Ph.D. is from UC Berkel ey in hydrogeol ogy, and Joe
Farmer's is fromBerkeley in chem stry. But we begin with
Bo.

BODVARSSON: Ckay, can everybody that wants to hear
me hear nme?

My nane is Bo Bodvarsson. I'mgoing to talk a
little bit about the unsaturated zone nodel validation and
the repository safety strategy.

My talk, this is the outline of ny talk, and I'm
going to put it here on the right so you can al ways | ook
and make sure where | amwith the talk. [I'mgoing to talKk
alittle bit about what the UZ flow and transport npdel
is, howit relates to the principal factors, and
devel opnent of the UZ nodel that's been going on for a
decade or so, calibration of it, a little bit about the
use of the nodel, uncertainties of the UZ nodel, then
val i dation of the UZ nodel.

| got a request real |ate, about a week ago, from
t he Board asking that | tal k about seepage. That was not
really ny intent here, but | have a few viewgraphs in the
end tal ki ng about the | atest calibration seepage nodel,
and any questions that you have, 1'|Il be glad to answer

about any of these nodels.
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So what is the unsaturated flow and transport
nodel ? It's very sinple. It basically conmputes the flow
of water, of chem cals and heat and gas throughout the
nount ai n, anywhere in the nountain.

So the main processes you see here on the left-
hand si de, of course you have infiltration comng into the
nmountain that vary spatially. You have water flow ng
t hrough the fractures and the matrix bl ock, and the
fracture/matrix interaction is a key problem You have
seepage into drifts. Some of the infiltrating water w ||
seep into the drifts, a small anount hopefully. W have
conplications due to perched water. That has been one of
the nost inportant data sets that we use for calibration

And then of course we have to quantify sorption in the
Calico Hlls. That nmeans how nuch of the radi onuclides
that go fromthe repository are actually sorbed and don't
go into the saturated zone. And here are little
schematics showi ng fracture/ matrix interaction,
infiltration and the waste package.

Now, the UZ flow and transport nodel and the UZ
flow and transport PMR consists of roughly six npdels.

Al ways think nmodels. | listed four of the nost inportant
ones, because those feed performance assessnent, and that
is the properties nodel, that is the nodel that determ nes

perneability, porosity, as van Knuckten tal ked to, or
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anything else that deals with flow of water and gas and
chem cals and heat. W have then the flow and transport
nodel . This is the three dinensional representation of
flow patterns in the nountain. W have the seepage node
that quantifies the anount of water seeping into the
drifts. And we have the thernohydrol ogi c chem cal node
on the drift scale that basically changes and nodifies
perneabilities and porosities because of precipitation and
di ssolution of mnerals due to heat and coupled effects.

Those are the four nodels. And then we started
this process of deciding what to talk to in this talk. |
pi cked the flow and transport nodel. | could have picked
any one of these four nodels, and |I just picked that one
because that has a reasonabl e ambunt of calibration data,
as well as validation exercises.

I will then also talk a little bit about the
seepage nodel at your request.

Now, principal factors that feed this group of
nodel s is seepage into drifts and UZ sorption and matri x
di ffusion, as you're well aware of. Then we have sone
seven other factors that are directly related to the UZ
flow and transport PMR

Now, very briefly to tell you about the data,
because a nodel is no good wi thout data, although nobody

can prove you wong if you don't have any dat a.
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Fortunately, we have quite a lot of information fromthe
nountain. We have the gas pressures that has been
extremely useful to determ ne the perneability structure
everywhere in the nountain, because these signals, even
t hough they are tiny and you can just barely feel them we
nonitor them all throughout the nountain.

We have then of course saturation and water
potentials fromcores. W have a bunch of tritium
Carbon-14 and geochem stry, including total chlorides and
sul fides and Chl oride-36, and all of those, which are
proven to be very, very useful. W has gas data and ages
of gases incurred from Carbon-14, and young gases shall ow
and ol d gases deep, and we have of course tenperature data
that helps with the percolation flux, and we have a | ot of
ESF data and east-west cross-drift data that we use.

Now, why do we do a UZ flow and transport nodel ?

Wiy is it needed? Nunber 1, you need to integrate all of
this data into a conputational framework. A sole type
distribution in a nountain doesn't tell you anything, but
when you conpute it with a nodel and match it, it tells
you sonet hi ng about the anmpunt of flow and the fl ow
patterns.

You al so want to quantify the water, gas,
tracer/radi onuclides and heat transport in the UZ under

various assunptions by varying conceptual nodels, by
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| ooking at different paranmeter distributions, basically
| ooki ng and varying things that we consider uncertain in
t he nountain, and getting the distributions of flow
patterns, groundwater travel tinmes, and things of that
sort.

And, of course, we want to provide this
calibrated Uz flow nodel to PA for their TSPA
cal cul ati ons.

This is a very, very sinple generic |ogic
di agram and Priscilla and Bob Andrews were talking
sonet hing about this this morning, and it has to do with
calibration, field data, predictions, conparisons,
validations, and this is my sinple mnd at work here. You
take--let's take a process such as gas flowin the
nmountain, and let's say we have a signal on the surface
and we have sensors below, and we predict, we take the
field data and we stick it in the nodel and we predict the
pressure variation of all the sensors in the nountain.
That's the test. That's a test.

We then conpare these predictions and
observations, and actually in this case, we did this over
many years, where they did not send us their data set,
they sent us the surface pressures, they kept the data
set, and until we sent themour results, it was really a

blind nmass. And then you conpare predictions to
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observations, and if they' re acceptable, and | don't know
how to define acceptabl e--Bob Andrews knows how to do
that--so if they are acceptable, you go down here and you
say ny nodel is calibrated for this process at that scale,
and can, therefore, be used for that process on that
scale. If it is not, we go at it again. W recalibrate,
we get nore field data. O course the prediction data is
al ways different fromthe calibration data.

So I'"'mgoing to show you now--talk a little bit
about the devel opnent, and I"'mgoing to talk a little bit
about the calibrations to give you some confidence in this
nodel that's reasonable, and we will start with the
pneumati ¢ data that we just tal ked about.

We have it available for quite a |ot of
boreholes. W use it to estimate | arge scale fracture and
fault diffusivities, and we get those, fracture and fault
perneabilities is what we get out of this. And you see
here you can have it distinguish between the simnulations
and observations, because the nodels predict really well
what's going on. Here, this doesn't show it very well,
sorry about that, what happens here is that you see the
ESF hitting a fault close to this borehole, NRG 7a, and
because of that, the signal changed because it short-
circuited through the ESF into the fault, and laterally

t hrough the fault. So you see nmuch nore variability in
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t he signal here because it short-circuited through the
ESF.

Now, what does that give us? That gives us
directly perneabilities of that fault along this |ateral
pat hway.

Then you have signal and many sensors here. Of
course the nore anplitude, then the nore, or the higher
the anplitude, the closer to the surface, this is Tiva
here, then you go into TPM and then you go into Topopah.

And, again, the nodel matches very well the data.

Feel free to ask questions during this if you
want to, or is it a rule you can't do that? | don't know.

Anot her thing that we conpared to is the
saturation and noi sture data, and we frequently when we
show this data set, people say, | nmean they don't have a
clue what you're doing here, because it goes apparently
all over the board.

This is the nature of water potentials. Wter
potential is very hard to accurately nmeasure. They are
plus or mnus a bar. Therefore, we do not expect to match
this, because the data errors are that nuch.

Saturations are nmuch nore easy to neasure because
you take a core, you weigh it, you dry it, you weigh it
again, and you get saturation. So we match that there for

nmost of these borehol es.
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| remenber a question that | guess the
di stingui shed Chairman asked a couple of years ago, and
says what makes you think this is a good match, and that's
a very good question. What we do is we sinultaneously
match all el even borehol es, every one of them we
si mul taneously match with the I1COP code. W do this
statistically so we get statistical nmaps, give themthe
i nput volumes. For exanple, we can wei gh each saturation
point ten tinmes nore than each water potential point if we
believe this data is nore reasonable.

Therefore, for each borehole, we are not going to
get an exact match because we are matching all of them
si mul taneously. But on the average, you get the |ayer
properties, a very good indication of |ayer properties as
well as all the statistics that go with it, the
variability between boreholes, and things |ike that.

This is a very interesting data set that we just
started to work on recently and, therefore, this is work
in progress, but | wanted to show it to you because we
al ways want to update the best we can. This is data from
June Fabryka-Martin and Al Yang of USGS, June from Los
Al ampbs. This shows here the east-west cross-drift
results. They show the chloride data here in one of these
triangles, and what they show here is our prediction of

the chloride data before the ECRB. This is based on Al an
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Flint's infiltration maps, and you see here we have nuch
too high chloride values here, and we have nuch too | ow
her e.

Now, chloride relates directly to infiltration.
The higher the chloride, the less infiltration. The | ower
the chloride, the nore infiltration. Just sinply you have
a fixed source of chloride at the surface, and the nore
water you add to it, the nore you follow the chlorides.
It's as sinple as that.

We used this to now do an exercise, and renenber
it didn't match very well, so we can't say that our node
is validated against chloride, can we? So we went back to
calibrate, and we changed the infiltrate map, because |
believe the infiltration map is the reason for this error.

The chloride source is very well known and, therefore,
this should be a very good indication of the percolation
flux or infiltration fl ux.

BULLEN: Bo, this is Bullen, Board. You asked for
this, and so you're going to get the question.

Isn'"t the novenment of the chloride also going to
be associated with |ateral diversion in the UZ zone above?

BODVARSSON:  Yes.
BULLEN: So the data that you got from June Fabryka-
Martin here could have been sneared or snushed out because

of the fact that you ve noved it from where there woul d
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have been a high infiltration rate, to where it actually
canme down fractures, or whatever pathway it cane in?

BODVARSSON:  Yes.

BULLEN: And so does that pose a big difficulty in
calibrating then when you have that kind of |ateral
di ver si on?

BODVARSSON: No, because the 3-D nodel, they use the
full 3-D nodel to calibrate, and it doesn't nean, and
you're right that I can say that within a hundred nmeter
interval, make sure that this chloride signal is exactly
there. You' re absolutely right. But you have a | ot of
capillary equilibrium you have diversion due to capillary
pressure, and things like that. You' re absolutely right.

But when you | ook at the data set here, it's very
simlar values for this data set. And this is actually
the map we obtain by assum ng just a single value for
infiltration. Therefore, very low variability, and I'm
goi ng to show you that next.

BULLEN: Okay.

BODVARSSON: This is the infiltration map, and |
think this in sonme sense is really good news, if this is
right. Wiy is that? First of all, we don't have the high
infiltration at the crest that the infiltration nodels say
20 mlIlinmeters per year, 30 mllimeters per year, up to 60

mllimeters per year. The chloride says it varies between
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10 mlligrans per liter to 50 mlIligrans per liter. That
corresponds to a flux of between 3 and 9. So | just said
| want to make that 6, because | don't believe this
variability, | don't believe six to eight and four are the
sanme nunber. Right, Bob?

So that's really good news, | think. Now, why do
| believe it? 1 believe it for one reason, one inportant
reason, at least for myself. A long tine ago, Ed Weeks
told me | don't believe in high infiltration fluxes at the
crest of the nountain because to me, the Tiva Canyon is
very tight. There's nothing going to go in there. 1It's
all going to run off. This is exactly what we are seeing,
the same rainfall, but it all gets run off down the
nmountain. It makes sense. Gravity kind of wants things
to go down.

Then it al so nakes sense when you | ook at these
areas, that basically the high elevations here where you
expect nore rainfall, you get nore infiltration. The
thick alluvium areas, you have alnost no infiltration, and
then in between, you have the runoffs and the rainfall in
the internedi ate areas.

The data we used to match this is all on the ESF
data from June, all of the east-west cross-drift data from
June, all of the borehol e data.

NELSON: Has there been any indication that there's
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any infiltration coming in fromthe Solitario Canyon
itsel f?

BODVARSSON: That's a very good question. A year
ago, | would have said exactly that is a very good case
for that because we used to believe we had inversions in
14-Hs and in borehole ST-9 and ST-12. The survey has
since changed their mnd and said that there's not an
i nversion, that maybe there's purely vertical flow there.

So right now, we don't have sufficient data, Priscilla,
to say if there is a |ot nore there.

NELSON: This is Nelson, Board, again. 1Is it
i nportant to know the answer to that?

BODVARSSON: Yes. It's very inportant to know the
answer, and the reason is this. W talk a | ot about
pul ses. We talk a lot about rainfall infiltration occurs
once every five years through two days, four days,
whatever. |In the mddle of the repository, what is
happening is here's the repository area. W have PTN on
top of the repository area everywhere except close to the
Solitario Canyon. PTN is what diffuses pul ses, because
it's a porous nedium 40 per cent porosity, 300
mllidarcies perneability. It doesn't allow anything
through it in less than 500 to 1000 years, and doesn't
all ow t hese pul ses to occur except close to the fault,

i ke June Fabryka-Martin shows.
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Now, here close to Solitario Canyon, we don't
have that. |It's exposed, and you get infiltration
directly into the Topopah Springs Unit. You have very
fast fracture point in the Topopah Springs Unit, and you
m ght get, if there is thick infiltration there, you m ght
get significant seepage in that area. So we need to | ook
at the pulses in that area.

NELSON: Nel son, Board. Just one | ast thing.

It seens |ike the yellow area is bounded by,
suppose it could be topography, but also by faults.

BODVARSSON:  Yeabh.

NELSON: To what extent is the fault presence
dom nating infiltration?

BODVARSSON: That's a very good question. But the
honest answer, Priscilla, is that that's just how we drew
it. We really don't know. | have data points com ng
here, and | know that it's about six years. | have no
idea how to do this area here, because | don't have any
boreholes in this area here. So | just said ny yellowis
this, and I made it so that it corresponds to a fault.

BULLEN: Bullen, Board. You actually just raised
sonet hing that goes back to confirmatory testing, which is
wel | beyond site recommendation and |licensing. But as you
gain data, during the operational phase if we so choose to

build a repository, do you expect this map to becone nuch
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nore detailed and nore significant, and then we'll be able
to continue to calibrate and update the performance nodel s
for closure?

BODVARSSON:  Yes.

BULLEN: So | guess the expectation is that when
you're at the horizon and you' ve got the data, because
you've got the nice little data points on the ECRB and
ESF, you'll have basically a nice map of what you expect
the infiltration to be?

BODVARSSON: Yeah, except that--you can do that, |
can go back and I can match all my ups and downs in ny
chlorides. | can do that. Now, is it worthwhile to do?
No, because it doesn't make any difference, because | get
between 3 and 9 mllimeters per year, and that just
doesn't have serious inmpact on seepage, nhor on transport.

So, therefore, these details won't matter.

BULLEN: Okay. Bullen, Board, again. The follow on
question then would be when you finally do clinmate change,
will you expect to see sone significant changes in your
nodel if the infiltration rate at the top of the nountain
goes to 140 mllinmeters a year?

BODVARSSON: Definitely.

BULLEN: So that's where you' d see the change?

BODVARSSON:  Yes.

BULLEN: Okay.
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PARI ZEK: Parizek, Board. That yellow is not
entirely arbitrary. The PTN is there, plus your high
el evation; right? |It's not anybody could have done that?
You' re saying, no, |I'musing nmy geol ogical map and
el evation to decide on where the yell ow border is?

BODVARSSON: See, | have is | have the ESF data here,
so | have data along all of this thing here. | have data
along all of this cross-drift. | have SD-9, | have SD-6,
| have SD-7 here at the boundary, and that defines for nme
this region all here, all of this region pretty nmuch is
very easy to say here is six. And then the rest of it is
nore arbitrary. So it's not totally arbitrary at all.
You have quite a lot of information.

PARI ZEK: Yes, but | nean that tail to the south is
al ong the ridge.

BODVARSSON: Yeah, the tail to the south is along the
ridge. Yes. So that is purely hypothesis.

PARI ZEK: Yes, that's a concept. You're carrying a
conceptual understanding of it south.

BODVARSSON: That's exactly right. Using these basic
i deas, we believe infiltration is related to the
geol ogi cal features and thickness of the alluviumand al
of those.

Then we tal k about perched water calibration. Like I

sai d, perched water has trenmendous effects on the
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calibration. [It's extrenely inportant. Wiy is that? A,
because we know pretty nuch the extent of the perched
water fromtesting. B, we know the ages for Carbon-14.
C, we know the chloride content and the chem stry, so it
gi ves us trenendous informtion.

This is one conceptual nodel for perched water.
One problem of the perched water is that even though we
have significant effects on dilution, matrix diffusion and
sorption, just because of what the bore tests brought up
over the |l ast couple of days, that is, the distribution of
zeolitic rocks and vitric rock in the Calico Hills mkes a
difference in sorption.

It's obviously, for exanple, when neptunium
sorption in zeolites is poor, sorption in vitric is one.
If it is nmore than one, sorption neans a heck of a |ot.
So we are right now carrying three conceptual nodels on
perched water through to PAto |look at the sensitivity of
this inmportant conceptual nodel for PA, for SR

This is predictions of Chloride-36 and al so for
strontium Strontiumis a very strong indicator of the
presence of zeolites, because strontium exchanges and
sorbs through the zeolites. So you see here a drastic
reduction in the strontium content in these borehol es due
to the presence of zeolitic rocks in the Calico Hills and

Prow Pass.
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Al so, strontiumis very nmuch related to
infiltration and percolation flux. W are going to use
t hese data here to conpare to our map, we just got the map
| ast week, to make sure that this is consistent with our
now current idea in progress about infiltration.

The Chloride-36 |I've always found to be nmuch | ess
inportant. We talk a | ot about it, but what does it do
for us? | believe there's every indication and all the
dat a suggests very strongly that this is a very mnor part
of the flow, nuch |ess than 1 per cent.

Now, |I'm going to go into uncertainties. | want
to say a few words about the use of a UZ nodel and then
l"mgoing to go into uncertainties.

As you know, the nmodel is primarily used by Bob
Andrews and his group. We just finished calculating 30
three di mensional flow fields based on various assunptions
and conceptual nodels that we are in the process of
transferring to PA for themto start their base case
cal cul ati ons of TSPA for SR Rev. 0. So that's enough
about the use, | guess.

I want to talk a little bit about the
uncertainties of the nodel, and of the data, and this is
just my notion. This is just ny idea when | | ook at the
nodel devel opnent over the |ast few years, where we are

going to be at site recommendati on.
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These are uncertainties. They vary trenmendously
in inmportance. Sonme of them are nuch nore inportant than
others. W have infiltration, water properties, fracture
and fault properties, all the way down to detailed fl ow
mechani sns.

These are the plans to address them that Jean
Younker and Mark Peters nentioned in their presentations,
and I'Il just walk you very, very quickly through this.

Infiltration and future climte we are now
starting--to use all the chem stry and tenperature to
integrate it in the infiltration nodel that we hope wl|
be nore reliable than what we have now

Wat er properties from pneumatic tests, | think
this will be--we have used the pneumatic test, fracture
properties for our seepage nodels, for Alcove 1 nodels,
and they seemto work just fine, and we're going to verify
that, so | think the paraneters can be very low by SR W
have confidence in this.

Fracture and fault properties and variability.
The fracture properties from pneumatics are very well
handl ed. The fault properties of liquid flowis sonething
that we need to | ook at.

Fracture/matrix interaction, we are using
geochem cal data like the chlorides and |ike strontium and

others to nodel Alcove 1 data, Drift to Drift data, Busted
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Butte data and ot her geochem cal data to validate what we
call the active fracture nodel, which is a nodel we just
publ i shed in Water Resources Research about a year and a
half or two years ago that says depending on the
infiltration rate, only a small fracture of the total
fractures in the mountain flow. The nore you put in, the
nore fracture flows. And we are using that i all of our
UZ nodels as well as all of the PA nodels that follow the
UZ nodel. If you want, | can send you a preprint of this
article.

Fracture and matrix sorption. We are not relying
on fracture sorptions right now W are relying on matri x
sorption. W use Busted Butte data to validate | aboratory
measurenments of sorption in the vitric Calico Hills.
Busted Butte has very limted zeolitic Calico Hills, so we
can only us it for the vitric part of the Calico Hills.

l"mgoing to say a little bit nore about that in
the validation exercise that's com ng up

Col | oi dal transport, we are using LANL. Los
Al anpbs is using | aboratory data and anal og data to do a
col | oi dal nodel, and right now, we don't have nuch
confidence, but | think that will be mediumby the time of
SR.

Thermal effects on flow and transport, also

detailed flow mechanism | believe it's very, very
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difficult for us to determ ne exactly where the flow paths
are, how far between they are, and things of that sort, so
this is difficult for us to eval uate.

Now |I'm going to tal k about sonme validation
exanmpl es. We've gone through the calibration and we' ve
gone through sonme of the uncertainties, and now we're
going to tal k about validation and I'm going to give you
sone exanpl es here.

The first one is pneumatic again. Again, |ike I
told you, we have blind predictions that we do with the
pneumati c, and they give excellent matches with al
sensors after calibration. So I believe that our gas flow
conponents of the UZ nodel are pretty well validated on
this scale.

This is Alcove 1, and Mark Peters and Jean tal ked
alittle bit about Alcove 1. This has proven to be an
extremely interesting and good exercise for two reasons.
One is seepage and the other one is matrix diffusion.

Seepage, even though we put thousands and
t housands of mllinmeters per year into Alcove 1, and I'm
not going to go into detail, only 10 per cent of it seeps.

It's a |l ow nunber, given the high percolation flux
number. And this again verifies sonme of our nodel
results. This is what we did. Here is the calibration

activity with the flowin Phase 1. W then used that to
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predi ct Phase Il flow, which is shown here in the bl ue.
You can't even see that, but it's supposed to be bl ue.
The red is the data; blue is the predictions here.

And then we al so predicted tracer breakthrough.
And this is the nost inportant thing. This is the tracer
br eakt hrough. This occurs without matrix diffusion.
These occur with matrix diffusion, and the proper
di ffusion coefficient for brom de. That's basically the
tracer we use.

Data points fromthe field are right here, just
these three data points right here. So what you're seeing
is not a lot of data you see, but the inportant thing is
we only saw tracer breakthrough after some I think it was
30 or 40 days or so, and that's exactly what it says that
matri x di ffusion does.

So matrix diffusion is extrenely efficient here.

We estimate that half of the fractures between the
surface and the alcove flow, and the matrix diffusion is
very efficient in retarding the tracer going through the
nmount ai n.

This is prediction for one borehole. This
happens to be SD-6, which is the latest drilled borehole.
For all of the boreholes that we are drilling, plus of

course the east-west cross-drift, we predict before we

drill the borehol es and before the east-west cross-drift.
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This shows sonme of the saturation data fromthis
borehol e, and we under estimte in this borehole the
t hickness of the Calico Hills vitric in the geol ogi cal
framework nodel. Oher than that, it matches pretty well
both the mpisture tension and saturation.

This is Busted Butte data. This is Phase 1A, and
if you remenber from Busted Butte, there was an injection
borehol e for six nonths, and that was very, very slow
gradual injection to mmc the flow through the nountain,
and this is the extent of the nmeasurenent after they are
recorded. And you see that there's about two nmeters or
three meters and it spreads out a little bit here at the
bottom This is the nodel cal culation that shows very
sim|lar spreading of this. This is the tracers. W don't
have tracer neasurenents yet fromthis, so it's very
sim|lar shape fromthe nodel prediction as this.

Now, there's several things | want to say about
Busted Butte. A, Busted Butte is only the vitric part of
the Calico Hills, not the zeolitic part of the Calico
Hills. B, the vitric part of the Calico Hills is porous
medi um no fractures. \Whatever fractures are in there are
i mmaterial because the perneability of this stuff is a
darcy. So fractures are not fractures that seep back into
the matrix. So fractures are immterial here. C, it

foll ows exactly the capillary pressure theory that we are
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using in the nmodels and have been using in the nodels over
the last five or ten years. The extent of this data set
is matched equally well with the 1997 viability data set
fromthe UZ nodel .

