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PROCEEDI NGS
8:30 a.m
COHON: Thank you. It's ny pleasure to wel cone you
to this second day of our summer neeting. Yesterday was a
very full and productive day, and we | ook forward to the
same for this day.

I want to nmake a couple of introductions before

we get down to business. |'mvery pleased to note that
we' ve been joined by Bill O Donnell, a nmenmber of the
Nevada State Senate. Senator O Donnell, thank you very

much for being with us today. And we're pleased you could
be here. We hope you can spend a little time and get
educat ed and maybe partici pate.

I'"malso very pleased to introduce to you a new
menber of our staff. Her name is Joyce Dory. And, Joyce,
if you' d stand up so people can see you? There's Joyce.
Joyce has just joined us as Director of Adm nistration for
the Board. She's succeeding Mke Carroll, who many of you
know. M ke, as you nmay recall, noved on to a position at
t he Departnent of State.

Joyce, before joining us, was Chief of Budget,

Fi nance and Adm ni stration Services in the O fice of
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Federal Contract Conpliance at the Departnment of Labor.
And prior to that, she worked at various high-Ievel budget
positions at the Equal Enploynment Opportunity Commi ssion
and at the Departnment of the Arny. W're very pleased

she's with us and | ook forward to many years of working

t oget her.

Wel conme, Joyce.

Reli sh that appl ause, because it probably won't
cone again. In the nature of your job and the nature of

this Board, that m ght be it.

One scheduling note for today. To accommpdate
two nembers of the public who have to depart early today,
we're going to add a public comment period at 11:45, which
was the time we had scheduled to break for lunch. W wll
break for lunch immediately after that public coment
period. Lunch will be at |east an hour. Don't worry,
we're not going to be that grim | currently expect that
the lunch break will commence at 12:15 or so, and we w ||
reconvene at about 1:15. But we'll update that at that
tinme.

| want to enphasi ze, though, we will still retain
t he public coment period previously schedul ed for the end
of the neeting. That is on the schedule at 4:50. MW
guess is it will be around 5 o' clock, not too nuch after

t hat .
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Wth that attended to then, it's ny pleasure to
i ntroduce to you Paul Craig, a nenber of the Board, who
will Chair this norning' s session. Paul?

CRAIG Thank you, Jerry. M nane is Paul Craig, and
I'"d like to wel conme you back for the second day of this
neeting of the Nucl ear Waste Techni cal Review Board. This
norni ng, we'll continue our discussions on TSPA for Site
Recommendati on, commonly known as TSPA/ SR

As our chairman and Dan Bul | en pointed out
yesterday, TSPA/SR will provide the primary technica
basis for any decision on the suitability of Yucca
Mountain as a repository for the nation's spent fuel and
hi gh-1 evel radioactive waste.

The Board has enphasi zed the need for
transparency, that is, that readers should be able to gain
a clear picture to their satisfaction of what has been
done, what the results are, and why the results are as
they are. That's a quotation fromthe Nucl ear Energy
Agency, 1998.

The Board has al so enphasi zed the need for the
DOE to quantify, describe and display the associ ated
uncertainties.

We' Il begin today with a continuation of the
presentati ons on individual components of TSPA/ SR and

related sensitivity tests.
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Yest erday, we heard about the unsaturated zone,

t he engi neering barrier system environnent, and the waste
package and drip shield. This nmorning, Christine Stocknman
wi Il discuss the waste form that is, the radionuclide

i nventory, degradation of the spent fuel, high-1Ievel

cl addi ng, high-1level waste cladding, radionuclide
solubilities and formation of colloids. This is a |ot of

i nportant chem stry that hel ps determ ne the source term
that is, the types, anounts and tim ng of radionuclide

rel ease fromthe engineered into the natural system at
Yucca Mount ai n.

Fol Il owi ng Christine, Bruce Robinson will discuss
saturated flow and transport, that is, how rel eased
radi onuclides travel with the groundwater fromthe
unsat urated zone beneath the repository to the accessible
envi ronnent sonme 20 kil oneters away.