VWhat's the differences? The difference is
viability data set, has perneabilities on the order of 100
mllidarcies. The Busted Butte data is about 1000
mllidarcies. So far, all of the data |I've seen for
Busted Butte verifies what we are using in the nodels in
terms of flow mechani smand sorptions. That neans there's
nothing to transfer from Busted Butte to the Yucca
Mount ai n right now because it's immterial. W are not
conquering anything. W are matching what is right there,
and what we have neasured for Yucca Muntain.

SAGUES: Excuse me. This is Sagiiés. | don't know
exactly if the picture at the bottomis the sane scale as
t he- -

BODVARSSON: Yes, it's the sanme scale.

SAGUES: And what is the neaning in the picture in
t he botton? Where's the meaning of the col ors?

BODVARSSON: Well, this is a fluorescein type of
t hi ng.

SAGUES: And the boundary of that oval like region in
t here corresponds to what kind of concentration? In other

words, is it directly conparable to the picture above, or
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is it just sinmply a coincidence that it happens to | ook
the sane?

BODVARSSON: We do not have at this point
measurenments in concentration as a function of space in
this. So I cannot conpare ny concentration to this one
here. But what |I'mtrying to say, all the paranmeters and
all the nodels we have been using over the last five years
are not extrenely sensitive to anything but capillary
suction, which is why this spreads out. You don't see
much of a gravity conponent here. The infiltration rate
is so small it just spreads out like that, due to the
capillary functions that we use for the vitric Calico
Hills that cones from neasurenents from Lorrie Flint on
the actual vitric Calico Hills.

SAGUES: \What kind of a spread woul d you have seen if
capillary action wouldn't have been the nmain el enent?
VWhat would it have | ooked |ike?

BODVARSSON: Vertical. You see, we are not doing an
anal ytical solution of this. Wat you will see is
regardl ess of the paraneters, you can, in dinensional
space, you have a point source. |It's going to devel op by
hal o, and dependi ng on the properties, the halo, how far
up it goes and all of that, the stronger the capillary
function is, the nore the vertical drive of the fluid

obviously. The smaller it is, the less. And if there is
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no capillary function, you just have gravity flow.

SAGUES: So really, what I'mtrying to say is the
pi ctures sort of | ook vaguely simlar. But you wll
expect if you just put ink in the center of paper, it wll
spread out in all directions. But, |I nmean, the picture
down there sort of vaguely resenbles the one at the top.
It doesn't have any particul ar quantitative nmeani ng at
this tinme; is that correct?

BODVARSSON: Well, it has a |lot of nmeaning to nme for
the follow ng reasons. Your flow fromthe repository
t hrough the water table occurs through the Topopah Springs
into the Calico Hills vitric or zeolitic, and out through
the water table. Flow through the Topopah Spring is a
fracture dom nated flow. Therefore, the source term going
from Topopah Spring into the vitric Calico Hills, where we
are taking credit for sorption, is going to be a point
source in space that varies. |It's not like a porous
medium There's a spacing of sonme ten neters, twenty
neters, we don't know yet.

Now, the fact that the Busted Butte data show
this strong capillary spreading of this indicates strongly
to me that this point source is going to spread a lot in
the Calico Hills, and we can take full credit for sorption
over the entire Calico Hills.

SAGUES: Sure. But that's a qualitative--
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BODVARSSON: That's a qualitative solution. W can
never nmaeke this qualitatively. That's why | didn't spend
alot of time to make this exactly the sanme as this when
we don't have the tracer concentrations. W are waiting
for the tracer concentration to nake a definite--

SAGUES: Ri ght.

BULLEN: Bullen, Board. Before you |leave that one,
does that nean that source term when you're con ng out of
the Calico Hills is then a planar source?

BODVARSSON:  Yes.

BULLEN: Okay.

BODVARSSON:  No, no, hold on.

BULLEN: What causes it to conme out then, is the
questi on.

BODVARSSON: Well, it's a good question. W have two
areas in the Calico Hills, and your questions about the
Calico Hills are very good. W have the northern area,
which is zeolitic, and we have the southern area which is
vitric. The vitric part of the Calico Hills is a porous
medi um just |like you said, and will spread all out, and
you wi Il have a planar source at the bottom But bel ow
the Calico Hills vitric, there is Prow Pass zeolitic,
which is again | ow pernmeability to fractures. Flowis
going to go out of the vitric either into that or as a

perched water down that through the water table. We don't
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know exactly.

Does that answer your question?

BULLEN: Yes. Thank you.

BODVARSSON: I n the northern part, we have nore
problemwi th the zeolitic. That's this conceptual node
for perched water. One conceptual nodel is sinply nothing
goes through the zeolite, and right now, we don't take any
credit in PA for sorption in the zeolite because of the
possibility of lateral flow down the faults.

The ot her conceptual nodel that we're |ooking at
now trying to take credit for the zeolitic rock is
vertical flow, and we're | ooking at the chem stry through
t here.

This is cross-drift calculation. This is
percol ation flux based on Alan Flint, and this is
strontiumvariability in the east-west cross-drift. And
just show it to you to show that we actually predict a | ot
of stuff for the cross-drift. Right now, we don't have
any information to verify this yet.

NELSON: Can you tell nme again what that plot is?
Because | was trying to see it.

BODVARSSON:  Thi s one here?

NELSON:  Yeah.

BODVARSSON: This is strontium three dinensional

use, sane as the chloride, we now put strontiumon the
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surface in the infiltrating water, and Brian Marshal is in
the audi ence, does a lot of work on strontium and we
predi ct what the variability in strontiumwould be in a
cross-section, including the east-west cross-drift. |
mean, | want to nake nmeasurenents of strontium and conpare
it to see if we have accurately predicted this.

" m al nost finished. | was asked, this is not of
my own doing, | was asked to provide an external peer

review list, and here it is. We have been reviewed to

deat h al nost. Before going to seepage, | just
want to sunmarize this part. | feel the UZ nodel is
reasonably well calibrated because nobody can define

reasonably well, so that should be okay agai nst al

avai |l abl e dat a.

Uncertainties vary significantly in the different
conponents of the nodel. Sonme, such as gas flow, are very
wel | understood. Others, such as matrix diffusion, are

| ess under st ood.

Current field activities should certainly
i ncrease confidence and reduce uncertainties.

Model calibration and validation activities yield
confidence in nodel predictions of some processes, such as
gas flow, bulk water flow and transport through the Calico
Hills vitric. And | don't see zeolitic here.

Less data are available for calibration and
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val i dati on of other inportant processes that we nust
concentrate on, such as matrix diffusion and transport
t hrough the Calico Hills zeolitic.

The UZ nodel uncertainty will continue to
decrease due to additional calibrations and validations
usi ng Yucca Mountain and natural anal og data.

So that's enough for that, and | can do seepage
real quick

NELSON: Can | just ask you a question?

BODVARSSON:  Yes.

NELSON: | recall an observation that was reported
on--this is Nel son, Board--about construction water
penetration, and how much further it went in the non-lith
as opposed to the lith. Wuld that have been predicted
by--1 nean, this is sort of |eading towards the conti nuum
treatment of the mountain here, so it wouldn't really work
for the treatnment of the equivalent continuum But would
t hat have been an anticipated information there that--

BODVARSSON: That's a good question, and I will try
to answer it. | haven't thought a lot about it. | think
the answer is probably no, and |I think this nodel should
predict it, because that's the purpose of this nodel, even
though it's a continuum nodel, it still is a dua
continuumw th fracture flow and matrix flow, so we should

be able to predict mgration of fluids down through the
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nmount ai n.

Now, the reason |I say that probably--would
probably not do it is because of two things. One is that
we don't have very much hydrol ogical data fromthe | ower
i thophysal, unfortunately, and nost or all of it is from
vertical boreholes. That's why Jean and Mark Peters said
we are enphasi zi ng systemati ¢ hydrol ogi cal testing of the
| ower |ithophysal to really get at that.

The second reason is just ny own, because when |
wal k through this cross-drift, | see so totally different
rock fromthe mddle and | ower |ithophysal, at least in ny
m nd, and | was personally surprised when | saw it.

Now, ny geol ogi sts here, |like Mark Tynan, may say
that there's no surprise, but I was surprised. So the
answer to your question is a good one, | think we woul d
not have predicted it.

NELSON: Nel son, Board. And you're going to see that
sane difference in phenonenon in the percolation test, the
seepage test, between the ECRB and the ESF, because of the

two kinds of rocks that are present in the flow paths.

BODVARSSON: Yes, | couldn't agree nore. | think we
under st and seepage in the m ddle and non-1lithophysal, |ike
"Il show you a little bit--1 think we understand it quite
well, but | couldn't tell you anything about | ower

i thophysal because | don't know how that different rock
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inmy mndis going to behave.

SAGUES: Before we go on to the next, on your Slide
13, which shows the UZ nodel calibration with Chlorine-367?

BODVARSSON: | shoul d never have invited themto ask
t hese questions.

SAGUES: There it is. |s that along the ESF, that
particul ar cross-section that you're show ng there?

BODVARSSON:  Yes, the ESF.

SAGUES: That's the ESF. And you're getting the
el evation information fromthe different boreholes; right?

Li ke, for exanple, | see there that there is the W-2.
Is that the borehol e?

BODVARSSON: Yeah, WI-2 is a borehol e.

SAGUES: |s a borehole. And then you SD-12 next to
it. But in between those two borehol es, you have an
orange region and a yellow one, with this little green
thing in between. That resolution cones from-this is
al ong the lines of the question that Priscilla was asking
yesterday. Wiy is there so much fine detail in between
what appears to be just sinply--

BODVARSSON: It's because Alan Flint neasures
infiltration so precisely. Alan Flint, in this case here,
this was--we used Alan Flint's infiltration map that has a
30 nmeter spacing on infiltration data. W input it into

t he three dinmensional nodel, and that gives you the
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variability in all of
nmount ai n.
SAGUES: And the
the surface?
BODVARSSON:  The
surface. He believes

infiltration at ridge
little valleys and at
alluvium And that's
a 100 neter distance.

SAGUES:
this,
says okay,

were used?

BODVARSSON: Yes.
SAGUES: This is
data. Okay,

Because when |
i nput that, or
BODVARSSON:

viability assessnent,

this happens to be Chapter

and t hat

canme out, for

woul d have had that a long tinme ago.

Are we going to have for

in constructing this map,

see this map,

If the Board got the UZ nodel

tells you all

the Chl ori ne- 36.
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the chem cals noving in through the

infiltration i s nmeasured what, at

infiltration is nmeasured at the
there is a big difference between
tops and in the crest of these

t he bottom where you have the thick

reflected in great variability over

sonet hing |ike

are we as reviewers going to have sonething that

the follow ng inputs

borehol e data, surface infiltration

these are the inputs and this is the output.

somehow there is a |l ot nore

maybe nore input than what appears to ne.

for the

whi ch has some 24 chapters in it,

18, if | renenber correctly,
the details, what went in, what
And | assune the Board

s that right?
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Any ot her questions?

BULLEN: Excuse ne. Bullen, Board. Since you' re on
this viewgraph, this is the one I was going to ask ny
gquesti on on anyway, you neke the statenent under the
second bul l et that bombpul se Chl orine-36 indicates the
presence of fast paths, and currently believed to
constitute less than a per cent of the flow. That's a
very inmportant statenent. And can you tell nme the basis
for it, and the experinments that you m ght want to do that
woul d bol ster your confidence in that it's |less than 1 per
cent of the flow?

BODVARSSON: Ckay. Well, nunber one, | will put a
caveat on this now fromthe start. For exanple, we never
know how nmuch fl ow goes through each flow path according
to Chlorine-36. Chlorine-36 just says it got there. It
doesn't know how nuch it is.

But the reason | believe it strongly in nmy m nd,
and | should have put this is what | believe, is the
followng. W have done a bunch of measurenents of
Chl oride-36 trying to | ook for Chloride-36 nmeasured nuch,
much nore close to fault that anywhere else systematically
in the nmountain. And even though we | ooked and | ooked and
| ooked and | ooked, the ratio of bonbpul se to non-
bombpul se, Chloride-36 is nmuch | ess than one, even though

we | ooked and | ooked and | ooked.
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experiments that you' re planning on doing in any of these

things that will help you further define the fact that

it's 1 per

going to have to use the neasurenents that

cent or less than 1 per cent? O are you just

the basis for that concl usion?

BODVARSSON: Vel |,

predi ct ed,

cross-drift. You will find it in two |ocations and two

we did use the cross-drift.

We

June Fabryka-Martin predicted the east-west

| ocations only. We found it in two |ocations and two

you' ve got as

| ocations only. And then I'l|l use the rest of that to try

to verify this, but I don't know of any other.

BULLEN: Thank you.

COHON: Cohon, Board. Could you put up Slide 77

You made quite an understandabl e observati on

about the word "acceptable” and how difficult it

estimate that or to arrive at that. VWho deci des whet her

it's acceptable? |Is that your decision?

BODVARSSON: Well, | think it's a joint decision by

PA and the process nodel devel oper, which is ne.

Basi cal |y,

not so hard to do,
bel i eve you need to put enphasis,

al ready,

t hat

model

is to

what | believe is that the word "acceptabl e”

and what scale is going to be used for

and the reason is the foll ow ng.

and Bob said this

in

is

you need to put enphasis in validation of where
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performance assessnment. COkay?
Therefore, when you take a |look at, for exanple,
matri x diffusion, | showed you Alcove 1, we can | ook at
t hat and decide in our m nds based on inpact fromPA, if
the uncertainties in the paraneters we get frommatrix
di ffusion significantly affect PA or not. |If they do not,
that is acceptable to me. But if they do, it's not
accept abl e.
COHON: WII there be quantitative criteria to arrive
at acceptability, or will it be purely qualitative?
BODVARSSON: Maybe | shoul d ask the higher ups.
think it will be qualitative, personally. | think we
will--well, maybe | shouldn't say anything. Mybe the
best thing to say is say nothing.
COHON:  Well, Abe is nodding his head, so | guess
you're right.
BODVARSSON: Ckay. 1'll say that then.
COHON: Second--one nore question. You nake a clear
di stinction in this diagram between calibration on the one
hand and validation on the other.
BODVARSSON:  Yes.
COHON:  And in your summary, | couldn't help but
notice that while you said the UZ nodel is reasonably well
cal i brated, you said nothing about its validation.

BODVARSSON:  Yes.
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COHON: Do you want to say sonething about its
val i dation?

BODVARSSON: Yes. There were some words in there
that didn't nmention validation, but what | nean to say is
that | think for some processes, it's already vali dated,

i ke gas flow processes on a nountain scale. Because we
have so much data and every data, we calibrate it very
well, we predict it very well, and things like that. Al
t he processes, |ike matrix diffusion, we have very | ow
data, it's not validated.

COHON: Has PA agreed with you on those clains of
val i dation?

BODVARSSON: | think so. | think so.

COHON: Bob Andrews is nodding his head.

BODVARSSON:  All right.

COHON:  And so is he. Thank you.

PARI ZEK: Pari zek, Board. You nentioned neptunium
you woul d have a value of four in the non-vitric part, and
it would be one in the vitric.

BODVARSSON:  Yes.

PARI ZEK: I f you're not sure whether vitric or non-
vitric exists down there, what do you do, put one? O did
you put a one and two and a three and a four?

BODVARSSON: No. See, | believe we know a heck of a

| ot nmore about where the vitric is than perhaps the Board
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does. And | can give you a reason for that.

For exanple, you have H-5. H5 is the first bore
identifies the thick vitric, or vitric zone in the Calico
Hlls. W didn't find the zeolitic rocks up north. W
found the vitric on the south. SD-6, we just drilled,
Mark Tyner and | actually | ocated that borehole to find
out the extent of this hole in the zeolitic rock in the
vitric part, and I went as far north as | dared to go to
try to make sure that | would find vitric there, and
that's where the vitric is.

In our PA calcul ations, we have a conservative
volune for the vitric part we are taking credit for, and
we are not taking credit for the zeolitic rocks.

So basically, | would say that there m ght be
nore potential than we are using, because we are being
very conservative because of the limted data.

PARI ZEK: That woul d be the case you have to make for
NRC, as an exanpl e?

BODVARSSON: | you want to take nore credit, you
woul d have to get additional data and take nore credit.

PARI ZEK: The Figure 14 showed sone use of chem ca
data, and it seened |like rmuch of that was for tracer val ue
showi ng this mass of water did in fact go through the
rock, or was that to deal with chem cal interactions, such

as--this is on Figure 14, you had a di scussion about the
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use of chem stry, putting nmore chem stry data into your
nodel s.

BODVARSSON: No, the chem stry nodel, | think we are
on the right track getting better percolation values and
better infiltration values fromthe chlorides. So we are
usi ng tenperatures and chlorides right now to constrain
infiltration and percolation flux. W need to add
strontium we need to add sulfate, we need to add ot her
conservative species to allow us to nore pin down the
percolation flux, which is very inportant for seepage
cal cul ati ons.

PARI ZEK: That's different than the chem ca
i nteraction, yeah, inplications such as the silica
di scussi ons you heard of.

BODVARSSON:  Yes.

PARI ZEK: It excludes that.

BODVARSSON:  Ri ght .

PARI ZEK:  You then cite natural analogs, and I don't
think any were in the presentation. You nmentioned
exanmpl es of the kinds that you're using.

BODVARSSON: No, they're not the anal ogs we're using
for UZ flow and transport nodel. Jean Younker nentioned
this before. Nunber one priority in nmy viewis to explain
the rapid novenent of radionuclides that have been

observed at Hanford, |INEL and NTS, because | believe you
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can never have confidence in our nmodels unless we explain
those. That is the enphasis right now, all the natura
anal og studies, in addition to the Pena Bl anca.

Pena Blanca will be directly used in this UZ
nodel. We are also planning to use geot hernmal anal ogs
especially for the silica case that you nentioned, because
I think we can use geothernmal anal ogs to get reaction
rates on calcites and silica and use that to bound
processes, including the silica dissolution and
preci pitation.

PARI ZEK: So those are the nmain ones that you see
usef ul ?

BODVARSSON: That's the main ones. Do you agree with
t hat, Abe?

PARI ZEK: The Board has received some coments froma
Dr. Donal d Baker, and particular a groundwater issue that
was published in this July/August issue was a paper by
Baker, Arnold and Scott, and there, they challenge and
criticize the program for the mathenmatical approach that
was used to nodel the unsaturated zone. Baker argues that
the use of an arithmetic standard neans for describing the
bl ock hydraulic connectivity numerical nodels is
incorrect, and can |l ead to substantial errors, and
recommends that the program needs to do this, otherw se

maybe you're creating error upon error in the total
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anal ysi s.

And | guess the Board is |ooking for sonme
response to that kind of criticism Do you feel |ike the
Baker article is critical and is valid, or is it really a
skimm ng problem and as a result, you can't put in the
| evel of detail that he inplies on grid spacing it takes
to perhaps deal with his concern? So do you have any
comrents at all on Baker's article?

BODVARSSON: Yes. Yes. W are aware of his
concerns, and | don't have a personal website, but if you
want to know about me, you can go to his website. | would
not tell my nother the | ocation of that website.

What Dr. Baker says, and | don't know where | can
stand so you can see this, Dr. Baker did a Ph.D. thesis on
rating schenes between grid bl ocks. And when you fix a--
in two grid blocks, you can analytical belie an
expressi on, which he did, that says this is the best
expression to use to argue its perneabilities, nobilities,
what ever the heck you want to argue.

The fact of the matter is that we have studi ed
these rating schemes for ten years, and everybody studies
rating schenes. They are for our problens inmaterial.

But we deci ded anyway, since the Board was concerned and
Congress is going to get it, that we decided to do a case

exactly like his. H's work, as far as | know, as far as
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|'ve seen, only considers honobgeneous porous nedi uns that
we cannot use in our dual perneability nodels, but we my
be able to nodify it.

But the fact of the matter is we did the very
extreme case of a pul se noving down through the nmountain
in steady state. W did steady state with the nost of our
results identical to his. W used his schene, put it
directly into our nodels, and for steady state, they are
identical, totally identical. So we decided to do sonme--

PARI ZEK: That's your grid spacing, your nodel, but
with his schene?

BODVARSSON: Right. Then we decided to do a pul se,
because he is nostly interested in pulse, so we did the
pul se of 100 mllineters in a 10 m|linmeter background,
and the results are practically identical, too. And we
have a little five page wite-up that has ten pictures,
all of which show that the rating schenes are i mmteri al
for that problem

PARI ZEK: Okay. So you've considered it and it | ooks
like it's a non-issue?

BODVARSSON: Yeah. As far as |I'mconcerned, it's a
non-issue. |I'mgoing to send that information to DOE, but
" mnot going to put ny nane anywhere.

PARI ZEK: If it's not publishable, maybe it's not

credi bl e.
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BODVARSSON: | don't want to--you know, ny feeling is
what ever they say back, the reply is always going to conme
back.

VAN LU K: | was going to nake a different comrent,
but let me tal k about the Dr. Baker thing. W are
receiving, or are in the process of receiving an
unsolicited proposal from Dr. Baker to further investigate
his work, and we are going to put together a team of
experts to address it. And Bo will not be part of that
team since he's already inplicated on the website.

The thing that | wanted to stand up and correct
is a mnute ago, | think the question was do we agree that
this nodel is valid, and I think ny head kind of bobbed
for some reason, and the record was said to say that |
shook my head.

We don't agree that the nodel is valid. W agree
that the activities that are underway and are planned w |
give us a good handl e on how correct this nmodel is for the
pur pose at hand.

On the other hand, the reason that we can nod our
heads affirmatively at this time is that it |ooks |ike the
trend is that all of the work that's being done nowis
going to cut back on the percolation flux that is
predicted. And so we think that the nodel that he's doing

the 30 flow fields on nowis actually a conservative one
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conpared to what it will be a couple of years down the
road.

So we have pretty good confidence that this is
the right way to go, but | hope that neither Bob nor |
were interpreted as saying yes, this nodel is valid.

CRAIG (Okay. On that note, we're going to have to
nove on, Bo. Thank you very, very much.

BODVARSSON: The seepage.

CRAIG Well, we have a tinme problem

VAN LU K: |I'"msure Bo can do it in five m nutes.

BODVARSSON:  Fi ve mi nutes.

CRAIG Al right, we'll give you five m nutes.

The price you pay for inviting questions in the
m ddl e of your talKk.

BODVARSSON: Yeah, it's ny fault.

Okay, seepage calibration nmodel, real quick.

St ephan Finster at LBL just finished one of the AMRS on
seepage calibration. | amvery proud of his work. |

t hink he does excellent work. He uses mainly a three

di nensi onal heterogeneous field with different
perneabilities. He uses that to match all the data. That
i ncludes nmenory effect, because if you have a pul se right
after another pulse, it remenbers the first pulse, and

| ooki ng at seepage threshold, that's the main enphasis of

this work, plus making a calibrated nodel for PA.
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He used four different nodels, 2-D and 3-D
homogeneous and het erogeneous nodels to conpare the
results. He uses a |lot of statistics to match the data,
and then he used another data set to validate his results.

He cali brates mainly the al pha van Genuchten paraneter
and the fracture porosity. These are the four different
nodel s, and you see they have fairly simlar fracture
porosities from .1l per cent. There are a little different
al pha because of the three dinensional nature. So this
shoul d be nmore accurate than this one or al pha for the PT
nodel s.

He just conpleted the results with an AMR because
t he comput er has been cranki ng and cranking and cranking
on a 3-D heterogeneous match that's shown here. These are
the various tests, and the 2-D honbgeneous, heterogeneous,
and the you see they are all very, very consi stent
results.

Now, what does this nmean? Then he uses
"val i dati on" when he takes another data set, uses the
cal i brated nodel, and in this case, | guess the predicted
is the red one, the nmean is this gray one here, or vice
versa. And in nost cases, he concludes that the predicted
seepage percentage is consistent with absolute values on a
95 confidence basis.

Finally, he did Monte Carlo sinulations to | ook
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at the seepage threshold, and this slide was done before
the AMR was reviewed, actually Chin-Fu Tsang was sitting
there, was ny technical reviewer for this AVR He
concluded that the seepage threshold for the m ddl e non-
i thophysal unit or the four nmeter niche is 1000
mllinmeters per year, which I think is a major concl usion
which is based on a | ot of sinmulations, as you see here.

Now, what does that mean for the | ower
i thophysal ? What does it nean? O course when you have
a bigger niche like 5.5 neters, this my go down sone, but
this is a very |arge value and could have huge inpacts, at
| east | think personally.
And that's it in five m nutes.
KNOPMAN:  |Is the AMR for that done?
BODVARSSON: Yes. The AMR, you've got a copy of the
AMR.  All the Board nenmbers, | sent two AMRs.
CRAIG A quick question from Debra?
KNOPMAN: | just want to make sure that we have
copi es of these viewgraphs, these new vi ewgraphs.
BODVARSSON: Yes. Do you want the one on Baker?
KNOPMAN:  Yes.
BODVARSSON:  Ckay.
CRAIG Thank you very much, Bo. And now we turn to
Joe Farner.

| see a special session this evening, or



© 00 N o g A~ w N P

N NN N NN R R R R R R R R R R
aa A W N P O © 00 N oo 0o~ w N+, O

406
sonet hing, on the 1000 mllimeter flux. Clearly, we could
tal k about that for a long tine.

FARMER: First of all, 1'd like to thank DOE, the
project and the Board for the opportunity to speak. It's
certainly a distinguished group of people on the Board,
and of course it's a privilege for all of us to have your
attention, and do appreciate the opportunity to be here.

The title of this particular presentation is the
devel opnent and validation of realistic, realistic | hope,
degradati on node nodels for the waste package and drip
shi el d.

This is basically a cartoon of the current EDA I
design. And of course in the EDA Il design, we're using
Al l oy-22 as a corrosion resistant outer barrier. W're
using 316 NG, both as a structural support, and sonething
that hasn't been nentioned nmuch to date, but also as a
type of radiation shielding. W have Titanium G ade 7
that we're using as a drip shield over the outside of the
wast e package. This will protect the waste package both
fromrock fall as well as from dripping water

There have been sone clever but unnmentioned
things taken into account in the design of this particular
system | know the engi neers have taken special care to
isolate the Titanium Grade 7 drip shield fromthe carbon

steel invert, and of course this is very inportant because
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if you get gal vanic coupling between a carbon steel invert
and the Titaniumdrip shield, you could get cathodic
hydrogen charging, and they have in fact designed this
feature out of the system So that isn't a concern in the
current design.

And, of course, if we have backfill over the drip
shield, we also don't have to worry about rock bolts and
netting and other things falling down on the top of the
drip shield. This has been a concern that's been raised
in the past, but |I don't think it's a concern that we have
at the present tine.

Anot her feature in the design not nentioned yet
is the fact that we're using Alloy-22 clad waste package
supports, and this is a very inportant feature because it
tends to give us an Alloy-22/Alloy-22 crevice in this
particul ar region, and as you'll see in sone of the
subsequent viewgraphs, this will substantially limt the
possibility for having a very bad aggressive environment
in this crevice region.

This is an integrated nechanistically based
degradati on node nodel, and in essence we're using the
sane general type of schematic for the Titanium G ade 7,
the Alloy-22 and the 316 NG

In this particular integrated nodel for the waste

package outer barrier, we account for the |ocal
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envi ronnent on the waste package surface. W also have a
number of thresholds built into the nodel so that we can
switch fromone type of failure nodel to another

We have a nunmber of node specific penetration
rates that we sumup to give an overall penetration rate.

Unli ke the nodels that we used in TSPA/ VA, we're now

i ncorporating the ability to deal with phase instabilities
in the Alloy-22, which is an inmportant issue that |
bel i eve we're adequately addressing at this particul ar
poi nt .

We're accounting for various types of

manuf acturi ng defects, such as flaws that could pronote

stress corrosion cracking. W have two conpeting nodels
for stress corrosion cracking, one that we've been using
hi storically, and when | say historically, probably over
the last two or three years, that's based on a threshol d
stress intensity factor.

In this particular case, it's assunmed that if the
stress intensity at the tip of a flaw exceeds the critical
t hreshold stress corrosion cracking, we will in fact
pronote and propagate the stress corrosion crack through

the wall of the container.
A conpeting nodel that comes fromthe nucl ear
i ndustry is known as the filmrupture nodel. 1In this

particul ar case, it's assum ng that even wi thout a pre-
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existing flaw, you can in fact nucleate a stress corrosion
crack and have that propagate at a relatively slow rate
t hrough the wall of the container by periodically
rupturing a filmat the crack tip. And since there is
sone di sagreenent as to which of these nodels is best,
we're pursuing both in parallel.

Today, 1'd like to discuss with you sone of the
general strategies that we're using in an attenpt to
val i date our nmodels. |In nost cases, the type of
validation we're doing is in essence using independent
measurenents in an attenpt to corroborate our predictions
and our nodels.

We're al so doing sonme boundi ng anal yses, and
| ooking at the results of these bounding anal yses to see
if they pass the Ho-Ho test, or if they are at least in a
regime that nakes sense to us.

The exanples that we'll be covering with you
today are general and |ocalized corrosion, crevice
corrosion, stress corrosion cracking, and agi ng and phase
stability.

The first exanple of using corroborative data
will be where | show you sone of our very | ow genera
corrosion rates, and I'Il show you how we've used a
cutting edge technique, Atom c Force M croscopy, to

confirmand validate that those corrosion rates are i ndeed
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as low as we believe themto be, and as low as we're
nodel | i ng.

"Il also nention to you how we're using cyclic
pol ari zation to validate or confirmthat these materials
are passive and stable over very broad ranges of
potential, and a variety of aggressive environnents.

In terns of crevice corrosion, |I'msure the Board
remenbers froma few years ago we were out cal cul ati ng
exactly how severe the environnent could be in various
crevices. And the Board correctly recommended to us that
maybe it would be wise to go out and actually try to
nmeasure these. So at this particular point, |I'm happy to
say that we've taken that advice to heart and we have gone
in and made in situ measurenents of crevice pH and found
that our transport cal cul ations were pretty much dead on
t he noney.

Stress corrosion cracking nodels, we have two
conpeting nodels, and I'll say a few words about the types
of data that we're collecting both to fit the paraneters
in those nodels, and also the types of testing that we're
doing to validate and show if those nodels are adequate
for predictive purposes.

Anot her nmore inportant feature that 1"l discuss
in the stress corrosion cracking nodel area is the fact

that we are concerned that any stress corrosion cracking
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may be unacceptable. So we proposed a process several
nont hs ago that we believe could perhaps conpletely
mtigate stress corrosion cracking, perhaps even elimnate
the need for stress corrosion cracking nodel s.

| showed sone prelimnary data with non-waste
package materials in Beatty. W now have data with All oy-
22 welds that are representative of the types of welds
we're going to have in the waste package. | believe we're
validating this mtigation technique as a neans for
perhaps elimnating stress corrosion cracking as a mjor
concern.

Over the last 18 nonths, two years, we've
collected a | ot of data on aging and phase stability.
We've also built up a theoretical capability for
predicting tinme/tenperature transformation di agranms, as
well as rates of precipitation at various intermetallics.

So I'lIl try to show you at | east Anna Whitman's sanpl er
approach, how we're trying to use the transm ssion
el ectron m croscope to go in and validate and confirm

t hese phase stability nodels.

Before | get into discussion specific degradation
nodes, | of course nentioned to you in the previous chart
that we've tried to account for how the |ocal environnment

on the waste package surface differs fromthe groundwater

or the near-field environment. We of course can cal cul ate
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what type of evolution we have in the |ocal environnment on
t he waste package surface using sonme of the geochem ca
codes such as E2-36. But, again, as recomended by the
Board, we've now gone in and done a |arge nunber of
experi ments where we actually do evaporative concentration
of el ectrolytes.

This is just one exanple. But in this particular
case, we've evaporatively concentrated 5000X J-13, and you
can see that after we renove about 90 per cent of the
water fromthis initial starting solution, the electrolyte
evolves into a sodium potassium chloride nitrate sol ution
with sonme residual carbonate buffer.

In this particular case, the boiling point is
around 112 degrees Centigrade, and it has a pH of 12. W
can go to even higher boiling points and nore concentrated
el ectrol ytes, but we believe a 90 per cent water renpval
i's perhaps nore aggressive than a fully saturated
sol ution, because we have still quite a | ot of dissolved
oxygen. W thout dissolved oxygen, your corrosion rates go
to a very lowlevel. So to go to a fully saturated
solution is not necessarily going to the npst aggressive
condi ti on.

We al so have a variant test nmedi um based upon
this 90 per cent water renmpval, which we refer to as SSW

In essence, it's a sodium potassiumchloride nitrate
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solution with a boiling point of 120 degrees, nuch higher
than this, and w thout any buffer present. And we believe
that's probably certainly pushing the envel ope in terns of
how aggressive a nedium coul d be.

We're relying a |lot, at |east on boundi ng our
corrosion rates, with data fromthe | ong-term corrosion
test facility. O course, we have to nake sure that the
el ectrolytes used in the long-termtest facility are
saturated with oxygen. |If they are not, that neans that
the rates we're neasuring would be not as conservative as
we would |ike themto be. W've gone in in an attenpt to
val i date our measured di ssol ved oxygen and conpared them
to published data for synthetic geothermal brines, and
based upon these conpari sons and ot her data, we believe
that we are in fact saturated in oxygen in the long-term
corrosion test facility. So any data conm ng out of that
facility should be conservative in nature.

We use wei ght | oss and di nensi onal change of
several hundred Alloy-22 and Titanium Grade 16 sanples as
a way of inferring what we believe the bounding corrosion
rates are for the waste package materi al s.

In this particular case, we see that the
corrosion rates, or general corrosion rates that are
cal cul ated fromthese wei ght | oss and di nensi onal changes

for both Titanium Grade 16 and Alloy-22 are, in essence, a
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Gal cean (phonetic) distribution of nmeasurenent error.

Now, that sounds bad at first, but what we're
really saying here is that the general corrosion rates
fall below the Iimt due to this nmeasurenent error. And
such low corrosion rates will not be life limting.

As we nmentioned before during Jean's tal k and
sonme others, in the case of Titanium Grade 16, which is an
anal og of the Titanium Grade 7 that we're using, we see
that the general corrosion rate is never observed to be
greater than around 350 nanoneters per year, or .35
m crons per year. And, of course, this would give us a
wast e package life--or I"'msorry--a drip shield |ife nuch
| onger than what we woul d need to neet regul atory
requirenents.

In a simlar fashion, if we |ook at the highest
observed rates for Alloy-22, which are bounded by this
di stribution of measurenent error, if you will, we can see
t hat the highest observed rate of 150 nanoneters per year,
or .15 mcrons per year would never limt the |life of a
wast e package.

Now, we realize that we have sonme skeptics in the
audi ence, so we didn't want to just go out and tell you
that we're maki ng measurenent error nmeasurenents, S0 we
realized early on that we had to take sone steps to prove

to you and show that these general corrosion rates are as
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| ow as we say that they are.

Here in the upper left-hand corner, you see a
surface image, an Alloy-22 surface inage with Atom c Force
M croscopy. Here, you can see sone of the nmachining marks
on the surface of the Alloy-22 as it cones fromthe mll.

We then do a vapor phase exposure of this sample in the
|l ong termcorrosion test facility, and there's not exact
regi stering between this machining mark and this one. You

know, it's, on a nanoscale, it's very hard to get these

things to register. But the topography is representative.
But at any rate, we do a one year exposure of
this sanple at 90 degrees Centigrade in a sinulated

acidified water, which is about 1000X J-13 at a pH of 3,
and you can see the onset of oxidation and corrosion with
per haps sonme scale formation. But the inportant thing is
in no case does the topography increase or exceed .3

m crons per year, or about 300 nanoneters per year.

So certainly the general corrosion that we image
with the Atom c Force M croscope is consistent with the
limts that we set with these wei ght | oss measurenents.
So this is one way that we go about validating or
confirm ng these general corrosion rates, or the limts
that we are setting on general corrosion with the wei ght
| oss.

This is another sanple exposed to the sane
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medium In this case, it is a liquid phase exposure. |If
you | ook at the portion of the surface that is bel ow the
silica scale, once again, you see that the genera
corrosion and oxidation that you infer fromthe change in
t opography is |l ess than about 150 nanoneters per year, or
.15 mcrons per year.

So, again, this is confirmatory and would tend to
substantiate our clains that the corrosion rates are in
fact quite low. W see these glacial type deposits form
on the surface of these Alloy-22 sanples when we put them
bel ow t he water line, and we use | ow angle x-ray
defraction with a Regatu (phonetic) stage to show t hat
t hese deposits are basically silica. And I think this
gets back to one of the person's comments having to do
with imobilization of silica.

So we've actually been toying with the idea that
maybe what we really have here is a silica coated waste
package that extrenely corrosion resistant. So this is
probably working to our advantage.

Now, of course, the reason that Alloy-22 and
Titanium Grade 7 is so corrosion resistant is because
these materials exhibit passivity over trenendously broad
range of el ectrochem cal potential. As we do cyclic
pol ari zati on or potentiodynam c nmeasurenents, we go from

the corrosion potential up to a higher or nore anodic
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potentials where we m ght start expecting the breakdown of
ei ther water or the passive filmon the material. W see
that the separation between the corrosion potential and
the threshold, or possible threshold potential, is very
| arge, 1000, 1200 mllivolts.

This trenmendously | arge separation between these
two defining potentials is a quantitative neasure of
exactly how corrosion resistant this particular materi al
is. There's no plausible way that | can think of to ever
get up and do this regi ne where you m ght start arguing
t hat you have sone type of breakdown of the TI 02 passive
film

So certainly Titanium Grade 7, Titanium Grade 16
are very stable in these environnments where we're testing.

In this particular case, it's a test in the sinulated
saturated water, saturated sodi um potassium chl oride
nitrate solution at 120 degrees Centi grade.

We do simlar measures with Alloy-22. 1In this
particul ar case, the SSWat 120 degrees Centigrade. Here
again, you see that you have a very broad range, or a very
broad potenti al separation between the corrosion potenti al
and the threshold potential. And, in fact, this threshold
potential is the onset of oxygen evolution. It doesn't
really define the catastrophic breakdown of the passive

film But because of the nature of the neasurenment, we
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sinmply know that if the passive film does break down, it's
somewhere above this |evel.

So you can see that we have passivity over an
extremely broad range of potential, and the only way we
can destabilize this passive filmis to somehow magically
push the corrosion potential up to that |evel where we
will break down, thernodynam cally break down the passive
film

This type of behavior that you see to the
Titanium and the Alloy-22 is in very sharp contrast to
what you see for other materials, such as 316L. And 316L
for all practical purposes, is about the sane material as
316 nucl ear grade, 316 NG which is the material that
we're going to use for the structural support.

In this particular case, you see that you can
have a catastrophic breakdown of the passive film at
potentials relatively close to the corrosion potential,
and there are plausi ble nechanisnms for pushing the open
circuit corrosion potential fromthis level, up into
regi mes where you would get this catastrophic breakdown of
the passive film And this, of course, is the reason that
t he engineering on the project decided to use these types
of materials for the drip shield and the waste package
outer barrier, and not the 316.

But even though we're not using this particul ar
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material for its corrosion resistant properties on this
10,000 year tine frame, it is in fact quite a good
structural material.

There are sonme unusual effects that we've
observed in Alloy-22 and we feel like it's our
pr of essi onal and ethical responsibility to point all of
t hese warts and bunps out to you, and this is basically
what we're doing here. W test Alloy-22 in a sinulated
concentrated water. Again, this is about 1000X J-13. W
still see in this particular case that we have to push the
potential up well over 700 mllivolts to get a breakdown
or failure of the passive film if you will.

However, there is a redox couple that is due to
sone oxidation state in the passive film In a perfect
wor |l d, you'd probably prefer not to see this redox
reaction, even though it doesn't seemto do anything in
ternms of de-stabilizing the passive film But as ||
show you in a second, we still believe that there's no
pl ausi bl e way of getting up into this redox regine.

And, of course, we've confirmed that this is a
redox couple in the oxide filmand not in the electrolyte
by conparing an el ectrochem cal scan for a platinum
standard. You see the peak on the Alloy-22, but not on
the platinumin the same el ectrol yte.

If we set at the potential that coincides with



420
t he onset of this anodic oxidation peak, we basically see
that we have an el ectrochem cal reaction where we're
probably changing the oxidation state in that passive
film but eventually we get conversation of the passive
film and the current density that we neasure returns to
around 4 m croanps per square centineter, which is
representative of a typical passive current density that
we observe with Alloy-22.

So this basically is evidence that even though
there is some type of redox reaction here, that the
passive filmis intact and stable.

So we have two types of thresholds that we can
define with Alloy-22, one due to the catastrophic
breakdown of the passive film This is a region that we
absolutely want to avoid because if we go above this
| evel , you renove the protective oxide filmand you can
get dissolution of the netal. And then this other, |
woul d call sort of a nuisance peak where we m ght get sone
sort of tenmporary redox occur. And to be conservative,
we're actually using this redox peak in the case of the
SCW el ectrol yte as defining the maxi mum potenti al that
we're willing to accept. And then, of course, we also go
out and neasure corrosion potentials.

Now, | nentioned to you that we're basing a | ot

of our nodel on these corrosion and threshold potentials.
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We have to assure that we don't have sonme nmmgi cal neans
of pushing our open circuit corrosion potential of any of
t he waste package materials into regi nes where we expect
harmto come to the waste package.

One techni que, or one way that we m ght push the
open circuit corrosion potential into a region of trouble
woul d be from gamm radiolysis. Gamm radiolysis
generates a nunber of species, but the one that primarily
affects the el ectrochem cal potential is hydrogen
peroxide. So we go in and actually investigate the effect
of hydrogen peroxide on the open circuit corrosion
potenti al .

A nunber of years ago, sone of you may renenber
this, at Livernore, we actually used a cobalt 60 source
and gamma pit studies to go in and quantify exactly how
much i npact the gamm field had on the open circuit
corrosion potential. Since we don't have the time or the
resources in our current environment to go in and repeat
the gamm pit studies, we have instead m m cked the
ef fects of gamm radiolysis using hydrogen peroxide
addi tions.

Based upon these neasurenments, we believe that
we're going to be able to screen out the ganma radiolysis
as a serious threat.

Here are sone experinments where we have | ooked at
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the change in the open circuit corrosion potential as a
function of hydrogen peroxide addition. The nunbers above
the curve represent steps in hydrogen peroxide
concentration in parts per mllion. So here we have zero,
8, 16, 24, 32, up to 72 parts per mllion hydrogen
peroxide in the electrolyte. And, of course, we basically
titrate this over sone period of tinme, and we
si mul taneously nonitor the open circuit corrosion
potenti al .

In the case of the sinulated concentrated well
water, J-13, we see that the maxi mum corrosi on potenti al
t hat we ever achi eve by these hydrogen peroxi de additions
is less than zero mllivolts versus the silver silver
chloride reference el ectrode.

In the case of that anodic oxidation peak |
showed you, you would have to have another 200 mllivolts
of potential before you could even get a redox change in
the film You' d probably have to have anot her 700
mllivolts above this maxi mum change in corrosion
potential before you could get into a regi ne where you
woul d have | ocalized breakdown of the passive film

So through experinments |ike this, we believe that
we can nore or |ess bound the effects of ganma radiolysis,
and hopefully use that as a neans of taking that off the

table in ternms of being a nmajor concern.
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We, of course, performthese experinments on al
of our various test nedia. Here, we have a simlar
experiment performed with sinmulated acidified water, and
in this particular case, we see that the maxi num anodic
potential that we can achieve is 150 mllivolts. Again,
in this particular case, in order to destabilize the
passive film we would have to be well above 700
mllivolts. So we have probably well over a 500 mllivolt
margin, and | don't think there's any pl ausible way of
getting there.

So this data goes to make the point that Alloy-22
is a very stable material indeed.

We've spent a lot of tinme over the |ast few years
worryi ng about crevice corrosion, and the TSPA/ VA design
when we had the carbon steel outer barrier, this was quite
a serious issue because as we would tend to corrode
t hrough the carbon steel barrier, we knew that we would
forma crevice between what was |eft of the carbon stee
and the Alloy-22 surface, and that ferric chloride
sol ution, which would be quite acidic, could be harnful to
the Alloy-22.

In the current design, we know that we're still
going to have crevices that are going to formin these
m neral deposits, corrosion products, and even between the

outer barrier and the inner barrier if you have sone
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breach of the outer barrier. Also between the waste
package and supports.

In a crevice, as nost of you realize by now, we
can have a very |low pH, because the dissolved netal in
t hese occl uded geonetries can hydrolyze to give you
hydrogen cations, and the field-driven electrom gration of
chloride into these regions will tend to further
exacerbate that environnment.

This crevice environnent can accel erate gener al
corrosion, pitting, and stress corrosion cracking. Now,
of course, the successful defense of the waste package
requires that we devel op a thorough understandi ng of that.

As we showed you in Beatty, we've now gone in and
actually physically nmeasured the crevice pH in these
environnents, and of course this was the recomendati on
made to us by the Board.

What you see in the upper |eft-hand corner is
that in the case of 316L and 316 NG, at relatively |ow
pol ari zations, |ow electrochem cal potentials at the nouth
of the crevice, we can achieve al nost spontaneous | ow pHs.

So if we were going to forma crevice with 316 in the

wast e package design, it could be quite threatening.

However, if we go to Alloy-22, which remins
passi ve over a very broad range of potential, up to around

1000 mllivolts, we see that the pHis not nearly as
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severe. For exanple, at around 400 mllivolts, the pH
never drops below 6. So in these passive crevices forned
from Al l oy-22, we do not believe that the crevice
environnent is going to be as bad as it would be with
mat eri al such as 316 NG

In the lower right-hand corner, you see the
crevice current that corresponds to the neasured pH In
this particular case, we see that we have to go to around
1000 mllivolts before we get catastrophic breakdown of
the passive filminside the crevice. And at that
particul ar point, we see a large increase in the current
goi ng out of the mouth of that crevice.

In this particular picture, you see a speci al
el ectrochem cal cell that we have built and operated to go
in and make these particular types of pH nmeasurenents.
This particular slide shows you two sanples used in this
artificial crevice. The one on the |left was polarized for
several weeks at 400 mllivolts, and of course you see

virtually no attack of the Alloy-22. The one on the right

was polarized at 1100 mllivolts at the crevice nouth, and
in this particular case, you see both a |ot of oxidation
of the Alloy-22 surface, and a | ot of severe crevice

attack along the | eading edge of a mass that was used to
define the front end of that crevice.

And as we | ook at this creviced environment up
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cl ose, again we see virtually no noticeable attack of the
Al l oy-22 at 400 mllivolts. But at 1100 mllivolts, we
see that the crevice attack can be severe indeed. So the
| esson | earned of course is that you don't want to push
these materials above their critical or threshold
potentials. And that's why a lot of the current nodel is
based on these types of thresholds. They're incorporated
into the TSPA/ VA nodel at this particular point.

As Jean nmentioned yesterday, it's inportant that
we use corroborative data. So in addition to doing
cal cul ations first of all, based upon transport, and
cal cul ati ng what these pH |l evels should be, we use in situ
sensors to neasure the pH, and then we go out and use
ot her techniques, such as inserting indicators papers into
these crevices.

In this particular case, you can see that under

open circuit conditions, we have a neutral solution in

this particular crevice. But as we polarize it at 800
mllivolts, it starts to acidify, and of course the paper
turns a corresponding color, a color that would correspond

to a pH of somewhere between 1 and 3.

And just to show you other corroborative data, we
perfornmed simlar experinments with 304 stainless steel,
and in this particular case, once we polarized the nouth

of the crevice, you not only see a general acidification
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and a passive crevice, you start seeing the nucl eation of
pits and the acid oozing or flow ng out of the nouth of
those pits. OF course, this is again the reason we didn't
pick a 300 series stainless steel as the outer barrier of
t he waste package. But we are in fact doing a | ot of
corroborative neasurenents |like this to validate our
nodel s and nake sure that our concepts are correct.

And this, of course, is an old nodel prediction
that | think I showed you a couple of years ago, and
think the bottomline here is that we're now neasuring at
800 mlIlivolts a pH between 2 and 3, and these were our
nodel predictions at that particular point in time. So |
think the data is bearing out that sone of our earlier
concepts were in fact correct.