John Schmitt will then discuss the biosphere, or
how the living world of plants and animals can take up any
rel eased and transported radi onuclides. All this will end
up in an estimte of anpunt and tim ng of the radioactive
dose that a nenmber of the so-called critical group wll
receive.

The | ast presentation will be by Kathy Gaither on
di sruptive events, that is, on the effect of earthquakes

and vol canic activity on the repository. W've already
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seen that according to TSPA/ SR, volcanic activity provides
the only dose during the first 10,000 years of repository
lifetime.

There's one nore speaker before lunch tine. It's
Abe Van Luik, who will tell us about the DOE's efforts to
get a firmer grip on uncertainty in TSPA/SR. He'l
di scuss both general plans for estinmating overal
uncertainty, and sonme specific results for individual
conponents.

As di scussed yesterday, uncertainty in TSPA/SR is
of great interest to the Board, and was the subject of a
recent Board letter to DOE. W' re especially | ooking
forward to Abe's presentation.

|'d like to rem nd everyone that we're trying to
limt ourselves to questions of clarification during these
first four presentations. There will be anple opportunity
to ask other questions or provide comments in the panel
di scussion this afternoon. We've allowed 30 m nutes for
each one of these presentations, and as you start to
approach too closely on your limt, I'Il speak up

So our first speaker is Christine Stockman.
Christine is from Sandi a Nati onal Laboratories where she's
t he project |eader on the Waste Form Degradati on Model
Report. Christine is a chem st by training, and has spent

nore than ten years working on performance assessnent and
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wast e di sposal .
Christine?

STOCKMAN:  As he said, |I'm Christine Stockman, and
I|'"'mthe Waste Form | ead for Waste Form Degradation. But |
wanted to first off thank Rob Reckard, he's the PA | ead
for Waste Formin the project, and he prepared all these
slides for me while | was off at a fam |y weddi ng.

This slide shows the eight conmponents of the
wast e form degradation nodel, and it shows their
i nterconnection. |In-package chem stry is here on the left.

It is a controlling factor on all the other conponents.

It controls the CSNF, or commercial spent fuel degradation
rate, the cladding degradation rate, the DSNF degradation
rate. In reality, that would be controlling. W don't
have an arrow here because we've bounded this so high we
didn't need to have that connection in the abstraction.
Then there's the high-level waste degradation rate, the
di ssol ved concentration Iimts, and the coll oida
conponent. Those are all dependent on chem stry. The
only thing that is not is the radionuclide inventory,
which is just a straight feed into the nodel.

The process nodel factors that Bob Andrews showed
yesterday are pretty nuch the sane as those eight
conponents. We have the in-package environnment, the

cl addi ng degradation, the three different waste form
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degradation rates, the dissolved concentration limts, the
col | oi dal concentration, and then al so here in-package
transport. We've hatched that because this is partly in
waste form and partly in EBS transport, and this one we
very much bounded in the current TSPA presentati on.

So we're going through the assunptions and sone
of the results today, and first is the assunptions of the
chem stry conponent. First of all, the bulk chem stry is
what we're considering here, not |ocalized chem stry. And
in our nodelling, we found that the bulk chem stry was
controll ed by the claddi ng, coverage of the CSNF, or the
degradation rate of high-level waste glass in a co-

di sposal package, and the steel degradation rate for the
basket materials holding the waste, and it was also by the
assumed gas pressure that we used in the calculations. W
assurmed ten to the mnus three, atnospheric CO2 pressure,
and at nospheri c oxygen pressure in our calculations. And
when we did this, these controlled the bulk chem stry.

In turn, as | just said, the bulk chem stry does
af fect the other conponents. And the other thing in the
bul k chem stry is we assumed a well m xed, fully
oxi di zing, full bathtub nodel. There are other scenarios
with thin films of water where you could allow the inside
of the package to go non-oxidizing at early tine. W did

not do that. W had a full bathtub, well mxed and fully
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oxi di zing, which we felt was conservative for the bul k
chem stry.