To sunmmari ze, we | ook at the crevice corrosion of
the Alloy-22. W have two boundaries that we worked
between. |If we have buffer in the electrolyte that mkes
up the crevice solution, we get little or no suppression
of the pHin the crevice. |If we renove that buffer and
work, let's say, with an essentially saturated chloride
envi ronnent, we can get pH suppression in the crevice, and
at the point where we get a conplete breakdown of the
passive film the pH can go to a very |low | evel.

But at reasonable polarizations, let's say 200 to

400 mllivolts, the amunt of pH suppression we get in
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this crevice is not great. |If, in turn, we have a 316
crevice, we can get to nuch | ower pHs.

One of the reasons that we worry about pH
suppression in crevices with Titaniumis that the | ow pH
t he high concentration of hydrogen ions, coupled with a
cat hodi ¢ pol arization, can in fact drive hydrogen into a
crevice region.

In this particular case, we see hydrogen profiles
determ ned with secondary ion mass spec in a Titani um
Grade 16 crevice. These are ratios of counts per second
for hydrogen and Titanium | haven't converted these to
parts per mllion. But the bottomline here is that we
can use SIMS as a nethod of determ ning the maxi mum
hydrogen absorption in these Titani um based crevices.

VWhat we' ve observed, once we use calibrated
signals, is that the absorbed hydrogen renmai ns bel ow
around 1000 parts per mllion. 1In order for us to get
hydrogen i nduced cracking, even in a Titaniumcrevice, we
have to be above the threshold of 1000 parts per mllion
hydr ogen.

So this is the type of data that we're using to
go in and determ ne both paraneters in the hydrogen
i nduced cracking nodel, and also set thresholds and to
sone extent validate nodels and concepts.

CRAIG Joe, you've now used your full allotted half
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hour .

FARMER: Can | sit down now?

CRAIG No, no, we're not in a crisis node yet, but
we want to get back on schedul e.

FARMER: Okay. Sure.

BULLEN: M. Chairman, | woul d suggest we take tine
fromthe panel and finish the presentation.

CRAIG Well, I'mnot proposing to stop the
present ation.

BULLEN: | nean, if we have to run over with Joe, |
woul d just suggest we take tinme fromthe panel, naybe 10
or 15 m nutes.

CRAIG (Okay. Wiy don't we push on and see where we
are.

BULLEN: Okay, that's fine.

FARMER: All right. Well, let me | guess just to
basically put back up ny road map, and | apol ogi ze for the
sonmewhat chaotic nature of the presentation, but | believe
| at | east have given you sone flavor of the types of work
that we're doing to go in and | ook at the | ocal
envi ronnent on the waste package surface. |'ve shown you
sone of the data that we're using to determ ne these node
specific penetration rates. W of course are going in and
physi cal ly neasuring these corrosion and threshold

potentials as well as experinentally and nunerically
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determ ni ng these m ni mum possi ble pH |l evels that can form
in crevices.

So we're trying to basically go in and measure
all the pieces of this puzzle. The things that | haven't
shown you yet are over on the right-hand chart, right-hand
side of the chart. W're doing a lot of work to go in and
| ook at the phase stability of Alloy-22. This is a very
i nportant issue. And we're also doing a lot of work to
shore up these stress corrosion cracking nodels.

This is something that we didn't account for in
TSPA/ VA, and it turns out in the current waste package
design, this is probably going to be one of the nost
seri ous concerns that we have to worry about.

So now before | sit down, 1'd like to just say a
few words about the phase stability and the stress
corrosion cracking and how we're going to mtigate that.

We actually, as | said before, we have two
conpeting stress corrosion cracking nodels, one based on a
threshold stress intensity factor, and anot her based on
the filmrupture nmodel. To both validate and al so
determ ne sone of the paraneters, we're using the double
cantil ever beam nmethod. This particular nethod has been
illustrated for you before.

We' ve now placed a contract to General Electric

Corporation. W're using the reverse DC nethod of Pater
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Andresen to determ ne the crack propagation rates as a
function of stress intensity and various environnent al
paranmeters. So we are, in fact, |ooking at two
al ternative nodels to address the stress corrosion
cracking issue.

We have done a stress analysis of the unperturbed
wast e package. We've accounted for three basic sources of
stress, one due to nmass | oading of the container, another
due to the shrink fitting or thermally enhanced fit
process, and finally, we' ve | ooked at the stresses due to
unanneal ed wel d stress.

As you know in the waste package, after you | oad
the fuel in, you can't heat the waste package above 350
degrees Centigrade because of the limts on the cladding
of the fuel. So we can't use a thermal process for
annealing out the weld stress. W have to conme up with
sone other technique for doing this if we want to mtigate
the driver for stress corrosion cracking.

At Beatty, we nentioned to you that we were
| ooking at | aser peening as a nmethod for mtigating these
residual weld stresses that are the driver for stress
corrosion cracking. W had sone prelimnary data with a
4340 steel, and had actually | ooked at using doubl e pass
| aser peening as a nmethod of driving conpressive stress

deep into the waste package weld. And, of course, if you



© 00 N o g A~ w N P

N NN N NN R R R R R R R R R R
aa A W N P O © 00 N oo 0o~ w N+, O

432
can introduce conpressive stress, it counters the tensile
stress that would tend to drive the stress corrosion
cracki ng.

These are sone data for prototypical waste
package wel ds. These neasurenents were made .2 inches
fromthe fusion line. This is nade right on the
centerline. Here, you can see in this particular
i nvention, positive stresses are tensile negative, or
conpressi ve.

So, in essence, you see that in the un-peened
wast e package weld, we had relatively high tensile
stresses. In this particular case, the yield stress is
around 55 ksi. After doing |aser peening, we can push
t hose tensile stresses down into the conpressive region.
And, of course, if we convert the stresses in that waste
package weld fromtensile to conpressive, we can in
essence mtigate stress corrosion cracking and prevent it
fromoccurring. So it's sort of like inoculating sonmeone
to make sure they don't get the chicken pox perhaps.

A simlar case over here right on the centerline.

You start out with relatively tensile stresses, but after
doi ng | aser peening, we basically can drive those into
conpression. And | can tell you a little bit about the
| aser and the systemif you want to ask during

questi oni ng.
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We have theoretical nodels to now deal with the
phase stability and the precipitation kinetics in Alloy-22
and other materials of interest. The two codes that are
bei ng used are THERMO- CALC and DI CTRA. These are a
phenonenol ogi cal codes that can predict energetics,
regions of stability and netastability, as well as phase
transformation rates limted either by kinetics or
di ffusive transport.

And, of course, in sone of these nodels, you | ack
sone of the thernodynam c data that you need, so we're
using an el ectronic structure based approach to augnent
t he database so that we can do the jobs that we need to
do.

As you' ve seen before, we can in fact precipitate
intermetallic particles. These are generally Ni2, CR N 2
MO type particles. These internetallics are bad because
t hey can deplete alloy elenents that are responsible for
t he passivity of Alloy-22 and open up areas for |ocalized
attack of the materials. These precipitates can al so
enbrittle the material and make it nore prone to failure
if there's a rock fall. So it's very inportant that we
understand the precipitation kinetics.

We're actually going in and using the vol une
fracture of precipitate as a function of tine and

tenperature to validate our kinetic nodels.
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Here, you can see a material that's been
pur posefully aged to 1000 hours at a relatively high
tenmperature. And if you age these at a |ong enough tine
and a hi gh enough tenperature, you can eventually
conpletely cover the grain boundaries with internetallic

preci pitates.

We have started to collect enough data so that we

can in fact construct enpirical tinme/tenperature

transformati on diagrans. We're using DICTRA to go back in

and do a nore precise job of defining these boundaries
bet ween regi ons of partial grain boundary coverage,
conpl ete grain boundary coverage, and also to define
regi ons of | ong-range ordering.

The bottomline here is we're going to be
operating our waste package sonewhere bel ow 350 degrees
Centigrade, so in our particular case, we don't believe
t hat phase instabilities in the material will be a life
limting problem

We've also gone in and started to do kinetic
measurenents. These lines represent the point when you
would first initiate grain boundary precipitation, and
this other line represents, for exanple, when you start
having precipitates formin the bulk material. The red
i ne represents the point when you' ve conpletely covered

the grain boundaries with precipitates.
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So we are both experinentally and theoretically
| ooking at the precipitation kinetics in these alloys to
prove that they have the stability that we need.

In sunmary, we believe that validation is an
essential part of nodel devel opment and requires quite a
| ot of time to discuss in a presentation like this. 1've
tried to give you four exanples of nodel validation, one
related to general and | ocalized corrosion, another having
to do with crevice corrosion, sone having to do with
stress corrosion cracking, and finally, some having to do
with phase stability.

Sone prelimnary conclusions. At the present
time, we don't believe that the waste package is going to
be limted by general corrosion. W don't think that
| ocalized corrosion is going to be a significant problem
with this particular material. Prelimnary data indicates
t hat phase stability will be acceptable.

We are, of course, as | nentioned, focusing on
mtigation of stress corrosion cracking at the final
cl osure weld. W have two conpeting nodels for stress
corrosion cracking, and we're doing a lot of work with the
| aser peening as a way of elimnating the tensile stresses
that would tend to drive that particular node of failure.

We have a new design. Two nmaterials were brought

on board with the new design, Titanium and 316. Tests on
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these materials for all practical purposes have just
begun. We've been testing probably |Iess than six nonths
with these materials, and need a | ot nore data.

We know that we have at |east two fabrication
processes that are going to require sone additional
research and devel opnment. We have a thermally enhanced
fit of the Alloy-22 over the 316 NG and we need to
understand very well exactly what type of tensile stresses
will be introduced into the Alloy-22 as a result of that
thermal |y enhanced fitting process. And we also realize
at this particular point that it's going to be inportant
to bring on board sone of the state of the art techniques,
such as | aser peening, to mtigate stress corrosion
cracki ng.

And I would like to point out that the peening is
not a toy box type process. |It's actually being used to
treat turbine blades on sone very high performance
aircraft that are very inportant to us, and it's also
bei ng used to do peening on sone gears that have equal
i nportance. So it isn't just a sandbox process, and it's
been conmerci al i zed.

So I'Il be happy to answer any questions.

CRAIG Okay, wonderful. W have tinme for sone
di scussi on. Dan Bullen?

BULLEN: Bul len, Board. Actually, Joe, | want to
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conpliment you to begin with, because it's always very
ni ce for people to acknow edge that we've made suggestions
and that the DOE and the M&O contractors have gone out and
actually done the things that we m ght think would be
i nportant, and then to have those results cone back to us
and say, well, this is what you told us you wanted to do,
and we did it, is always a little bit reassuring.
Now, unfortunately, that never cones free, and so
I know it costs noney, and you probably had to do things
t hat ot herwi se you m ght have done because of that.
| have a nunber of issues that | want to talk
about. | guess the first one will always be radiolysis.
And as | go back to the radiolysis issues that were raised
on Figure 9, we started tal king about the polarization
curves.
FARMER: Okay.
BULLEN: The question that | have for you deals with
the fact that if you add the hydrogen peroxide--actually I
guess it would be subsequent to that. It was a little bit
farther down. Your Figure 12, where the radiolysis--as
you titrated in the hydrogen peroxide.
FARMER: Ri ght .
BULLEN: The question that | have for you is in an
aqueous environnent, this all nmakes sense. But in a thin

filmenvironment underneath the drip shield, if you're
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trying to take a look at the condensate that's there, and
as you introduce, you al so have hydrogen peroxi de that
woul d be there, which is the detrinment, in the radiolysis
envi ronnent, you're going to have other actors that w |
be there.

Now, for the Titanium the nitrates and the
nitric acid probably are who cares, because that's
actually a beneficial breakdown, but are there any other
things that m ght junp up and bite you? Are there any
surprises you' d expect to see? And if so, are there tests
that you think you could do or should have done, or maybe
woul d want to do? | nean, before the 50 years of
enpl acenent, you've got a lot of tine to figure out how am
| going to test this drip shield. And so maybe you coul d
give me an indication of what you'd expect to try and do
with respect to radiolysis testing at sonme point in tine.

FARMER: Okay. Well, first of all, I"mputting this
up not because--well, it's pretty for one thing--but the
other reason |I'mputting it up is because | think this
illustrates the strength of the Atom ¢ Force M croscope
and why we've been using it so much.

First of all, these waste package materials for
all practical purposes don't corrode. W beat on them we
dip themin lots of horrible things, and you pull them out

and they basically | ook pretty much |ike when you put them
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So if you don't have sonething |ike an Atom c
Force M croscope to | ook at the surface, you on first
appearance have a null experinent.

Now, this is a particular case where we actually
observed spontaneous pitting on a 300 series stainless
steel, and | unfortunately didn't have tine to nake a
vi ewgraph of it, but we have sim|ar experinents we've
done where we have taken--1 didn't discuss it at the
m crophone--but we have done sone experinents where we
have submersed these with hydrogen peroxi de, not nmaking
potential measurenents, but actually |ooking at the
evol uti on of the norphol ogy of the passive filmas we dope
t hese or add hydrogen peroxide to the electrolyte.

And, frankly, in those cases, you know, here you
see a very terrible thing happening to the passive filmon
this 300 series stainless steel. W see nothing like this
happening with the Alloy-22.

You know, Peter Bedrossian, who's a physicist who
runs the mcroscope, will cone in after he's had too nmuch
coffee and try to convince nme that he's seen sonme change.

But, you know, ten cups of the very best Starbuck's and I
still can't see it.

So | think that the passive filmon the Alloy-22

is quite stable, even in a thin film environnent.
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BULLEN: How about have you done the sane for the
Ti tani unf
FARMER: Again, this is not directly relevant, but
|'ve shown you a | ot of pictures where nothing happens, so
| don't want you to get the inmpression that the Atom c
Force M croscope can't see anything. This is a case where
we purposely took Titanium Grade 12, which incidentally is
not the Titanium grade we're using, and we charged the
di ckens out of it at about mnus 1.45 volts, and we've
used SIMS here to depth profile the hydrogen into the
Ti tanium surface, and we've | ooked at the evolution of the
Ti tanium surface as we hydrogen charge it, and | show you
this not because this is what our waste package is. Qur
wast e package isn't going to look like this. But the
point is if we had a problemlike this, we'd sure as heck
be able to see it.
You know, this is very interesting. You're
actually seeing here the formation of sort of nano-
hydr ogen bubbl es sub-surface. And the nore incredible
thing about this is that in this particular environnment
when we do this cathodic chargi ng, when we keep the
el ectrochem cal potential on the surface, the surface
remains flat. You don't formthose bubbles until you
rel ease the el ectrochen cal potential, and you start

form ng gaseous hydrogen inside.
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So we do have the ability to see these types of
phenonmenon. We | ook at hydrogen peroxide effects on
Titanium We | ook at themon steel. We |ook at them on
Al loy-22. And, frankly, it doesn't do very nmuch at all on
either Titaniumor Alloy-22. |In both cases, the materi al
remai ns passive, and fairly boring to | ook at.

BULLEN: Let nme change gears just for a second, and |
won't take too much nore tinme, M. Chairnman

On Slide 17, you say--you just glossed over it--
but m crobes may pose a unique threat, and | didn't see in
your slide Number 3, which you actually had to put up
there on the other side, anything that said MC. Are you
just grouping MC with |ocalized corrosion in that case?
O how do you nmodel MC, | guess, is the question?

VWhere's the switch?

FARMER: Okay. Well, at the present tinme, we have
done a | ot of MC work. JoAnn Horn, as nost of you know,
has headed up a very nice MC effort in our |aboratory.

We have seen sone very interesting biofilnm formon these
sanples. After you renove the biofilmand start | ooking
at the passive filmunderneath, again, these are very fl at
boring surfaces to | ook at.

So ny gut feel fromlooking at them | know there
was a press conference sonewhere, | can't renmenber exactly

where it was, but it nmade it in the Las Vegas Sun,



t hink, having to do with the bugs that ate Yucca M
or sonmething to that effect. But | |ooked at those
sanpl es nyself, and I think the holes that were see

actually holes in the biofilm

442

unt ai n,

n were

So we've now gone in and | ooked beneath the

bi ofilm again with the AFM SEM ot her techni ques,

and

t hose surfaces do not, at least to nme and others, | ook

appreci ably attacked.

Now, the thing that we are worryi ng about
do have sul fate reducing bacteria at Yucca Mountain
sul fate reducing bacteria can form sulfide. One of
key contam nants in a nediumthat can cause stress
corrosion cracking in these nickel based alloys is
sulfide. So we've pretty well | think, or we've go
pretty far down the road |I think towards dism ssing

hydrogen peroxide issue as a major killer, or somet

is we
) Thi s
t he

ne
t he

hi ng

that, you know, the boogie man is really going to get us.

But we still have to do some work here with

sul fide and sulfate reduci ng bacteria. W haven't

quantified this yet, but we're working on it. It isn't

going to be in the early revisions of the AMR, but
ultimately be incorporated. So | guess that's the
way | can do it.

BULLEN: I'msorry. One final question?

it will

best
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CRAIG Hold on, Dan. We've got to turn--we're
runni ng out of tinme, and Roger Newman is a consultant.

NEWMAN: |'m Roger Newman. | guess |I'ma consultant
for today's purposes.

CRAIG Fromthe University of Manchester, and he's
on the panel this afternoon.

FARMVER: He knows nore about stress corrosion
cracking, or he's probably forgotten nore about stress
corrosion cracking than we will ever know.

NEWMAN: |'m actually not going to talk about stress
corrosion cracking, although I think that's an interesting
i ssue.

| wanted to just address a few things that |
t hought at |east at first sight seemto be sort of non-
conservative aspects of your testing. | just wondered if
possi bly you could reassure ne that you' ve actually done
the conservative versions of those.

FARMER: All right.

NEWMAN: The first one really was that your corrosion
test didn't appear to be done on material containing a
wel d. |s that because you don't think there's a
di fference?

FARMER: No, actually that's a m sconception, because
in our long-termcorrosion test facility, we have 18, 000

sanpl es. Several hundred of those sanples are Alloy-22
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and Titanium | have sone pictures in nmy briefcase | can
show you of the facility. But those are both wel ded and
un- wel ded sanpl es.

In terms of our aging, we're |ooking both, our
agi ng studies, we're |ooking both at wel ded and un-wel ded
sanples. Qur initial cyclic polarization studies, we had
to go back and do a ot of work with the base nmetal to
ki nd of get the baseline data. W' re now both wel di ng
sanpl es and agi ng sanples and conparing the cyclic
pol ari zati on data we get for aged sanples to that of un-
aged sanpl es.

And, of course, in sone cases, you can actually
see quite a large difference as you age a sanple, because
you formthese precipitates on the grain boundaries, you
can see a lot of |ocalized attack.

NEWMAN: | nean, people that make these materials
recogni ze that this alloy has a critical tenperature for
pitting corrosion, or crevice corrosion, which is close
to, if not above, 100 degrees C. So it's not very
surprising that you can't corrode it. However, the wel ded
material is always assigned a significantly |ower critical
tenmperature, which can be, | believe, as low as 70 or 80
degrees. O course, that's presumably during that testing
in a very aggressive environnent. But it was really just

a comment about that.
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Actually, | just wanted to go through a snal
list here. You' ve nore or |ess reassured me on that one.

FARMER: Okay.

NEWVMAN: The second one was that all these
environments contain an awful lot of nitrate, and nitrate
is a very strong inhibitor of localized corrosion of
ni ckel alloys and stainless steel. How sure are you that
there is going to be that nmuch nitrate? Because it seens
to me that your environnments are sort of on the edge of a
cliff between corrosivity and non-corrosivity.

You could see that actually in your results of
the 316L stainless steel, where it started to pit, and
then as you made the potential nore positive, the pits
died. And that's a classic result from for exanple,
Lackey and U ig, 1966, or sonething.

FARMER: Ri ght.

NEWMAN:  That when you have nitrate present, the
corrosion tends to occur over a range of electrode
potentials. It doesn't occur at high potentials. It
doesn't occur at |ow potentials. And so just a slight
concern there that you--

FARVER: Well, what we did, we have conducted all the
cyclic polarization data, and you've seen all the stress
corrosion cracking data. The early tests were actually

done in like 5 per cent sodiumchloride at different pH
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l evels, with no nitrate present. So we did a |ot of
testing in those environments. |In fact, we have about
five years worth of data, cyclic polarization, stress
corrosion cracking data, in these sort of binary
el ectrol ytes.

What we of course were encouraged to do by this
Board and others is to test in relevant environnments. So
one of the first things we did is to go back and take our
standardi zed test nedia, which are the SAW SDW SCW so
on and so forth, repeat the cyclic polarization studies in
those relevant test nedia that are based on the J-13 water
chem stry, also use those test environments to repeat
stress corrosion cracking neasurenents, and to expand
t hose standard test nedia to include other bounding
condi ti ons.

Actual ly, it was Peter Andresen who pushed us
towards these saturated environments where we
evaporatively concentrate the electrolytes down to the
poi nt where we do have these sodi um potassium chloride
nitrate type environnents.

NEWMAN: But could you have concentrated out the
chloride and the nitrate together? It stays equally
inhibiting as you concentrate it.

FARVER: Well, that in fact we do those

experinmentally. We didn't, you know, a priori, say we
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want to sonehow run this experinent so that--

NEWMAN: | understand it's a real thing to try to
si nmul at e.

FARMER:. O course, the sulfate and the fluoride
preci pitate out, and eventually you can di sproportionate
the carbonate. So we didn't intentionally, you know,
design that electrolyte. It's just sort of what we were
gi ven.

So | think that was an attenpt to try to test the
materials in relevant environments. And because of both
the time frame that we have, you know, we're on a fairly
fast track process in terns of, you know, we turn the
desi gn around and have--we had | think one or two
materi al s before, now we have three, and two of those were
on the test program So, you know, we're trying--you kind
of turn the program around on a dine, and | think we've
actually done that.

But in turning the program around on a tinme, we
have pretty well had to go through all the coments that
have been made to us by a |l arge nunber of review boards
and panels, and we've had to pick those coments that seem
to be nost rel evant and nost dead on target, and | think
to the credit of this Board, | think a |ot of those
comment s have probably come from Al berto and Dan and Paul

and ot hers.
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But we've tried to take a | ot of those coments
and target them very specifically, and a | ot of those
comments over the |ast few years have dealt with the
rel evance of the test environnent. W' ve pushed away from
testing in pure sodiumchloride solutions at varying pH.
So they've really pushed us towards making sure that al
the tests nedia are directly tied to the J-13 water
conposition, and that there's sonme plausible way to get to
t hat conposition, such as evaporation.

Actually, | didn't dwell a lot on it, but you'l
notice that some of the switches that we used to switch
bet ween dry oxidation, humd air corrosion and aqueous
phase corrosion are actually Del aguescence points. There
is a whole body of experinmental data | couldn't discuss
with you that's being collected by Geg Gdowski, where he
actually puts very carefully and reproduci bly puts salt
deposits on waste package surfaces to nmeasure these
Del aquescence points so we know exactly at what threshol d
relative hum dity we can have the existence of a truly
aqueous phase.

NEWMAN:  Just one nore quick one, if | may.

Why did you do the crevice corrosion tests at

roomtenperature? What was the point of that?
FARVER: Well, the reason | did them at room

tenperature initially is because that of course is the
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easi est experinment to do. And our sensors work very well.
We run experinments at tenperatures as high as 85 degrees
Centigrade. | have sensors that | was prom sed woul d work
to 127 degrees Centigrade. |'msure they will, given
enough patience and time, but the experinents of course
get nmore difficult as you go up in tenperature. W have
pl ans to do those experinments, but we have budgetary and
time imtations. So we haven't done them

NEWMAN:  And finally then, just the final thing is I
don't understand why you define the corrosion potential as
sonet hing that's measured over such a short period of
time, because it's | think experinmentally observed that
the corrosion potential goes up nore or less with the | og
of time. It's a logarithmc type of increase.

FARMER: Well, it doesn't increase indefinitely of
course. There's limts to where it can go.

NEWMAN:  Wel |, thermodynamically, it can go as high
as the oxygen electrode, but |I don't think it would ever
do that.

FARMER:  Yeabh.

NEWVAN:  But what concerns nme, and | think this is
not in any way a criticismof what you're doing, but it's
nore |i ke perhaps an extension of the usual corrosion
scientist's task of trying to predict the nost horrible

thing that can happen, is that especially if you have a
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bit of peroxide around, that potential you said is 200
mllivolts below that critical potential where you get
this transpassivity phenonenon, this nolybdenum
di ssol uti on.

FARMER: Ri ght.

NEWMAN:  How do you know it's not going to get up
there in a few years?

FARMER: Well, we haven't--nost of the hydrogen
per oxi de nmeasurenents we've nade to this point have been
of the type that | showed you

NEWMAN:  Well, even without the hydrogen peroxide?

FARMER: Right. But we have made ot her open circuit
corrosion potential measurenments where we've nonitored the
corrosion potential for several nonths. And in those
particul ar cases, you know, you'll see sone very | ow
frequency or very long wave lengths, if you will, change
or fluctuation in the corrosion potential, but it
generally doesn't fluctuate nore than perhaps plus or
m nus 100 mllivolts fromits starting point. W have
sone data like that that | can share with you if you'd
like to see it.

NEWMAN: It's funny, though, the only two rea
serious corrosion problens that have happened with either
of these two materials in the last ten years, that's the

ni ckel based alloys and the Titanium were both caused by
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hydrogen peroxi de and were both uniformtype corrosion.
These were discovered mainly in bleach plants and in
conpani es that make things like toilet cleaner where
they're switching to hydrogen peroxi de.

FARMER: That m ght be a good second career.

NEWMAN: That's right. And | know that you don't
have very much hydrogen peroxi de, and so on and so on, but
it is sort of a strange coincidence that these materials
are both highly sensitive to hydrogen peroxi de.

In the aerospace industry, they actually dip
Titaniumin hydrogen peroxide to clean it, to etch it,
before they glue aircraft conponents together, and so on.

And so there is this sensitivity. | guess I'd like to be
reassured even a little bit nore about how | ow the risk
really is fromthe hydrogen peroxide.

CRAIG At this point, we're going to have to take a
break. | would encourage you all to cone back in five
m nutes. Let nme ask the Board to please pick up your
material. Please pick up your material, Board nenbers,
because the tables have to be rearranged for the panel.

(Whereupon, a brief recess was taken.)

SAGUES: We're ready now for the roundtable
di scussion. This is the roundtable discussion on nodel
validation. M nane is Alberto Sagués, with the Nucl ear

Wast e Techni cal Review Board. And what we are going to do
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first is we're going to allow the roundtabl e panel nenbers
to introduce thensel ves.

Before that, let nme tell you that there are a
coupl e of changes. Norm Christensen, who was going to be
the Chair for the roundtable unfortunately had to do down
to North Carolina to let the fish out, I'"'mtold, out of an
aquarium or sonething like that. And as a result, | am
Chairing this roundtable. And instead of Norm
Christensen, Dr. Richard Parizek will take his place.

Al so, anot her change, as it was announced earlier
today, Steve Frishman is going to be replaced by Linda
Lehman.

So we're going to go ahead with the self-
presentations actually of the panel nmenbers, and if you
coul d pl ease state your nanme, position and affiliation,
and area of expertise briefly, that will be better than ny
trying to do it. So we're going to start here to ny
right. Please go ahead.

NEWMAN:  Wel |, you've just heard too nmuch of nme a
m nute ago. |'m Roger Newman. |I'mfrom UM ST, which is a
university in Manchester, United Kingdom where |I'm
prof essor of corrosion and protection. And for these
pur poses, |I'ma consultant to the Board. 1've spent, or
wast ed, dependi ng on your point of view, the last 15 years

wor ki ng on passivity and | ocalized corrosion of stainless
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steel, and nickel alloys are nore or |ess the sane thing.

ORESKES: |'m Naomi Oreskes. |'m an associate
professor in the Departnent of History and the Program and
Sci ence Studies at the University of California, San
Diego. M specialty is the question of the stabilization
of scientific know edge, how scientific communities answer
t he question that's been posed many tines today, which is
how much information is enough. And | | ook at that both
hi storically and philosophically to try to understand how
scientific communities have grappled with that question in
t he past, and al so how we m ght grapple with it today.

KONl KOW | am Leonard Koni kow. |I'mwth the U S
Geol ogi cal Survey in Reston, Virginia. 1've been with
t hem about 27 years now, and |'ve been working on the
devel opnent and application of solutransport nodels and
groundwat er fl ow nodels primarily to groundwater
cont am nati on probl ens.

RUNNELLS: | suppose | should introduce nyself. [|I'm
Don Runnells, menber of the Board. 1|'m a geochen st,
retired fromthe University of Col orado, soon to retire
from an engineering consulting firm quite a few years
dealing with the geochem stry of metals and uranium
radi onucl i des.

TSANG. |'m Chin-Fu Tsang fromthe Law ence Berkel ey

Nati onal Lab. 1'mthe head of the Departnment of
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Hydr ogeol ogy in the Sciences Division. M nmain research
has been het erogeneous nodelling and al so validation
sonetines. And | was involved with | NTRAVAL, DECOVALEX,
t hat kind of thing.

APPLEGATE: |'m Dave Applegate. |'m Director of
Governnment Affairs at the American Geol ogical Institute.
I'"ma scientist by training, but a policy wonk by
prof ession, and as a policy wonk, | can't tell you what ny
expertise is. There's no such thing. M experience was
first spending five years in the Death Valley region
studyi ng geol ogy there, but then spending a year on
Capitol Hi Il working as a scientist for the Senate
Committee on Energy and Natural Resources, which had a
passing interest in the subject, and following it from
afar since then.

LEHMAN: |'m Li nda Lehman, consultant to the State of
Nevada. |'m a hydrogeol ogi st and have been involved in
Yucca Mountain project and before that, BWPP for the
Nucl ear Regul atory Conmi ssion in the Performance
Assessment Section, and |I've been doi ng hydrol ogic
nodel i ng of the saturated and unsaturated zone for the
State of Nevada for about the past 17 years.

PARI ZEK: |'m Richard Parizek, a Board nmenber
i nterested in hydrogeol ogy, environnental geology. |[|'m at

Penn State University. |1've been there it seens |ike as
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| ong as--half the buildings have been added since | cane.

I know too nuch about the sub-aspects of it, but we are
still very active and supervi se graduate research, and as
a result, have gotten involved in the nodelling of a
variety of types of problenms. | worked with WPP for
seven years, KBS systens panel of Tom Bi ckford, and then
also in KBS review in the Swedish granite problemw th the
Board now just practically three years.

El SENBERG. |'m Norman Ei senberg from the Nucl ear
Regul atory Commi ssion. |'ve had about 20 years experience
in performance assessnment at the NRC, and at DOE.

ANDREWS: |'m Bob Andrews with the MO, manage
performance assessnment there, but ny training is actually
i n hydr ogeol ogy.

SAGUES: Well, thank you very nmuch. And again, |'m
Al berto Sagués. |'m professor at the University of South
Florida. M main area of interest is in corrosion of
materials, and | have been also with the Board for al nost
three years now.

| see that in the audience we still have Bo
Bodvarsson and Joe Farner. | don't know for how | ong that
Bo is going to be around.
ANDREWS: As long as we need him
SAGUES: It was rumpred that Bo was going to be out

of town.
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BODVARSSON: | | eave at 4:30.
SAGUES: Okay, very good. Although Bo Bodvarsson and
Joe Farnmer are not nenbers of the roundtabl e discussion
t henselves, | think that it's very convenient that they're
here in the audi ence, because periodically we my have to
refer to some of their work.

And I'd like to start the discussion on a
sonewhat free format for right now But |I think that it
woul d be very desirable to start with a discussion of the
many coments the panel nmenmbers would |ike to make on the
nodel s that we saw today that were presented by Bo
Bodvar sson and Joe Far mner.

So what | would like to do at this nonment is to
open the panel for discussion for whoever would like to
start maki ng any comments.

El SENBERG. Could | ask a clarification? Are you
aski ng about the nodels or about how well the nodels are

good exanpl es of validation exercises?

SAGUES: | think that | wouldn't make any limitations
at this nonment. Just go ahead.

El SENBERG | could make some comments about how wel |
they mght fit in with a validation approach. | guess |

was a little disappointed in sone of the exanples. Bo
Bodvar sson seened to indicate that if--and | think Koni kow

should relate to this--if a calibrated nodel matches the
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data, that it's a denonstration--that seens to show t hat
it's a proper calibration. It doesn't necessarily
denonstrate validation, and yet it seemed to be portrayed
as a validation exercise.

About Farnmer, the Farner exanples, they show that
the short-term neasurenent rates were confirmed, but it
doesn't really respond to what may be the key questi on,
which is can you extrapol ate these data in these nodels
over long tines.

So | think in a sense, the questions that m ght
be key are not answered. Can these nodels be extrapol at ed
to long tines and | arge distances, and how do we know?

And is there assurance that alternative nodels with
different inplications for performance are not conpatible
with the data? What seenms to have been shown is that the
nodel s that were proposed are conpatible with the data.
And what evidence is there that different processes don't
ari se over these long tines and space scal es?

And, finally, with the increased reliance on the
wast e package in EBS, have the nodels that support those
conponents, has the support for those nodels been
i ncreased proportionately?

SAGUES: Those issues apply equally to both nodels.
By the way, nore housekeepi ng, when any of the panel

menmbers speak, please say your |last name first for those
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who keep records.

Do we have any comments on these statenents on
the part of nmenbers of the panel?

ORESKES: Oreskes, consultant. Yeah, 1'd like to
follow up and agree with that statement, and particularly
with respect to the issue of the predictive accuracy of
the calibrated nodel

It seens to nme that there's a conceptua
confusion that takes place here, which is that it's a
confl ation of predictive accuracy with conceptual
accuracy. It's extrenely possible for a nodel to have a
hi gh degree of predictive accuracy, especially a
cal i brated nodel that's being used, as the cases we saw
today were, over, as you point out, a specific time frame
and a specific scale, specific geographic or tenporal
scal e.

The fact that the calibrated nodel accurately
predi cts processes on that scale and tine frame is no
guarantee that it tells you that you have the accurate
concept ual nodel

Now, | don't nmean to say that there's a sinple
answer to this question, because i don't think there is.

I think it's an extrenely difficult problem and |I'm not
purporting to have an answer to it right now, but | think

that this issue really has to be addressed, and | think
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there's a way in which when we call these things
val i dation exercises, it seens to inply that the
under | yi ng process nodel, the underlying assunptions about
what the processes are are valid, and I think that that
inplication, it seenms to nme, should raise concerns for us.

TSANG. Chin-Fu Tsang. | think there's definitely a
di fference between calibrated nodels and PA nodels. In
cal i brated nmodels, you are |ooking at particular field
experinments.

Now, the field experinent has a l[imted tine
frame, and you al so have sone features that you do not
need at the PA nodel. For instance, when you do a
pressure test, you have a high pressure gradient. For a
PA nodel, you probably don't need such high pressure

gradi ent near the well bore, and you say you have very

i nportant, in fact, near the injection point, in the PA
nodel , you don't have to worry about that. That's one
t hi ng.

The second thing with calibration nodels is that
if you calibrate, you can use a not so accurate nodel and
hide a lot of things in the paraneter value, which is fine
for little short-term extrapolations. You're going to
reproduce the next set of field experinments, that's fine.

But you don't want to extrapolate to 10,000 years,

100, 000 years, to a slightly different site with slightly
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different properties. You really have to be careful.
So | think that is a step to go froma calibrated
nodel to the PA nodel. And one should handl e that
appropriately. They're not the sane thing necessarily.

RUNNELLS: Runnells. | would just comment that Bo
Bodvarsson was particularly careful | think to specify
that his nodel as presented was for a particular site, a
particul ar set of rocks, if you like, and a particul ar, |
won't say tinme frame, but | think it was inplied a tine
frame. There was no hint there that this was a
generalization. So | think the fact that you can hide
sone of these unknowns, not hide, incorporate some of
t hese unknowns into the paranmeters is somewhat acceptable
when you specify, as he did, the nmodel for this particular
site, this particular tine.

TSANG. | think the PA nodel is appropriate to hide
sone things, but you just have to be careful what to do
when you're having such | ong-term predictions.

ANDREWS: This is Andrews. | think the issue has
been raised about, but let's talk about the UZ flow, about
predi ctive accuracy for the intended use of that
particul ar nodel. The intended use, one intended use
anyway, there's several others, is the average and spaci al
di stribution of flux at repository horizon, of course

sonething that's not directly observable. [It's only
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inferable fromsone tests and fromthe nodel itself.

And | think what Bo showed first through a series
of calibrations, and then through some, call them whatever
you want to, confidence building, is that within a factor
of two to five, perhaps a factor of ten, he could
reasonably predict, and I'Il use the word predict, the
current present day percolation flux at the repository
horizon. Comng at it froma lot of different angles,
fromtenperatures, fromchlorides, fromstrontium from
Chl orine-36, et cetera.

No one asked Bo to make that is the number 3.1 or
3.2. We asked is it between 3 and 10, or 30 and 100.
That's the present day.

Now, it's also going to be used as a projection
into the future, which requires sone other forcing
functions, in particular, climte change and the
uncertainty in future states of climte, and future
changes in infiltration that result fromthose future
changes of climte. But as a starting point, if | just
| ook at that one particular aspect of it, | would say that
it has a very reasonable predictive accuracy for that
particul ar aspect of the nodel.

APPLEGATE: Following up on that--Applegate, AQ --
following up on that, I'mtrying to think of it froma

sort of policy maker's perspective, and again |I'm hung up
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li ke a couple of the others are on this distinction
bet ween calibration and validation. It seens that at the
heart of it, validation should be a reality check

And the challenge here is that if you' re view ng
it as that, you're doing a reality check, and | guess the
best way to put it is you're doing a reality check in Y2K,
but the reality that you' re actually trying to look at is
Y12K.

And how do you get around that? How do you get
around that problem sort of getting beyond the
calibration to the--in other words, the danger is that
you're prom sing too nuch in terns of even describing it
as validation in that context.

KONI KOW  Konikow. 1'd like to say a few words.
don't have any particular criticisns or coments on the
specific nodels that were used, but again, what | heard
yesterday and particularly today was what | interpret as a
| ot of wordsm thing and spin doctoring related to the
concept and term nol ogy of nodel validation.

I was really kind of surprised and maybe even
chagrined at how i ngrained and pervasive within the small
community related to high level repositories this concept
and desire to validate nodels is. [It's even on the cover
sheets for reports that Dan sent nme a coupl e days ago,

even a check-off box for model validation. And this
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really amazes ne.

It's something to check off. We've done it. And
one of the dangers of course in doing this is that--well,
there's several dangers. One is that you inply nodels can
i ndeed be validated. Another is that you inply, and a | ot
of people take this inplication that once the nodel has
been validated, there's no need for further testing,
because we have valid nodels.

If I look in this particular report that was sent
to me, again | just keep seeing self-inconsistencies
dealing with this whole concept of nodel validation. And,
again, I'mnot criticizing the nodel itself or what was
done for nmodel testing. But in the section on nodel
validation, it says this nodel cannot be vali dated
vigorously. Okay? And so every once in a while we see a
hint that this really can't be done. And they say,
however, it can be partly validated, whatever that neans.

And again, this gets into the whole concept of what it
means and how di fferent people interpret the term nology.

This nmorning, we heard basically it's a gray
scale, that there's a continued gradation of degrees of
val i dati on because you define the termto nean confidence.

I think the term validation and the concept of nodel
val idation to nost people, to scientists and to the

public, is a yes, no, statistics. You validated it or
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it's not valid.

If we | ook again on Figure 21 fromthis
particular report, | found it interesting an illustration
of the validation tests show four particular tests, and he
descri bes the criteria, you know, expecting the validation
to be successful if the data lie within the 95 per cent
error cal cul ated by the nodel. And then two of the four
tests, the observations lie outside the 95 per cent
confidence interval. And so the inplication nade in the
report is not that this invalidates the nodel. The

inplication is that we've only partly validated it.

Well, | just--you know, | just don't buy that.
It just seens--1 don't understand why you're so hung up on
using validation. | have my suspicions. But | think the

whol e concept of nodel validation as you're using it is
i nvalid.

SAGUES: Since this is a roundtable discussion, we'l
for the tine being, we'll |imt the discussion to a
roundtable. | guess Linda Lehman has sonething to say at
this nonment.

LEHMAN:  Yes, Linda Lehman, Nevada. Lenny, | think a
| ot of this goes way back to the days of early NRC
regul atory devel opnent when in Part 60, we were | ooking
for sonme assurance that the nodels were at |ease

consi stent and correct.
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However, over tine, and after being involved with
t he | NTRAVAL process for six years, |'ve kind of conme to
the conclusion that | don't think it can be done. And
sone of the experience in |INTRAVAL, for exanple with Yucca
Mount ai n, we actually had a Yucca Mountain test case, and
in that test case, nost of the participants used one
di mensi onal matrix flow nodel. | used a two di nensi onal
fracture fl ow nodel, and our challenge was to predict
saturations in a deep borehol e based on sone shal | ow
bor ehol e dat a.

Wel |, some of the nodels predicted part of the
curve better than others, and for exanple, maybe m ne
predi cted the upper part of the curve best, and the matrix
flow ones predicted the | ower part of the curve. Well,
then the | NTRAVAL went through this whole process to try
to figure out which one was better, and they couldn't do
it.

Yet while we could all do a reasonable job in
mat chi ng the saturations, the velocities were really,

really different. W would get velocities which ranged--

or flux rates, | guess we were |ooking at, from.O0l
mllimeters per year to 7 or 8 mllinmeters per year, and
still match fairly well the saturations. So that led nme

to conclude that we have to | ook at nore paraneters when

we are trying to, as | say, validate.
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Now, what |'ve conme up with is that we can't
val i date, but that we can build confidence, and the way to
do it is sonewhat different | think than the validation
approach that was presented today, you know, confirmn ng
that the nodels are nunerically correct, and assuring the
data inputs are okay. | think it's something nore basic
than that, and it's something that Bo did in his nodels,
basically used all the data sets that are avail able.

For exanple, I'"'mgoing to use the exanple of the
saturated zone. | have devel oped a fracture flow nodel,
whereas up until recently, everyone was working wth
basically matrix flow nodels. | was able to match
tenperature and pressure at the water table surface.

The Department of Energy has only tried to match
potentionmetric surface, and you can match that
potentionmetric surface in a whole | ot of ways, but you
can't match the potentionetric surface and the tenperature

profiles as nmany ways.

So, to ne, the key word is lets constrain the
results. We have solution; we need to constrain it. So
l et's go about constraining it in the best way that we
can. And we have other data sets we can use. W have

vertical head distributions which aren't being used. W
have tenperature and we have chem stry.

And | think as a first step in building
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confidence in the nodel, and true we can't extrapolate it,
but at least if we could get some confidence that the
under |l ying concepts are correct through matching these
ot her data sets, then | think that goes a long way in
assuring the public that we have sonething that we can go
Wit h.

PARI ZEK: Pari zek, Board. The unsaturated zone study
is somewhat unique in ternms of the effort that's gone into
that. So of the data sets, what else could you have? |
nmean, here you had the perched water. You had vari ous gas
conpositions. There was the age dates of the water, and
so on. It's kind of unique to have that nuch to work
Wit h.

What was not nmentioned is really like the vein
devel opnent, cenent materials in the nmountain, which over
the | ong geol ogi cal periods of tinme, say, well how nuch
wat er woul d have to go in there, sonme of the U S.

Geol ogi cal Survey work that's saying over the years, you
have to have this much mass of water to deposit those
m ner al s.

So it's sort of like an analog for the npdels.
You know, if the nodels are not way off because of the
geol ogi cal observati ons you make, you feel good. So I'd
keep asking, well, where is the anal og support? That

gi ves you sone ot her way of underpinning the concept.
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It's sort of like what Zel Peterman did at the Beatty
nmeeting for your discussion. You had a suggestion of the

pattern of flow, and the mass of geochem stry data, such

as it exists, good or bad, supports it. It doesn't argue
against it. So that's another |ine of evidence, and so
on.

So we need to have for a conplex systemlike this
as many different observations as you could make fromthe
different disciplines that help support and help build
confidence in the conceptual nodel that you've got.

That's probably as good as you're going to be able to do.

And then that brings up the audit or the post-
audit things, Lenny, which you could probably comrent on
as to how good are we on audits. But that's really
observations you make after you make a prediction, after
you do sone engi neering decisions, to see if it's
perform ng |ike you' ve predicted.

And maybe the best chance for Yucca Mountain is
to begin putting wastes underground with the idea you're
goi ng to be nmaking observations while you do that to see
if everything is working, and you don't close the door,
and the | onger the door stays open, the nore chance we
have to get those observations, which is not really--it
can be m sunderstood. The public m ght say that's because

you guys really don't know anyt hi ng about the nmountain, or
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you don't ever intend to take the waste out of the
nmountain. We don't trust you.

Where on the other hand, we say no, we want to
ventilate it, we want to keep it cool, leave it there, but
if you find out there's something wong with it based on
t he actual observation of howthis thing is performng,
you have to trust us to do sonmething about in a reasonable
time period rather than slamm ng the door two days | ater
and say we can't touch it ever again.

So this idea of a post-decision audit is sort of
li ke that, and for Yucca Mountain for 10,000 years, what
ki nd of audits could we conduct, you know, is always the
concern the public would have. But maybe sonme comments on
audits and how good they are or how bad they are, just
froma physical flow or chem cal transport nodels would
give us a sense of where you're comng from

KONl KOW  Koni kow. 1've conducted a nunmber of post-
audits, and what these are basically is | ooking at the
true predictive accuracy of determ nistic groundwater
nodel s of various types. And what | mean by true
predi ctive accuracy is that we' ve gone in years after the
predi ctions were nade to see what the outcone is, and |'ve
publ i shed a nunmber of papers on this, and in general, for
nodel s that were very well calibrated for periods ranging

fromten years to forty years, naking predictions of
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several to ten or twenty years into the future now that
the determ nistic nodels have been around for a nunmber of
years, we go back in and see how good the accuracy was.

And in general, the predictive accuracy was
pretty poor, not very good. It was variable and there
were a nunber of reasons. Sone of the reasons were, and |
think a I ot of the reasons have transfer value to the
Yucca Mountain situation, sone of the reasons were that
the predictions of future stresses were not very accurate.

Sone of the problens were that single predictions were
made rat her than evaluating a range of uncertainty in the
input. And that's a m stake that we tend not to nake any
nor e.

So in a sense, the prediction that was nmade
really should have had confidence bounds around it and it
didn"t. And so one of the interesting things, we'd go
back and see what those error bands would | ook |ike, and
see if the predictive outconme really fell within that or
not. But just |ooking at the actual prediction and
conparing it to the observed, there are very significant
errors. And so at least in sone of the cases, | would
predict it would have been outside the confidence
i nterval s.

Ot her reasons were that there were conceptual

errors in the nodel, and of course ot her reasons were
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there were errors in the paraneters, in the estinmates of
paranmeters, that on a short-term prediction and during the
calibration, did not show up, or the match was not
sensitive for the calibration period or the history match,
or as was nentioned, conpensating errors were built into
t he parameters. That doesn't show up until you nmake a
| onger term prediction and see what's goi ng on.

Anot her possibility, and I think this was true in
sone cases, that the conceptual nodel was weak, and it may
have been okay for the history matching phase, but then
when you got into prediction under either a different set
of stresses or a longer tinme period, that conceptual nodel
just was no | onger applicable.

In sone cases, it was as sinple as using a two
di nensi onal nodel when they should have been using a three
di mensi onal nodel. So the record really isn't that good,
and this is for periods of, you know, predictions on the
orders of years to maybe decades, and we're tal king about
10, 000 years, and this raises concerns. And, again, it
gets to, you know, when you say the nodel is validated,
what does that inply in ternms of |long-term predictive
accuracy. Because even in the performance assessnent
framework, in this probabilistic framework, you're still
usi ng these underlying determ nistic nodels to make the

predi ctions.
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SAGUES: Very good. Applegate, and Tsang.

TSANG. Tsang. | think a lot of the issues that has
been nentioned have been considered in the nuclear waste
community in the process of worrying about validation.

One very good exanple which | very nuch
recommended is the SKI '94 Report that's published by SKi
in 1997. It is the SKI's performance assessnent exercise
in which they |ook very carefully at all the FEPs,
features, events and processes, and get the experts to
have an elicitation of the events, and what they cal
process inportance inpact diagram

| have two viewgraphs. Should I show that to you
to show the results? And it has a very good di scussi on of
uncertainties and errors and rel ationships, so | think
that is a report everyone should read.

This is one exanple in which they | ook at the

conceptual nodels of different fracture rocks. So the
three groups at varied--different conceptual nodels. And
then they try to get the results and errors involved. And
this is a picture | think that's quite interesting.
Taki ng a nodel |ike Lenny was saying, all the predictions
must have an uncertainty range, and | think that's a very
i nportant quality.

Thi nk of prediction as--you have eval uate how

much confidence you have. This uncertainty range is
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different from how confident you are of the results.

When you have a big uncertainty range, you have a
hi gh confidence it's within the flow, porosity, within
zero and--well, it should be between zero and--nuch
i nprovenment in your range. Again, you have confidence.

So | think the range, the uncertainty range and confi dence
are two different objects.

Here, they use three different nodels, which are
conpletely different, discrete fractures, stochastic
conti nuum and sinple nodels. And the range of errors is
quite different, and so they | ook at the whole thing to do
this kind of performance assessnent.

So | think we're addressing sone of your
concerns. And, of course, the question of--is also
i nport ant.

APPLEGATE: |I'mvery glad this issue of post-audits
and nonitoring has conme up, because they seem absol utely
critical to the notion of validation.

But they al so point out what | think is the
single difference between, and this has been tal ked about
a bit over the last two days, between the |icense
application, the LA, and the actual decision by the
Presi dent about site suitability. And essentially, the
difference being that the LA is a regulatory decision and

we've got to recognize that the other, the SR, | guess, is
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a political decision.

And whereas, | think the nmonitoring has to be
absolutely a fundanental part of a |icense application and
shoul d be recogni zed as part of validation, it's of
virtually no use in ternms of the political decision.

And the only thing I"mgoing to try to equate
this in with the, since we've been using airplane
anal ogi es here, froma political standpoint, assum ng that
we' ve deci ded the SR woul d be deciding that we're going to
get on this airplane, the notion that nonitoring was of
any value froma political standpoint would be that there
wer e i ndeed parachutes on this plane. However, the
situation being that nobody has ever used them and nobody
has any confi dence that they really would work, and that
the politicians certainly would feel that once you put
sonething in the ground, it's not com ng back out, and

that's been universal in these types of situations.

El SENBERG. Ei senberg fromNRC. |'d like to respond
to Konikow. | want to make sure we don't get all wapped
up in a semantic argunment. Fromthe negativist point of

view of scientific theory, validation is not possible.

All scientific know edge is tentative, subject to the next
experiment, which could overthrow all the principles that
everybody has agreed to up until that point.

However, fromthe positivist point of view,
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confidence in the nodels is raised by a variety of testing
activities, some of which have been di scussed today. W
have to remenber | think that the purpose of this whole
programis not to nmake progress in science. W may have
to do so in order to get where we need to go, but the
pur pose of the programis to nmake an inportant nati onal
decision. And fromthat point of view, it's appropriate
to use these positivist techniques, these confidence
buil ding activities, and the fact that this community has
chosen to sonetinmes call them validation activities |
think is not such a bad thing.

| should nmention that nunber one in this Wite
Paper on nodel validation produced jointly by NRC and SKI
we do say that the terms confidence building and
val i dation are used interchangeably. [|'msure that's not
acceptable in some circles, but they are--1 think what is
i ntended is confidence building in a strict semantic
sense.

And al so, the scientific comunity, | was at a
nmeeting of the GEOTRAP study in June, and one of the
conclusions is is that the whole international community
concerns with waste managenent has conme to the realization
t hat perhaps confidence building is a nore appropriate
termand is a nore appropriate goal for these prograns.

NEWMAN: Can | say a word about that in the context
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of the waste package? | think it was deci ded a nunmber of
years ago in several countries, and I'mnot sure if the U
S. really cones into this category or not, but that you
never had any chance of validating a nodel that was
associated with the initiation of extrenely rare corrosion
events, such as pits. | use the word rare sinply in a
geonetrical sense. That is there are ten to the nine
axi oms on every square neter and any one of theminitiates
a pit each year. So that's one in every ten to the 27
axi oms per second initiates a corrosion event.

And | think those of us who thought about that
really don't have any desire to get involved in validating
nodel s |ike that, although we recognize that if you want
to answer questions |ike how many holes is it going to be
in the container after 1,000 years, you m ght have to get
into that.

But since you' ve made this decision to use this
very expensive material, that means you have the
opportunity to have another much sinpler kind of
val idation, which is sinply to show that even if
corrosion--even if you force the corrosion to start, it
will in fact stop. And that's a much easier kind of--or
what | call an arrest criterion is a nuch easier kind of
approach fromthe point of view of prediction and can be

val i dated nuch nore easily, because it essentially
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converts what is a classically stochastic kind of problem
that of | ocalized corrosion, into a determ nistic one.
Nanely, if you're lucky, you'll show that under all the
conditions that are relevant to your repository, even if
you force the corrosion to start by tenporarily increasing
the tenmperature or the chloride or sonething, when you
bring the conditions back to the real conditions, it wll
st op.

I think that's the only--just speaking fromthe
wast e package corrosion, that's actually the only kind of
nodel that you have any chance of validating, is an arrest
nodel . Now, you m ght be unlucky. You m ght find that
under some of the conditions that you've got, if you do
that, the crevices will carry on corroding under a
condition that you can inagine existing in the repository.

Then you have to go back to an initiation type
phi |l osophy. And good | uck.
ORESKES: | wanted to make a point about the issue of
the scientific know edge and validation in a sort of
| arger schene of things.

It seens to nme that what we're involved in here
is quite different actually from what goes on in science
generally, or what has historically gone on in science,
which is that we're trying to make a deci sion here by a

certain date, and it's extrenely admrable in the history
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of science for scientists to have a date that they have to
solve a problemby. And so there's a kind of anomaly
about this that I think we shouldn't gloss over, and it's
not to say that that's a bad thing. | nean, it may be
perfectly legitimate froma social and political point of
view to say we have a problem and we want to do the best
we can with the avail abl e know edge.

But that's really different than a situation in
whi ch over the course of tine, a scientific community
cones to a consensus about an intell ectual question, and I
think it's really different in a way that | think it's
i nportant for this Board to, | hope, to think about. |
hope that you'll think about it. Wiich is that it seens
to me that one of the things that we know al nost certainly
in this sea of uncertainty about nuclear waste is that
there will be significant changes in scientific know edge
and technical capacity in the course of the next 10,000
years. | think that's, as a historian, one of the few
things that I would feel safe about predicting about the
future.

I nmean, if it passes any kind of guide at all, we
can expect even 100 years from now, nmuch | ess a thousand
or 10,000, we will hopefully know so nmuch nore about so
many of these questions. So that's where |I'm an optim st

about scientific know edge. And | think that the really--
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one of the really inportant things about that insight is
t hat we have the capacity to make future nodifications and
adj ustments through nmonitoring, and to nake i nprovenents
as we learn nore about this problemin the future.

What worries me about the | anguage of validation
or even confidence is that to ne it doesn't seemto invite
a kind of deep appreciation of the fact that this
possibility for inprovenent could take place in the
future. And I'mnot tal king so nuch about anong
scientists, because |I think anmong the scientific
community, we all do science or we're involved in science
because we have the hope of inproved know edge in the
future. But |I'mthinking nore about when this gets
transmtted into a political arena.

It seens to nme very inportant for the Departnent
of Energy and for this Board to, when the site
recommendat i on goes forward, to do it in such a way that
rem nds the political community that there is a future
task ahead that involves |earning, nonitoring and
nodi fi cation, and that that future task of nonitoring and
nodi fication is every bit as inmportant, if not nore
i nportant, than the work that we've done to date.

And | know that this is sonething that people in
this room know, and | don't nmean to inply by any stretch

of the imagination that people here don't know this, but
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when people tal k about validation and when they tal k about
valid nmodels, | think to nost people outside of this room
as many have said, | think nost people think that neans
t hat we know what's going on. And so | would just really
like to strongly say that | think the | anguage that we use
is terribly inmportant in terns of the nessage that we
convey about what happens, not just in OO but in 50 and
100 and 200 and 500, and that that's part of what | think
the issue is that we're facing here now

LEHMAN: Linda Lehman, Nevada. | think a |ot of the
probl em has to do with expectations. | think there are a
| ot of differing expectations on the word validation or
confidence building. For exanple, | think the public when
they want to see the results of a performance assessnent,
yi el ds a dose, they want to be sure that that dose is
| ower than sonme standard.

I think some of us nodelers have done a | ot of
nodel i ng. Qur expectation is, well, | don't have a |ot
of confidence in this result, but if |I've done a |ot of
testing and a | ot of conparisons, a |lot of calibrations
like Bo has, well, then | have a little nore confidence
t hat maybe ny nodel is better. But | wouldn't be willing
to stake nmy life on it.

Maybe some ot her program participants have a

hi gher expectation of what they're going to get out of it.
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I think basically what the programis using it for is a

deci si on docunment or a nunmber to make sone deci sion on.
And | think these differing expectations, especially |ike
you say, the reaction to the word valid nmeans that it's
real and it is very real to the nmenbers of the public, but
maybe to Normor Tim McCarten, it's not a real nunber, but
it's a realization

So | think that needs to be conveyed.

KONI KOW  Koni kow, USGS. 1'd like to agree with
Linda and with Naom , and | think, contrary to what
Ei senberg said, | would argue that it is nore than a
semantic issue, that there are some real substantive
i ssues here, scientific and ot herw se.

I'"d like to reiterate what Naom said, is that
the termvalid has a certain nmeaning to nost of the
public, and it carries with it an aura of correctness that
I think nost nodelers would agree is not really there.

And | think one of the ways, one way to look at this in
terms of what's the inplications, why is this a problem
straying a little bit from science, | would recogni ze or
just, you know, state that, naybe you're not aware of it,
but DOE does have a little bit of an inmage problem In
all circles, DOE does not have the greatest reputation for
bei ng strai ghtforward and honest and reliable. And,

mean, | trust you, but not everybody does.
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So the problemwith this focus, and really today
har pi ng on nodel validation, what concerns ne is that
you're not using the sanme definition that everyone el se
is. And, you know, if I think back to reading Alice in
Wwonder | and, you know, the Red Queen, | believe it was,
deci ded that ternms would nmean whatever she neant it to
mean, whenever she used them and it wasn't necessary and
she could change the neaning at will. Well, you know, she
cane off as being silly, and as bei ng nonsense.

Very recently, there's a widely publicized case
in which a fanous worl d | eader made sone statenments about
his personal |ife based on a definition of a termthat was
very different from what the public took as the neaning
for that term And the consequence of that is that he
canme off being perceived as di shonest.

And what | see here in DOE, with a high level rad
wast e community, continuing to harp on nodel validation is
that you're going to cone off as being either silly or
just dishonest by inmplying an aura of correctness to the
nodel s and reliability to the nodels that is just not
t here.

One of the real dangers of that, when these
things go to court, which is a distinct possibility, you
are openi ng yourself up to attack on the issue of

val idation. You are opening yourself up to attack on is



483
this nodel really valid? You said it was valid. 1Is it
really valid? And you're going to get mred down in al
ki nds of critiques on how valid that nodel is and whether
or not it's really validated, what it means, and you're
going to say, well, we didn't nean that as a valid nodel

We neant there was confidence. W have confidence in the
nodel .

Well, if you have confidence in the nodel and
that's what you nean, why don't you say that? If you nean
t he nodel has been well calibrated, don't say it's been
validated. Say it's been well calibrated.

What are you trying to gain or who are you trying
to inpress or what are you trying to prove by saying it's
val i dat ed when you've defined this to mean sonet hi ng
di fferent than what everyone el se seens to think that this
term nmeans. |'mnot sure what your goal is in continuing
to use this termvalidation that means different things.
And when you get to the political decisions and you
explain to the politicians that our analyses are based on
valid nmodels, are you going to clearly tell them what you
mean by valid, or are you just going to say these nodels
have all been validated? Are they going to know what you
mean when you say that it's all based on valid nodel s?

When you're going to get challenged in court on

t hese things, what it's going to do, anong other things,
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is divert attention away fromthe true substantive issues
and how good the nodels are and how good the predictions
are, and you're going to get mred down in nonsense. But
it's going to make you | ook bad.

SAGUES: | made a note here to maybe ask Dr. Andrews
in a mnute, since he did present a couple of definitions
of validation on the transparencies, and it | ooks to nme
li ke we are discussion quite a bit the neaning of a word,
and maybe we're wanting--many of the itens that you
menti oned presumably woul d be solved with an adequate
definition.

KONl KOW  Not if that definition is different from
how peopl e perceive it.

SAGUES: O maybe a different definition. But
per haps what I'mgoing to do is | would like to invite Dr.
Andrews to perhaps address sonme of those issues, and then
anyone else if you have sonme comments.

ANDREWS: Okay, thank you. | think we have to be
careful. That word probably neans different things to
different people. | bet everybody in this room would cone
up with a different definition of the word validity. |If
one said it was a reasonabl e representati on because it is
a nodel that we're talking about, it's not a reality per
se, we will never test every square centineter of the

rock, or every square mllineter of every package that nmay
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be made, so you have to have an approximation, i.e. a
nodel that represents as close as you can to "reality.”

As Lenny pointed out, there's a nunber in
hi storically nmodels based on limted information that
per haps when actually stressed, didn't explain exactly,
however you want to define exactly, the assessnment of
contam nant migration, or whatever aspects he was | ooking
at. | nmean, it was water, not contam nants. It was oil,
not water or contam nants. A |ot of assessnents, a |ot of
nodel s of all of those processes are created.

So | think if we say it's the reasonabl eness and
t he reasonabl eness is, | think Linda had a very good
observation of the nore independent |ines of evidence that
one can bring to bear on that particular process as it is
i mpl emented for the intended purpose of making an
assessnment, a prediction, if you will, of future behavior,
t he nore independent |ines of evidence that can be brought
to bear so it's not just potential measurenents, it's
tenmperatures and chenmi stries, et cetera, the closer, the
better chance you have of it being a reasonable
representation.

Is it unique? Probably not. And the non-
uni queness of those nodels are addressed. They have to be
addressed to eval uate these key decisions. And | would

argue that in science and engi neering, those key decisions



© 00 N o g A~ w N P

N NN N NN R R R R R R R R R R
aa A W N P O © 00 N oo 0o~ w N+, O

486
happen all the tine, and in |ots of cases, they are driven
by a schedule. Building a damor putting up a power plant
or putting up a bridge across a road, they're driving by
in some cases schedul es, and they are based on scientific
observations and nodels in many cases.

So can they be inproved? Yes. WII| they be
i nproved? Assum ng the project goes forward, yes. |
mean, the inprovenents in each of these aspects of science
are to be expected. There's plans in place for those.
Are they valid in the traditional sense of the word?
Probably not. But are they adequate for the intended
pur poses? Probably so, with the uncertainty hopefully
captured in a reasonable fashion.

So the decision makers who have to nake deci sions
know what the uncertainty in certain of these aspects are.

ORESKES: Can | asked a question, though? Then why
don't you just say that the nodel has been tested and
found to be adequate for the avail able purpose? | nean--

ANDREWS: We probably will.

ORESKES: Well, no, but I was |listening today and |
was asking nyself the question when people use the word
val i dated, could you substitute the word tested? Could
you say--1 nmean, in every single case, it seenmed to ne
that you could, and then that raised to me the question of

why you didn't say that. Because it seens to nme that
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using the word tested would have a much nore transparent
meani ng to nost people in the scientific comunity and in
t he general public.

ANDREWS: The TRB wanted this di scussion of
val i dati on.

El SENBERG. Can | just junmp in for just a second?
Most of the nodels will not be tested in a direct fashion
over the time periods and spacial scales of interest.

ORESKES: But they're not being validated over the
time scales and spacial scal es either.

El SENBERG. Absol utely not.

ORESKES: | nean, all tests are partial tests; right?
We al ways test pieces of things. W can never test the
whole thing. But it seenms to me that what you're doing
are tests, and | think that--1 don't think there's anyone
in this roomwho would inply that the tests that have been
done aren't good tests, or there hasn't been a | ot of good
wor k done to support these nodels. | think it's very
clear fromthe presentations there's been a trenmendous
anmount of really good work. But the question is what you
take away fromthat work and how you present it, and |
think those are the issues that people outside DOE are
concer ned about .

SAGUES: Debra has some questions, and then | would

like to steer the conversation after your comments into
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sonet hing perhaps a little nore concrete.

RUNNELLS: Somet hing Naom said triggered this, and
that is the schedule driven science. In my academc life
in 30 years or so, the schedule is not nearly as inportant
as it is now, when we have schedul ed deadl i nes we have to
neet. We think we do pretty good science and engi neeri ng.

We still have to neet those deadlines.

Now, the work--when | say we, the work that | do
that we--that my group does is simlar in some ways to
Yucca Mountain. We deal mainly with mnes, and mainly
with mnes in Nevada. Those m nes have the potential to
do a couple of things. One is to seriously alter the
hydrol ogic regime. These are |arge open pit mnes. And
t hey have a very great potential to contam nate
groundwater with metals primarily.

We use the sane nodels, the sane sorts of nodels
we' ve heard described here today for hydrol ogy and for
geochem stry. But there's a profound difference, and
sitting here, | finally identified the difference between
what we're tal king about with nuclear waste and what | do
every day with other contam nants in a simlar
envi ronnent, and that difference is that we recognize the
i npossibility of predicting some of these things. W and
the regulators with whom we deal, the Bureau of Land

Managenment, the Forest Service, the state regulators,
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recogni ze that we cannot predict and we all admt it, we
cannot predict the chem stry of a pit |ake in an abandoned
m ne 2000 or 3000 or 4000 years from now

We cannot predict adequately the inpact on the
groundwat er regime of an open pit mne a mle long with
all of the conplications that go into that fault, even so
on and so forth, with the recharge of water. As a result,
we have a contingency plan. We will predict as best we
can what will happen on a short tine scale. For that, |
nmean | ess than 100 years, and nore generally, ten years.
And what if we're wong? Everybody has to understand that
we may be wrong, even on a tinme scale of ten years.

I won't call it an agreenment, but the
under st andi ng that has devel oped is that we will cover
that with intensive nonitoring, exactly what you said,
Naom , al so about the nonitoring. Having recognized the
i npossibility of predicting 5000 years into the future the
chem stry of a lake, we will nonitor the chem stry of that
| ake, and if we see it deviating fromour predictions, and
this is I think also different than Yucca Muntain, we
have a contingency pl an.

What if it deviates, what if sonething goes
wrong? What if instead of the water being good quality
and supporting wild life, suppose it's |oaded wth

arsenic, then what will be do? And the regulatory
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agencies with whom we work require two things. They
require the nonitoring plan, and they require the
contingency plan, so that if sonmething goes wong, we have
sone backup pl an.

Now, sitting and |listening now for a year or so
to discussions of Yucca Mountain, |I'mnot sure that we
have a backup plan. |1'mnot sure we have the second half
of the activity of the agreenment, or the understanding
that allows a very difficult scientific problemto be
accepted by regulators, the scientific problem being
contam nati on of groundwater in a water poor state,

Nevada, and hydrologic nmodelling that's difficult to do.

So | would--1 don't have an answer. |'m not even
sure | have a question, other than isn't there sone
contingency plan that could be discussed, outlined such
that the public and the regul ators have sone |evel of
confort that if the predictions are wong, that positive
action can be taken.

The retrievability, |I've heard that nentioned
occasionally, retrievability is a sort of contingency
plan. But | don't often hear that, if ever, discussed in
our discussions recently about Yucca Mountain. But in
this other world, that contingency plan is absolutely
requi red, because we recognize the weakness of the

predi ctive nodelling period.
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SAGUES: Okay, a very inportant observation. Now, if
we could continue in this vein, especially with this new
area you just nmentioned, Don, but | would like to at |east
for alittle bit to go to perhaps nore specific issues.

I think that this my be a good tinme, and sone of
you nmay have quite a bit to say. Today we heard an
exanmpl e of a nodel prediction that nmay have a great inpact
on what may be expected to happen in the nountain. W
heard that a 1000 mlIlineter per year percolation fl ux
threshold for seeping. Now, granted, that that was
presented as a prelimnary type of observation, but
certainly the kind of things that nodels, if validated,
woul d change very nuch the way in which we would | ook at
t he nount ai n.

Do we have here within the panel any specific
comment s about that kind of nunber? Maybe sone nmenbers of
t he panel may have sonething nore to say.

PARI ZEK: Parizek, Board. When there was a coment
earlier in the afternoon, there was a question that didn't
get asked, and it really could have been directed toward
Bo, and | think he's since left, but--

SAGUES: He's right there.

PARI ZEK: Good. Earlier, in fact, we asked earlier
about the shape of the tunnel, and the idea, as an

example, if it's a perfectly round little tunnel, maybe
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the water will weep down the sides and there will never
been drips, even though water enters the tunnel.

On the other hand, if you have an irregul ar
tunnel, because its roof collapsed, and so on, then maybe
wat er has a tendency to want to hang up in the
irregularities in the roof, and it will drip.

So here's a case where no matter how good the
nodel s were, unless you know whether it will drip or not,
and what conditions may give rise to drips, maybe that
1000 mllinmeter nunber has some limts to it, because of
t he special condition of the shape of the tunnel, because
it's dynam cally changing in tinme.

So, Bo, do we have anything specific about tunnel
shape and stability? And if you start rattling the roof
down and you have, you know, ragged roofs, will water hang
up and want to cone in on your head, versus a round
tunnel ?

BODVARSSON: Bo Bodvarsson, M&O. Your question is a
very good one. W started seepage testing two years ago,
so it's a very young program and a very inportant program

As a part of that, we identified several things that need
to be looked at. One is certainly the approximation of a
conti nuum nodel for a discrete fractured site, and that's
one thing we want to do, is to evaluate the results froma

di screte fracture nodel.
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The other thing is the size of the opening, and
t he changes in the size and shape of the opening. The
size and shape of the opening, Chin-Fu Tsang, which is
right there, is doing the PA seepage nodel for Bob
Andrews, and as a part of that work scope, is to change
t he shape of the tunnel based on an AVMR that cones from
the EPS that tells us how they think the shape is going to
change.

In addition to that, we want to do | aboratory
studi es where we can actually control the shape of the
openi ng, which is nuch easier to do than to drill a square
ni che, which is not easy to do. So we are addressing that
I ssue.

Prelimnary results that Chin-Fu and his co-
wor kers have gotten, and they can explain it later in
detail, based on what they' ve gotten so far, we don't see
a |lot of difference between those exanples and the regul ar
smooth niche. But that's subject to verification.

Finally, since | have to go, | want to make--can
I make a couple of coments?

| really agree with all of what has been said in
terms of the validation should not be used for our nodels.

And | couldn't agree nore with that because | think it's
al ways going to get us in trouble, and we don't need to

use it, unless NRC tells us we have to use it, and then
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" mgoing to back off. But if we have a choice and we can
say confidence building in the nodel, and we can do the
sane thing with it this afternoon, show the public al
these different data sets independently, | think we'll
give thema warm and fuzzy feeling. So perhaps we don't
need to use that word.

And | think the main argunent has been over that
word rather than the approaches, and you correct nme if |I'm
wrong. So that's all | wanted to say. Thanks.

SAGUES: Very good.

TSANG. Maybe let nme add a few nore words about
seepage nodelling. W look at a calibration nodel, we
| ook at the paraneters very carefully, because the field
experiment, you have a |ot of trenching effect, which is
probably not needed in the PA nodel, and also it has a
poi nt source. And so we take those into account.

We | ook at the shape dependence quite carefully,
especially the nmechanidate plat, and | review over the
cal cul ations for the mechani cal degradati on, changing
perneability and rock fault, some of the work done by the
di sturbed zone group. It's quite interesting. The keep
| ock theory was used to make the cal culation on the one
hand, which showed the rock fault occurs sonmething |ike
once every hundred neters, of that order.

In that case, you only need to worry about one
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rock fault at the same tinme, and the cavity, a hole there
does not create extra accunul ati on of nmoisture. So it
does not affect the results very nmuch

Then the other way is to do a redax cal cul ation
where the fracture opens. So we're |ooking at that very
carefully. It turns out that in many cases the verti cal
fractures get closed, and the tangential fracture opens
nore in many cases, in which case actually it's better for
seepage. That nmeans that there's a better chance for it
to go around the drift. So all these are being eval uated

and we try to look at the uncertainty range, and that kind

of thing.

Now, just for the--many were aski ng what nodel
has been invalidated earlier. | was just thinking in
ternms of seepage nodel, | can say we have invalidated John
Phillips nodel, we have invalidated Calvin's relationship,

and we' ve probably invalidated hydrol ogy. Let ne explain.

Nunmber one, John Phillips nodel, as you know, he
publ i shed a | ot of papers on underground cavity seeping
into it, and he mainly--we show that using his nodel, the
estimate for seepage is two orders of magnitude. The
reason i s quite sinple, because he used honobgeneous fl ow,
and whereas if you | ook at the heterogeneous flow, there
is a channelling effect that what is nore likely to

accunmul ate, and the result is two orders of magnitude
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difference, which if you |l ook at niche test, certain--does
not wor K.

The second one, Calvin's relationship mainly says
that you have a ventilated drift. The ventilation causes
a big suction fromthe rock, and this suction is huge,
capillary suction because of ventilation. And the niche
test says no, it is a capillary barrier with suction,
probably because of |low-effect. So we have to use a
capillary barrier concept.

And then why does the hydrol ogy doesn't work is
because you have to worry about hydromechani cal effect.
Once you have exurbation, the Joe Lenz neasurenents show
that the perneability increases by two orders of magnitude
on the average, and that turns out we have to take that
into account, and that also is the reason the al pha val ue,
t he van Genuchten al pha value is different by a factor of
100, two orders of magnitude.

So there is a difference between regional al pha
and the niche scale al pha, but the niche scale alpha is
what is controlling seepage. So we did try to invalidate
sonething like this.

SAGUES: Let me make a comment. Again, the validity
of this kind of nodel, since we are not taking into
consideration the fact that that rock is going to be

heated to a fairly high tenperature for hundreds if not
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t housands of years, wouldn't that throw just about any
nodel ling effort just out the w ndow?

TSANG. We did look into the thermal problem and I'm
interested in coupled thermal hydromechanical. It turns
out the thermal problemat the current plan, you will dry
up the near rock, the near field within, say, half a
meter, it would dry up.

In that case, as far as water flow goes, is that
shoul d get better, because the--goes down, the fracture
perneability goes down, and the water is harder to flow
into the rock. It tends to go around. And then if you
| ook at thernohydrological a bit nore, away fromthe
ni che, about five neters away, there is what's call ed
reflux zone, boiling and condensati on and evaporati on.
There, that could be the silica deposit deposition and the
perneability would go down. And that is like a shield.

But this is just rough discussion right now. W
are |l ooking at the THC cal cul ation, thernohydrocheni cal
cal cul ation, | ooking at the inpact. So we are |ooking at
t he problem and hopefully we'll have sone results this
time next year.

LEHMAN:  Yes. Chin-Fu, | don't know if you saw this
presentation, but Dr. Parizek and | were at an NRC
techni cal exchange a few nonths back in San Antoni o, and

there was a woman, | believe her name was Deborah Houston
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who | ooked at the shape of the tunnel and what she did
i nstead of using a smooth tunnel surface, she actually
used a sine function across the top. And so by varying
the sine function, she felt that she was getting three
orders of magnitude nore infiltration with that type of
shape, which she thought could be expected over tinme, than
with the smooth wall.

So | don't know if you're aware of that work or

if it's a disconnect, but it would be interesting to

resol ve.

TSANG 1'd be interested to | ook at that and resolve
t hat .

SAGUES: Taki ng advantage of this. | would like to

take the conversation over a little bit to materials
performance issues, and | wanted to express sonething that
I have nentioned before, one of ny main concerns, but it
has to do a little bit with what Dave indicated earlier.
And that is the fact that we are not only having to deal
with a nodel that may or nmay not be appropriate, to use a
different word this tinme, but rather, it's that that nodel
has to be appropriate over an extrenely small time frame.
In the case of materials performance, we have--or
specifically corrosion--we have two i ssues. One could
di vide the programinto two issues. |ssue Nunber One is

is there any viciously fast node of corrosion that wll
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create a problemin a very short tine?

For exanple, pitting corrosion, crevice
corrosion, stress corrosion cracking, and the light. And
much of the effort until now has been devoted to
determ ning how li kely those fast nodes of deterioration
will be. And, indeed, Dr. Newran just suggested one
approach that is sonewhat different from what has been
used nost of the time in the project.

However, even after you solve that problem now
you have the question as to whether there's |ower forns of
corrosion, specifically, for exanple, passive dissolution
of the netal, are going to be the kind of things that one
can rely upon for extrenely long-termdurability. That
means that the system as we were discussing earlier today
has to survive at the rate of corrosion that is going to
be on the order of, say, one-tenth of a m croneter per
year for periods of time that will be at |east 10,000
years, but one would be nore confortable wi th perhaps
100, 000 years, because one wants to have the nedi um of the
di stri bution of danage safely away fromthe goal that one
wants to achi eve.

Now, we're going to be relying in this particular
repository on one concept, and that is the concept of
nmetal passivity to provide the material durability. We're

not relying on, for exanple, very slow active dissolution
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of the netal, as what would be happening if we have, say,
just plain steel environnment.

Here, we are dealing on the formation of a very
thin | ayer that barring these very fast nodes of
deterioration, is going to have to stay put, and chew ng
t hrough the nmetal very, very, very slow ng over a 10
mllennium if not 100 m |l ennium at |east.

Now, there is one problem and that is that this
passivity trick that we'll use enough for a whole bunch of
hi gh performance alloys, this has really been in use for
the protection of engineering materials for about 100
years. | would say the Twentieth Century in real
application. The phenonenon was known sone tine early in
the Nineteenth Century. But neverthel ess, we have here
basically 100 years of known performance, but we have 100
times 100 years of performance, but we really want perhaps
a 100,000 on the average, as | said before, so in here
with an extrapolation gap, if you will, there's going to
be an extrapol ati on gap of about three orders of nagnitude
of known performance.

And the question | would like to bring up right
now i s in how many instances do we have in the history of
science, the history of engineering, situations in which
we have had to extrapolate so far in advance beyond proven

engi neering, a ground tooth perfornmance. How about



© 00 N o g A~ w N P

N NN N NN R R R R R R R R R R
aa A W N P O © 00 N oo 0o~ w N+, O

501
Newt on' s Appl e and rockets to Mars?

SAGUES: Okay, explain that a little bit more. Okay,
what has extrapol ation got from Newton's Apply to rockets,
interplanetary travel? 1It's a distance extrapol ation.

TSANG. Well, it's really not ny field. But let nme
try to say sonmething. It is of course terribly inpressive
to me, Newton had the apple, found the gravity, and the
rocket theory reaction, and then you can send the rocket
to the nmoon, to Mars with terrible accuracy. | nean,
that's just totally amazing. And this nmeans that you
really have to get the basic physics and chem stry right.

And so that's the reason |I'mvery hesitant about
using calibrated nodels blindly. You need nodel
cal i bration, no question about that. And you need npdel
testing. But you need to understand the basic physics and
chem stry processes and get the nost up to date signs from
the scientific community. Then you can do the best job
you coul d about that. There's no other choice.

So then--and you cannot do better than that on
principle. So the question then is that so | define
val idation nore than just testing. Validation, you could
do testing, plus understanding the processes, plus
confidence building. So one can use those words.

But anyway, so | think the trick to the whole

thing is, innmy view, is how do you bring a maxinum state
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of knowl edge into this game. That is not so easy when you
consider it. But anyway, that is all | can say.

SAGUES: | guess the question is we'll do the best we
can. Of course the question is is the best good enough.

ORESKES: If | could just follow up? | think the
extrapol ation gap is enornous, and I don't think there are
any exanples in the history of science or engineering that
are conparable, and if anybody knows of any, then I'd |ove
to hear them And | think that's one of the chall enges
that we're facing here.

I think what we're trying to do here is
unprecedented, and that's one of the reasons why | think
it's terribly inmportant for us to think about how we
i ncorporate nechanisnms to bring the |latest state of the
art scientific know edge into the process, not just right
at this nonment, although it's obviously really inportant
ri ght now, but also continuing into the future. And I
think it does require some new strategies.

NEWMAN: W th regard to the particular thing that you
menti oned, once again, | think the way to look at it is to
try to speed it up in the beginning, and to try to create
what ever the unusual surface conditions are that you m ght
be able to anticipate in an accel erated manner, and then
relax the system back to the real surface conditions and

see if you' ve changed the way that it behaves in any way.
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For exanple, sone of these corrosion product
| ayers that you nentioned may be ion selective. They nay
have a nenbrane property. So they m ght let the chloride
ions in, but not be very good at letting the netal ions
out .

One can create such a layer in an accel erated
manner, and then examne its effects on the process.
That's indirect. 1'd have to explain in court how !l could
extrapol ate fromthat observation to a guaranteed i nmunity
of a nucl ear waste canister. But that's part of the
process | think of understanding, is that you have to have
i magi nati on and you have to be able to inmagine all the
things that could go wong, and if you' re not clever
enough, you might mss one. But if you can think of al
the scenarios in which this corrosion rate could gradually
speed up with time or could become unacceptable, | think
it's normally, at |east for these cases, possible to
simulate that in a short period of time, and then exam ne
what happens.

I just wanted to point out one thing, since I'm
only here for one day, and that's all passive filnms on
chrom um containing alloys are the sanme. You shouldn't
cone away with the idea that the passive filmon Alloy-22
is different or better than the passive filmon 304 or 316

st ai nl ess steel. [t isn't. It's the netal that's
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di fferent.

FARMER: | want to take exception to that. W' ve
done x-ray photom cron spectroscopy and depth, and the
filmactually is different on Alloy 22, dependi ng upon the
envi ronnent that you--the passive filmon Alloy 22 wl
change as you change its environment, and it is in fact
different than what you will typically see for something
like a 300 series stainless steel under simlar
condi ti ons.

NEWVAN:  What is the causal connection between the
conposition as neasured by x-ray photoel ectron
spectroscopy and performance?

FARMER: Well, let me pose a question to you. Wy
when you add nmol ybdenum to these nickel based all oys, as
you i ncrease nolybdenum why do you have a change in the
threshold potential. |If the alloy elements have no inpact
on passivity or the stability of the passive file, why
does that occur?

NEWMAN:  Well, that's a topic which has been
i ntensively debated in the small community of what | cal
academ c corrosion scientists over the last ten years or
so. So if you haven't been to those neetings, it would
take me too long really to go into it now | don't want
that to sound like a nasty comrent, but really that topic

has been debated intensively in the last ten years, and
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there are two school s--

FARMER: But what is the answer?

NEWMAN: The answer is that in certain cases, not in
this particular alloy, but for exanple in the case of 304
versus 316, it's been denonstrated quite conclusively that
the whole difference in corrosion performance can be
related to the propagation stability of small pit type
cavities, and not to sone difference in the supposed
quality of the outside film Now, | have not carried out
t hat - -

FARMER: But these are not--these films, if you | ook
at them structurally they're not just chrome oxide.

NEWMAN: They have other things in them but the--

FARMER: They're m xed fil ns.

NEWVMAN: | will just--well, this would be rather an
abstruse argunent if | was to go into too nmuch detail
But basically, the--

FARMER: What is the conposition of the passive film
on Alloy-22?

NEWVMAN:  Well, | don't really care because |I | ook at
the problem fromthe opposite perspective. That is, if I
get a certain elevation in properties as a result of
adding an alloy elenent, | exam ne whether | can explain
that elevation in properties, whether it's a breakdown

potential, or sonmething |like that, exclusively by
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exam ning the effects of that alloy elenent on the
di ssol uti on process, the corrosion process that occurs
inside the cavity, if | can explain that whol e el evation
in properties as a result of considering the dissolution
in the acid cavity solution, and | don't need to think
about what effect that alloying el enent m ght have had on
the film

And in the specific case of nolybdenum |1 believe
it's possible to show that irrespective of what
differences in conposition you m ght find, that that
passive filmis no nore or |ess protected than the passive
filmon even the cheapest stainless steel that you can
buy.

FARMER: Well, actually nol ybdenum oxi des are stable
at much nore pHs than chrom um oxi de.

NEWMAN:  Yes, exactly. That's where it exerts its
effect, is in the acid environment of the already
devel opi ng cavity.

FARMER: The sane is true for tungsten.

NEWMAN: Exactly. | wasn't really expecting that to

be a super-controversial remark, because actually | think

within the--
FARMER: Well, let me ask another thernodynam c based
question. If you get into a regime where you woul d not

have stability of chrom um oxi de but you woul d have



507
t hernodynam c stability of nolybdenum and tungsten oxi de,
woul d you expect that hypothetical alloy to passivate with
nol ybdenum and tungsten oxide, or would it be immune or
would it just spontaneously corrode?

NEWMAN: It certainly wouldn't passivate. It would
corrode at a |lower rate.

FARMER: Even though it would form an insol uble
nol ybdenum or tungsten oxi de?

NEWMAN:  Yeah, that's not the sane thing as a passive
film That's why it has a | ower corrosion rate, is
because it fornms that stuff inside the pit cavity, or the
incipient pit cavity. Actually, | think that particular
point is one which I'm happy to |l eave to sort of the
community, if you like, of the longer term because I
don't think it's particularly critical to what we've been
di scussi ng.

But | happen to believe that that has been
denonstr at ed.

FARMER: |If what you just said is true, and you have
a small mcroscopic pit formin let's say a chrom um oxi de
film what possible role could the nolybdenum or tungsten
play in increasing passivity or the ability to
repassi vat e?

NEWVMAN:  Well, the ability to repassivate is

associated with the--it's a coupling between reaction and
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transport. The process, as you nentioned, | think itself
is a kind of autocatal ytic process that's catalyzed by the
di ssol ution products of the metal. |If the netal dissolves
sl ower because it's got nolybdenum and tungsten in it,

t hen you need a nuch deeper cavity to get the sane
enhancenent of the dissolution products and, therefore,
the same catalytic type action on the dissol ution.

SAGUES: | would come in at this nmoment. Maybe |
should translate for the rest of the audience, but in case
you haven't realized, the presence of about between 10 and
20 per cent nolybdenumin these alloys nay make quite a
bit of a difference, depending on which end it is of those
ranges, as to how those alloys perform over |ong periods
of time, and how successful will be the chances that the
passive layer will reconstruct itself if it is damaged,
for exanple.

And, again, this underscores a little bit the
fact that an extrenely inportant conponent on the
repository scheme depends on understandi ng what is
happeni ng at pretty nmuch often at the atomc level in this
system The understanding is devel oped up to a point, but
it still islimted, and certainly continuing research in
this area is inportant to nake sure that we devel op the
ki nd of confidence, to use the word, that is needed when

we're going into very |long-term extrapol ati ons.
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| did want to make one poi nt perhaps on sonething
t hat does not involve very precise mechanistic issues.
It's nore of an enpirical observation. And that is that
the kind of alloy that the waste package is made of, the
outer two centineters, the Alloy-22, is an alloy that
together with a nunber of others, was designed primarily
for performance in high chloride, |Iow pH environnents,
pl aces such as refinery environnents, and the |ike.

There is an increasing anount of information, and
Joe Farnmer presented today sonme of it, that the inmmediate
envi ronnent next to the package surface, because of
evaporation of the species involved, may end up being a
relatively noderate to high pH environnent under certain
conditions. And in that case, we nmay see phenonena that
really we're not getting to worry about until nmaybe the
| ast six nmonths to one year. For exanple, we may see an
enhanced rate of dissolution of Alloy-22 and a potential,
at least a little potential, which are not terribly far
removed fromthe expected el ectropotentials that Dr.
Farmer was show ng today.

And this may bring up a nunber of questions that
may need to be perhaps resolved in the near term and |
was wondering if Dr. Farmer could comment on that, if he's
still around, the question of the peak in anodic

di ssolution in Alloy-22 at around 400 mllivolts when you
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are in the SCWenvironnment, | believe.

FARMER: Yes, frankly, we don't--we're confident, or
reasonably confident that that doesn't correspond to any
cat astrophi c breakdown on the passive filmlike if you get
a pitting potential or something like this. But there's
probably sone change, you know, an increase in the
oxi dation state of sonme netal cation in the oxide film
and we're not sure at this point exactly which cations are
changi ng oxidation state. W're studying that with an x-
ray photoel ectron spectroscopy and hope to be able to
resolve that, because it's inportant to know. But we
haven't answered the question yet.

NEWMAN:  You apply an allow, you apply a series of
al l oys which have one of the elenents at a tine renoved.
For exanpl e nickel chrom um tungsten, or nickel
nol ybdenum

SAGUES: That's a very good suggesti on.

Okay, it's been suggested to ne, and | think
that's a very good suggestion, that we should begin to--
the | ast stages of this roundtable discussion, and I would
i ke perhaps to ask each participant to summari ze nmaybe
t he key conclusions that he or she may have reached in
this discussion, and we can do this on the structure or--1|
li ke the structure nodel. That way we can keep--and since

Dr. Andrews spoke quite a bit about nodels and validation
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to them he should be the first one to talk, and we'll
continue around in this direction, and I'll be the | ast.
ANDREWS: Okay. Just so | don't use the word in ny
presentation and tal k about nultiple |lines of evidence
t hat give one confidence that the nodels are appropriate
for their intended use. And I think the nore |ines of
evi dence from di verse angl es, which includes, you know,
anal ogs, if they are appropriate and avail able for the
different informations. The anal ogs may not be used in a
quantitative sense. They may be only used in confidence
bui l ding sense, in a qualitative sense. Confidence is
added by external reviews of the science, the fundanental
under pi nni ngs of the nodels.

Those external reviews can include expert
elicitations. They don't have to. But clearly sone of
our nmodel s which we subjected to expert elicitations for
the VA, | think benefitted fromthose. |In fact, that was
one of the reasons, not the only one, but one of the
reasons for discarding the saturated zone nodel that was
devel oped for the VA as not representative and not
reasonabl e for the intended purposes, i.e., not valid, if
sonebody wanted to use the word valid.

O her multiple lines of evidence are nmultiple
i ndirect or direct observations. | think Bo had a nunber

of them Joe treats it slightly differently and goes
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after an issue potentially detrinmental to materials
performance and tries to get into the lab, into the
theoretical basis for that issue, and either determ ne
it's a real issue and incorporated in the nodel, or
di scard that as an issue because of data and theoretical
basi s.

So | think all of those things, the theoretical
basis, the direct observations of that process, peer
reviews of the individual conponents by the scientific
peers of the people who are grading the nodels, al
conbi ned gi ve confidence. And then when those nodels are
used, the uncertainty in those nodels which has to be
descri bed and summuarized within the context of the nodel
can be eval uated, and the significance of that uncertainty
to the decisions that are at hand can be eval uated, and
al l ow the decision nmakers then, based on all of the
evidence in front of them to nmake a reasoned decision as
to how to proceed.

SAGUES: Thank you very nuch. Dr. Eisenberg?

El SENBERG. | guess one thing I1'd like to say that
I"mgratified that DOE is using elenents of the Wite
Paper strategy that was issued by NRC and SKI. | want to
rem nd everybody that there's two parts of the eval uation
of conmplying with the performance standard. There's the

quanti fied performance of the repository, and there's then
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al so the evidence for confidence in that cal cul ated
performance, and those are not necessarily the sanme thing.
They're two distinct itens.

"' mnot sure, there was sone discussion earlier
today that you m ght use the sane kind of |anguage,
because they both can be described probabilistically, but
"' mnot sure that the confidence in the nodels used to
project performance is always appropriately discussed in
quantitative terms. But qualitative terns m ght be nore
appropri ate.

Wth regard to the NRC regul ations, | think we
expect a reasonabl e approach. W do not expect the
i npossible. Part 63, |like Part 60, asks for support of
the nodels. It does not ask for validation

| think there's a need to focus nore on
extrapol ations in space and tine, because that's the
central issue.

We strongly support the use of nultiple lines of
evi dence to support the nodels, and | agree with Bob. And
finally, just a rem nder that reasonabl e assurance for
protecting public health and safety is based not just on
the results of the performance assessnent, but all the
evi dence before the Comm ssion, including elenments of
siting, continuing stewardship of DOE by DOE of the site,

and ot her protective neasures.
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PARI ZEK: |I'minterested in just keeping nmy eyes open
all through this process, and the program has to do the
sanme, | ooking for always some new reason to maybe pursue
sonet hing that may be an inportant goal, and that is to
make sure we haven't overl ooked sone critical point.

For instance, that 1000 mllinmeter flux rate that
m ght be needed to create drips, if that statement is
correct, that buys a lot of protection. And if the shape
of the tunnel doesn't make nuch difference and that can be
denonstrated, we feel even better that we're not going to
have dri ps.

But then if we go to the test site and we see
wat er | eaking off the roof of tunnels and splashing in
different places and we say what's wwong with that place.

I mean there's a disconnect here somewhere. We want to
make sure that we can take and transfer those observations
to a place |like Yucca Muntain and understand under what
conditions we saw water pouring into N Tunnel, G Tunnel,
or sonme other tunnel.

So this is the thing that always works ne if
sonet hi ng i nconsi stent has been stated perhaps, and we
need to understand the process.

And then the nmultiple lines of evidence already
stated the fact that for the unsaturated zone nodel, there

are many, many different ways in which the nodel is being
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| ooked at, and | think that does add to ne confidence that
perhaps it's not just the tenperature, it's not just the
gas, the pneumatic responses, and all of that's consistent
with sonme | evel of understanding and how t hat nmountain
behaves in the unsaturated zone. W need to do the sane
for the saturated zone.

As far as the nmetallurgists, they have to do the
sane for theirs. And then we have to put all this

toget her, and then we'd have a very conplicated thing to

sort of sort out and say, well, | think at the end, | feel
better. But why not allow for the fact that we can change
our mnd. | think that's a public credibility problem |

think it allows for the fact that perhaps you're going to
keep the door open longer than the programoriginally
envi si oned.

And there's a | ot of good to be said about it,
and if people say, well, that's because we don't really
trust us, you're never going to take it out, you put it in
there and we're not going to trust the program you have
no intention of taking it out, but scientists would say,
well, we know we're going to inprove our understanding of
processes in the future.

We're maki ng progress every day. Qur conputers
are bigger. Qur experinents are continuing. And so we

al ways upgrade our science and change our m nd, so why
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can't we convey that to the public, that if you put it
underground, the |icense says maybe that you can take it
out, or have to take it out if you find sonething wong
with it, but the public understands that there is a
control over this process and that really it's not just a
random deci sion. You put it there and you have no
intention to take it out.

You may be nore than happy to take it out after
you begi n observing the performance of that place, because
that's the other part, once you nake an engi neeri ng
deci sion, you have to kind of nonitor its performance to
see if your understanding was correct. And if not, you'l
make adj ustnents. And the science and engi neering
community will make those adjustnments, in my opinion.

So |'d hope that we can perhaps do a little bit
nore with the public perception of how this process m ght
wor K.

SAGUES: Thank you. Linda Lehman?

LEHMAN: Li nda Lehman, Nevada. | guess because of
the differing expectations, we should not use the "V"
word. But because we do have uni que solutions to sone of
t hese equations and processes, that we should enbark on
t he confidence buil ding approach, which works to constrain
your answers, and as everyone said, through various

i ndependent |lines of different results or different data
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bases, which can be conpared.

| also think that | should say sonethi ng about
retrieval and contingency plans, which was brought up
earlier. Even though we have a retrieval in the
regulation and in the law, | don't--1 have never really
seen a plan for where that would go or what woul d happen
toit. And |l knowin the real world if we're doing a
design for sonething, we have to have a contingency plan,
but we also have to put up sonme noney for that contingency
plan. So that's sonmething else mght build confidence in
the community.

| also think we need to do nore confidence
bui | ding on sonme of the processes or things, barriers |
guess that are the primary barriers, like the waste form
or waste package, which are expected to | ast hundreds of
t housands of years, or at |east 30,000 years is the | atest
|'"ve heard. But those kind of tine frames are very, very
frightening to the public, and | think there has to be a
| ot of confirmation going on in terns of how | ong those
barriers would | ast.

APPLEGATE: All right, what have | taken away? We

have a failure to communicate. First off, Congress did
not intend to be laying out an inpossible task. A |ot of
peopl e wonder what Congress was intending. But the one

thing we're certain of is that they were not |aying out an
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i npossi ble task. But it seens to ne that validation
really does just that, effectively underm ning all the
calibration, all the testing, all of the work that has
been done and has gone into this effort, and which
ultimately comopn sense dictates is all that can be
expected, because this is indeed a conpletely
unpr ecedent ed undert aki ng.

| nmean, the question that was raised earlier, in
that way, it is fundanentally different from say,
buil ding a bridge or what not, because the first several
hundred thousand bridges that were built certainly weren't
forced to undergo the kind of incredibly rigorous
oversight that this project is having to undergo on its
first time out.

| agree with the others that to build confidence
for the LA, and ' mrestating what | stated before,
certainly nonitoring, thinking of the long-term | ooking
at contingency, all of these things are very, very
val uable. But, again, in ternms of a political decision,
they're not. That's just sort of the painful reality of
it.

So given that fact, and given the fact that you
have to acconplish this, how do you build confidence for
this political decision? And I think what | really took

away was the comrents made this norning by Debra Knopman
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It comes down to communication, it comes down to

under st andi ng how to present all of the work that has been
done. And | think that was a very val uabl e di scussi on and
we're enmbarked, I'mworking a ot on the climte change
i ssue which also deals with nodels, also deals with people
with very different opinions and a seemngly intractable
pr obl em

And one of the things that we're trying to
understand is we're doing focus groups with policy makers,
trying to understand what their perspective is and what
their expectations are with respect to the science. So |
think that's quite a val uabl e undert aki ng.

So, anyway, that's ny two cents.

SAGUES: Thank you. Dr. Tsang?

TSANG. | just have one viewgraph.

SAGUES: By all means.

TSANG. First, | want to nake very clear it's a
personal view. | do appreciate Yucca Muwuntain paid for ny
trip, and al so appreciate that you' re not giving ne a
singl e phone call to say what am | going to say.

But al so you did not ask me what |'mgoing to
say, but that is the LBL practice anyway. So ny main
conmment on my experience in |INTRAVAL, DECOVALEX, and al so
| had to wite some review reports, review NIREX and Site

94, and | also | ooked at the Japanese H-12 report, but |
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don't have the right review about that.
But | will say Site 94 is a very good report one
shoul d | ook at because it discusses |lots of the issues.
The next viewgraph, the next part of the one

vi ewgraph i s probably not that kind of show, | hope given

they will agree. One thing | want to make nention is this
contingency plan business. Over 15 years ago, | think,
was i n DOE Headquarters. | was asking how about firefight

bri gade concept, and the answer is no, no, no, don't talk
about it. The main reason was that at the begi nning of
t he di scussion of nucl ear waste disposal, the concept cane
out is that we want to put nucl ear waste away so that
nobody after, say, 50 years or 100 years, whatever finite
time period, no people need to worry about it. We don't
want to burden the future generation.

Scientifically of course | agree with that.
There needs to be sone kind of nonitoring and contingency
pl an, but we are really going back to the very begi nning,
t he phil osophy of the whole thing, so we have a | ong
battle to fight.

The second part | think was covered in the
di scussion already. The best PA nodel may not be the sane
as the field calibrated nodel. | think we tal ked about
that, so it's very inportant to have the PA nodel correct,

what ever that neans.
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Let nme just |look at these. The PA nodel result
must be given with uncertainty ranges, and the uncertainty
is not just paraneter value, but also the FEP, the
features, events and the processes, and there is a need
for an alternative nodel, and | think |I showed the SKI's
approach where they | ook at alternative nodels and find a
di screte fracture, and a sinple single fault problem and
even within that, they vary the different conceptual
things. And that the uncertainty is different from
parameter variability. Those are two different things.

Then in nmy mind there is a question of how do you
bring the state of the know edge of the scientific
community into the PA. That basically I will say is
intrinsic limt of nodel validation. There's nothing you
can do beyond that. And then |I said it's inportant to
recogni ze there are three types of experts. One is there
is an expert at the Yucca Mountain site. | nean, they've
been living, breathing there for the last I don't know how
many years, and if you want to know what's going on in the
site, | nean, they're the expert.

But it's inportant to bring the general
scientific community expert in and to help with the system
so that we are at the forefront of the science. And in
the NIREX, as well as SKI, they have a formal system using

external experts, not just as a peer review, but also in
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part of the decision making process in the m ddl e about
i nportance of features, events, about all the inpacts, so
there is a formal process there, and they docunment it, so
they revise it, everything is traceable and transparent.
And then the other source of expert which is very
inportant to draw fromis the nucl ear waste expert from
ot her countries, other people's prograns. One difficulty
about getting expert advice is that in a country, nmaybe
not so nuch in the United States, but in other countries,
al nost everybody is working in the waste. They don't have
the other experts to draw from But on the other hand, it
woul d be very useful to draw from experts from Sweden
U. K., and so on, and |I note you people from Canada. But I
think these people that have been worrying about the
nucl ear waste programin their own conpany, they're very
good, so they'll be famliar with the phil osophy and al
that. Now, of course then scientific publications. That
is open to everybody, and it's really inportant.
Then | have sone open questions, just three nore.
How to validate probabilistic nodel, and that is not so
easy. One could | ook at a range, conpare the range.
That's one way to do it. There is quite a |ot of
literature in system engineering, Oren, Sargent, system
engi neering, there's whol e proceedi ngs on sinul ati on,

conferences, synposium where to | ook at various tests for
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t hese kind of things.
| really have difficulty with this one. | don't

know whet her anybody--how do you val i date boundi ng
cal cul ati ons? Some of the bounding cal culations from zero
to the sound is probably obvious. But if you want to
shrink it and narrow it down, it becones quite subtle, and
that is a hard problem | don't know how to solve. And I'm
still pushing that it would be very useful to use nultiple

i ndependent groups. In the Site 94 report from SKI, they

actually used different groups to | ook at different
conceptual nodels, and each group did the tests and then
conpared the results. And | think this is one way to try

to bring forth science.

So, again, this is a personal view. | don't
represent anybody. |I'msure | step on nmaybe Yucca
Mountain and NRC and IES's toes. [If you don't know if |

step on your toes, you can ask ne and I'Il tell you.
SAGUES: Thank you very nuch. Dr. Runnells?
RUNNELLS: | think nmuch of what should be said has

been said. From a personal point of view, |I'mvery

favorably inmpression with what we saw today in terns of

nodel i ng efforts and nodel i ng benchmar ki ng, nodelling
cal i bration, nodelling verification. There's a "V' word,
but it wasn't validation. So |I thought the presentations

were excellent and it shows a great deal of progress.
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| sat, though, and | still do sit through these

nmeeti ngs and wonder how nmuch the general public could
possi bly understand of what goes on here. And in the
final analysis, | believe the general public will have the
final say. | think that there has not been an adequat e,
if you like, involvenment of the public, or an adequate
education of the public so that they can understand to the
degree possible the science and the effort and the neaning
of things like uncertainty in this program

|'d take an additional step. 1'd say that none
of us can understand 10, 000 years, none of us. If we
t hink we can understand 10, 000 years, we are quite
foolish. | think back to what do we know about the tine
of formation of this country in 1776. How nuch do we know
about what was going on in 1776? That's only 200 years.
How nuch is left for us to view fromthe tinme of the
Egyptians? Precious little.

We do not understand 10,000 years, and | think we
have to recognize that on the front end, to ne, that neans
we recogni ze that these nodels are the best tools we have,
but that we have to incorporate into the predictions
nonitoring, appropriate nonitoring, and | would argue that
we need to talk about reversibility or retrievability,
what ever word you want to use, but if sonmething goes

wrong, what are we going to do about it. That's what the
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public | think would Iike to know.

|"d suggest there's a fourth group of experts, by
the way. | would suggest that the public is the fourth
group of experts. The public, we as the public, |l
i nclude nyself, are expert in how to raise our children,
not really, how to raise our dog, howto grow a garden,
how to enjoy the out of doors. There is that fourth group
of experts that | think this programtends to gl oss over.

They don't understand perhaps the science, but they
understand things that affect their daily lives, and |
think we have to pay nore attention, the program should
pay nore attention to them

I heard nmention the other protective neasures,
ot her protective neasures that m ght be taken. |'m not
sure what that neans, and |'m sure the public doesn't know
what ot her protective neasures mght nean. | think we
have to spell those out, whatever they are, in terns of
safety to the environment, safety to the public.

I would also submit that this programis not
unprecedented. | would submt that the programto take a
man to the noon was of equal magnitude and equally
unprecedented, but that the difference was | eadership.
John Kennedy when he set the goal of going to the noon
rallied the people behind him | think those of us of

adequat e age can renenber his speeches and can renmenber
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the excitenent that the | eadership of this country gave to
t he noon program totally unprecedented.

Many people would have said it was inpossible,
you can't do it, and yet with the proper |eadership and
t he proper education of the public, it was acconplished.
And | would like to see that kind of | eadership again at
the very highest levels with respect to this very
i nportant and very difficult problemthat faces the world

of nuclear waste, and | don't see that we have t hat

| eadership. | think that's mssing. | don't know how we
get it. | don't have an answer as to how, but it's
m ssi ng.

So anyway, enough sernoni zing. Those are ny

t hought s.

KONI KOW  Koni kow, USGS. | think |I've probably nade
my position on nmodel validation clear. But | also want to
make clear that | do believe in the value and use of
nodels. | certainly didn't nean to inply that | have any

criticismof basically the idea of using nodels to nake
predictions. | think they are the best tools we have, and
t hey should be used. They should be tested, and they
shoul d be viewed with healthy skepticism and there is a
call for letting the public know what we're doing with the
nodel , and we have to understand what the nodels are

doi ng.
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And so--and this is good and it's sonetinmes hard
to do for sonme of these individual conplex nodels. |
mean, the unsaturated zone process, they' re very conpl ex
and non-linear. So if we think that's hard, wait till you
couple all of these nmultitudes of nodels into the TSPA
systemor into the PA nodel. Just wait till you get them
all together. And | don't think anybody in this roomis
really going to know what's going on in that coupled set
of nodel s.

And the idea of a PA or a TSPA is really a good

one. In theory, it sounds great, and difficult to argue
with it. It's the way to go. But as with nmany other
things, the devil is in the details and |I'm perhaps a

little biased by having served on the National Acadeny's
W PP review committee for about seven years while they
were going through their PA exercise, and it was great in
t heory, but there were sonme real problenms with the
i npl ementation, with the details, and with the review
group like this that neets a couple of days every few
nmonths, it's really hard to get into those details. And
if you're not |ooking at those details, well, who is
| ooking at the details other than the people running the
PA nodel .

Sone of the problens that we saw, nmaybe | shoul d

just say nme, there were sonme tinmes a disconnect between
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the scientists on the project who were devel opi ng these
conpl ex, sophisticated calibrated nodels that seenmed to be
representing the processes pretty well, and the
abstractions of those nodels that were incorporated into
t he actual PA that was making the predictions. Sonmetines
t he PA people weren't talking to the scientists who were
devel oping the original nodels. This is one of the
dangers.

Sonetinmes it was the way they were doing the
sanpling procedure for this whole Monte Carl o approach.
There are subtle ways that that could introduce bias into
the generated risk statistics. There were cases--well, in
general what they were doi ng was independent sanpling of
all the paraneters. Well, if you have two paranmeters that
are highly correlated, then the independent sanpling is
going to be generating a fair nunmber of infeasible
conbi nati ons of paranmeters, and if those are the ones that
are generating, let's say, safe cases, what you' re doing
is stacking the deck. You're affecting the outcone in
terms of the risk statistics.

What was bei ng done in some cases was
substituting |arger variances in paranmeters for ignorance.

You know, one of the things that concerns ne about
dealing with the natural systens around Yucca Mountain

versus dealing with the engineered barriers, is that the
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range of uncertainty in characterizing the natura
geochem cal and hydrogeol ogi c properties is really so nmuch
| arger in terms of the uncertainty in characterizing the
engi neered characteristics, the engi neered barriers
characteristics.

And |'m not convinced that we coul d adequately
characterize the nean and the variance and the trends in
t hese properties, or that we could substitute our
i gnorance of these by just increasing the variance. One
of the things is that, you know, for sone paraneters,
i nstead of representing the heterogeneity, they would just
vary the nean val ue, but keep it uniformfor each
simul ati on, for each realization. | would argue that
they're not equivalent. They do different things. And
that will, in effect, bias the outcone in one way or
anot her.
And so | think that there are--1 could go through
a whole |list of these, but there are a nunber of subtle
problens in the actual inplenentation of a conplex PA in
which multiple nodels are |inked together that | caution
you to be wary of.
SAGUES: Thank you very nuch.
ORESKES: Miuch of what | have to say has been said
before, but I'Il just try to reiterate a couple of points.

It seens to me there's still one issue to be raised that
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hasn't been nmentioned over the stance of DOE towards new
information. In the last couple of days, we heard severa
people say that in the com ng nonths, various tests woul d
be done or various nodel calibrations or whatever you want
to call them would be done that would increase the
confidence in the position. And that makes ne feel
nervous because it seens to ne it's putting the cart
before the horse, and it raises the question that | think
was asked by the Board several tinmes in the |ast two days.

How do you deci de whet her or not sonme results ought to
i ncrease or decrease your confidence in the situation?
What woul d constitute grounds for decreasing your
confidence? What constitutes grounds for rejecting a
nodel ? And what are the criteria by which sonething is
determ ned to be reasonabl e?

We didn't really ever hear the word unreasonabl e
or acceptable. W never really heard the word
unacceptable. So | would just encourage the people
involved in this process to think again about that
question. And | think that in ternms of public confidence,
unl ess one has sone sense about what the criteria are by
whi ch sonmething is deened reasonabl e or unreasonabl e, then
there's this concern that arises that, you know, al nost
anyt hing could be reasonable if the peopl e decide they

want it to be.
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So | really raise that as an inportant issue
about the stance of DOE towards the information generating
process.

The second point 1'd like to make is just to
reiterate this issue about the predictive accuracy of
cal i brated nodels. A calibrated nodel can be predictively
accurate. There are many, many good exanples in the
hi story of science of scientific theories that made
extrenmely accurate predictions, but were |ater shown to be
conceptual ly fl awed.

Several times we've heard the issue about the
underlying process, and | think everyone here agrees that
we want to understand the underlying process. | don't
think there's any di sagreenent about that desire. But how
do we get to that? That's the real question. And the
fact that the nodel nmay have predictive accuracy is not
t he answer to how we get to the underlying causal issues.

So | would encourage that issue to stay on the
front burner and to hear nore tal k about the independent
evi dence for the causal processes that are being invoked
in the nodels.

And then the third point is to reiterate the
point that Dr. Runnells made. W are trying to make a
deci sion here in the face of substantial scientific

uncertainty, and we could have a really interesting
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di scussi on about the space program and the way in which
it's simlar or different, and | take your point that it
was unprecedented in certain ways. But | would argue that
the scientific uncertainty is actually greater in this
case.

But whether it is or it isn't, it's clear that
there is tremendous scientific uncertainty in this
process, and then that argues the need for an ongoi ng
| earni ng process, the possibility of preparing for
nmonitoring, nodification, retrievability, reversibility,
what ever word you like, and it seens to nme that as DOE
noves towards the final TSPA, that it's really inportant
t hese uncertainties not be swept under the rug. |It's not
wrong to be uncertain, but it is wong to be di shonest
about being uncertain. And | think DOE should find nore
effective nmeans to comrunicate this uncertainty to the
peopl e whose |lives are potentially affected by this,
because that is what we're really tal king about here, and
I think it's easy for us as technical experts to gl oss
over the concerns of the people who live in the state of
Nevada and el sewhere. Their concerns nay be exagger at ed.

Their concerns may be irrational by the standards of
statistical analysis, but they are real concerns, and |
think it's really inportant for us not to dism ss those

concerns, whatever their sources are, and that the DOE
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shoul d enphasize that this process of |earning, nonitoring
and possibly nodification won't end with the site
recommendati on.

SAGUES: Thank you very nuch. Dr. Newran?

NEWMAN: | didn't know anyt hi ng about hydrogeol ogy,
or rather | didn't until about a nmonth ago. And the
reason | know nore now than I did a nonth ago is not
because |'ve been reading all the docunents that | was
sent, although of course |I did, but because | own a
Victorian house with a cellar and I don't wal k through
puddl es of water to get to my wine, and so | decided to
have part of it sort of siliconed. And it's remarkable
how much you | earn about hydrogeol ogy by doing that.

For exanple, you silicone part of the wall, and
then the water starts com ng out sonmewhere else, but |I'm
sure these things are very obvious to you. O when the
wor knmen i nexplicably disappear for three weeks in the
m ddl e of the job, then they have to start again because
t he whol e things conmes off the wall.

But it did nmake ne think that perhaps, you know,
we're very used--1 don't want to sound condescendi ng
towards the public, but we're very used to talking--to
show ng pictures of things, but |I'm always nmuch nore
easily convinced by a physical nodel. | feel like it's

sort of an anal og nodel, if that's the right expression,
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t han any nunmber of pictures of schematic draw ngs of
things, and | just wonder whether the concept of how the
water gets into this repository and what the physical
processes really are that are involved in it couldn't be
expl ai ned using a physically realizable nodel. That's
just a random t hought.

But going back to corrosion, | think--1 just want
to reiterate what | said before since |I've got jet |lag and
| can't think of anything new to say, and that is that the
nost reasonable way to try to guarantee, if that's the
ri ght word, a 10,000 year life for these waste containers
is to build exclusively, at least to begin with, w th what
I would call an arrest philosophy. That is, think of al
t he ways that corrosion could possible start, make it
start, and then show that it stops.

And | realize that that's specific to the
corrosion issue and can't really be used for the
hydr ogeol ogy issue, although there is an artist, |1've
forgotten his name, who wraps things--Christo, that's
right. Maybe if you could wap the top of the nmountain
just for a few years so that water didn't cone in, then
you know, you m ght be able to carry out a giant
experi ment whi ch woul d probably have sone nerit.

So although it's easy with the little waste

container to do that, I don't think perturbation of the
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natural system should be ruled out either. But then I'm
only a corrosive expert.

SAGUES: Yes, indeed. And you nmentioned a little bit
earlier about the academ c corrosion conmmunity, and I
think that if you put the first two words together, then
you get way beyond our field.

NEWVMAN:  Wel |, corrosion science is often considered
an oxynmnoron.

SAGUES: Okay, that's very good. We'll we're within
two m nutes of being on tine, so that determ nes the
l ength of my little contribution.

I really--we have heard a nunber of very val uable
insights. | just wanted ny only little coment again in
the area of corrosion. W are going to be in need of nore
basi ¢ know edge on this. There's no question that what
causes the passive |layer to exist and to remain so, is
really not known very well. W don't have--we have a
number of very inportant open questions, and we have one
particul ar issue, and Roger Newman has continued to--in
the literature to that and he hinself recognizes that this
issue still we do not have a fundanental understandi ng of
what causes a given tenperature to exist bel ow which
processes such as crevice corrosion don't seemto
conti nue.

Now, that concept is critical to a repository
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design of this type because we're using the concept of a
critical tenperature and, therefore, susceptibility. And
I think that those things are going to have to be known
better to instill our confidence in whatever we do, nodel
predi ctions or otherw se.

But anyway, it's exactly 5:30, and | really would
like to thank very much the contributors to the panel. |
appreci ate very nmuch again all the thoughts that have
taken place. And wi thout nuch nore, |I'm going to now pass
the control of the nmeeting to Dr. Cohon.

COHON: Thank you, Alberto. Don't anybody nove.
We're not quite done. Just some brief concluding remarks
after a |long day, |ong two days.

I, too, want to thank the nmenbers of the
roundt abl e and Al berto for his wonderful job as Chair. It
was a very stinmulating couple of hours. | got a |ot out
of it, and I think ny coll eagues on the Board and others
in the roomdid as well.

Don, maybe one of the presidential candi dates
will step up and say nuclear waste is the issue |I'm going
to go public on. Don't hold your breath.

Though we did not engage the audi ence by design
in this, and I'm just another menber of the audience, |I'm
the one who's got the mke so | want to make just one

brief remark.
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One of the thenmes that was constant throughout
this roundtable was the issue of uncertainty.

Unavoi dably, this problemis highly uncertain and it's
arguable as to whether it's the nost scientifically
uncertain problemever attenpted. But neverthel ess, the
uncertainty is very high.

And, furthernore, we've heard sone good comments
by many people, nost recently by Professor Oreskes, about
the need to be clear about uncertainty, about the need to
communi cate it effectively to the public, she nentioned,
and that al so includes decision makers, political decision
makers. And we've heard that comment before, as well as
techni cal decision makers.

It's a wonderful opportunity to say once agai n,
havi ng the expected value of dose is the only decision
criterion that does not convey uncertainty. 1've raised
this before. One answer has been from DOE, well, expected
val ue because it takes into account it's a weighted
probability neasure, captures uncertainty. That's not
true. | nean, that's true, but it does not convey the
uncertainty to decision makers.

When | raised it with NRS, the response was oh,
well, we're going to present to the conmm ssioners
uncertainty also in the full range of performance. But

the fact is the decision criteria, the criterion is
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expected value that's not communi cating uncertainty.

One final thing on that note. Somehow the world
of TSPA has gotten turned inside out and it's been quite
remar kable to watch, and | wasn't really fully aware of it
until today. Early on in my tinme on the Board, there was
a w de acknow edgenent by the program and especially the
peopl e doing the PA, the nodelers, that the greatest val ue
of TSPA was to understand uncertainty, to understand a
range of possible performance. Now we heard, and the NRC
representative said well, |1 don't think we should be
quantitative about uncertainty--about confidence. |'m
sorry. That we should be qualitative about it.

Now, the inside out part of this is where they
use TSPA to produce a nunber, the expected val ue, but we
shoul d not be using TSPA to quantify uncertainty. The
worl d has shifted sonehow and it doesn't make a great dea
of sense to ne. There seens to be a |large inconsistency.

End of ny editorial, and I do get the |ast word,
by the way, at the public nmeeting. A brief summary of the
full two days. A lot has gone on in the |ast several
nont hs for the program nost of it good. W' re delighted
to see the progress. W're very pleased by the
responsi veness of the programto the Board's coments, and
we thank you for that. W're delighted by the strong

communi cation links that exist between DOE and t he Board
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and they seemto be working very well, | think for the
good of the program

We heard about the perennial budget problens.
They' re regrettable and we hope they conme out okay. There
is no question they will have a significant inpact on the
program they nust, depending on how t hey cone out, of
course, and the tinme pressures are a constant.

And one other continuing problemis we' re going
to teach you eventually about the difference between SR
and LA, or you're going to teach me that there is no
di fference.

It was very pleasing to hear about the repository
safety strategy and to see the progress that's been nade
on it, and I think particularly notable was how t hat
strategy and the principal factors that have been
identified carry through throughout the rest of the
program and that is what's happening in the field, what's
happeni ng at TSPA. There's a sense of togetherness within
the program a sense of coordination that |I think is very
good, very good for the program and probably at an al
time high.

Thank you again to everybody who made
presentati ons and otherw se participated. M thanks to ny
col | eagues on the Board for their role in helping to chair

nmeeti ngs.
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We stand adjourned. Qur next public neeting is
in January in Las Vegas. We'll see you all there.

Thank you very nmuch, and thanks--1'"m sorry--to
our consultants and guests in particular who participated
in this roundtable. Thank you.

(Wher eupon, at 5:30 p.m, the neeting was

adj our ned.)
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