We are continuing to do sensitivity studies with
our codes now, varying the ampbunt of water to solids. W

don't believe that's going to nake a |large difference, but

we will see. And we have al so added in sensitivity
studies on the type of water we add. In the last bullet
here, we used J-13 water as the input. W'II|l be using

concentrated J-13 as well to see if that nakes a big
difference. We don't believe it will.

This shows the uncertainty in the TSPA
cal cul ati ons of the resultant pH that cane from our
abstraction. And the title here is actually a little
m sleading. |It's saying that the pH for the comrerci al
fuel has a |l arger spread of uncertainty than for the co-
di sposal. And this is true for the TSPA abstraction, but
for the process nodel reports, it |ooked the other way
around. For the process nodel reports, we varied the
corrosion rates of all materials inside the package. W
varied the seep rate of water entering the package. And
the seep rate was a very inportant factor. Now,
l et me go through some of this in alittle nore detail,
and let nme also point out that the time scale here is tine
since first package failure. This is not time, absolute

time. |If the first package breaches at 50,000 years, then
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this would be 51,000 years here. The reason we did this
is there's no reactions going on until a waste package
breach and water gets into the package, and then during
the first thousand years or so, we have reaction of the
materials within the package, and in particular, the

sul fur and the carbon steel will oxidize and produce

sul furic acid which depresses the pHin the early period.

Fol l owi ng that, and as nore seepage cones in, and

the CSNF reacts with the water, it cones up nore neutral.

In the co-di sposal package, you al so have a period where
it goes acid because of the carbon steel. But then as the
hi gh-1 evel waste degrades, it's quite alkaline and it
brings it up to about a pH of nine.

Anot her feature that you can see here is based on
t he other things you' ve seen yesterday, there is not nuch
seepage until about 40,000 years. And you can see here in
t he co-disposal, that this is all pretty flat and strai ght
until about 40,000 years. Then the pH starts to dip down.

That's where seepage is actually diluting the chem stry
and bringing it nore towards J-13.

The other thing is what we did in this
abstraction, we tried to be conservative and we tried to
be sinple so that it could be easily inplenmented in the
TSPA. So what we did is depending on the time period and

t he waste package, we had different assunptions. For the
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commercial fuel, this period shows the range of the
m ni mum pH seen in the first 1,000 years. Wereas, in
this region, we used the average over the whole tinme
period for the pH, and that's why that's a ot flatter.

If we had actual pH shown in the actual runs,

t hey woul d be horse tail plots, they would be junping up
at different times, they'd be wiggling around. But this
makes it much easier. This captures the nost inportant
effects and is much easier to handle in TSPA.

Simlarly for the co-disposal, this can go even
hi gher, and the time at which it junps varies dependi ng on
the rate of steel corrosion and the rate of glass
corrosion.

This is just a plot of the corrosion rates for
the three kinds of matrix we had in the PA, and these are
all quite conservative. The DSNF, we used a constant rate
whi ch was equal to the fastest rate observed for the
urani um netal dissolution rates. And then here is the
commercial spent fuel. |It's very simlar to the TSPA
rate. It's a function of pH And here is the high-1level
wast e glass, which is very simlar to the TSPA/ VA rates.
Al so, a function of pH.

You can see also this is versus 1/ T, that the
hi gh-1 evel waste glass is nore tenperature dependent than

t he comrerci al spent fuel
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This shows the uncertainty that was actually used
in the PA for the glass dissolution rate. | showed you
t he nom nal case, but each of the terns in the equation
actually had significant uncertainty, and this broad
uncertainty is due to the three terms. The forward
di ssol ution rate had about an order of magnitude
uncertainty. The pH dependence term had about a half an
order of magnitude dependency, and the activation term had
about two orders of magnitude uncertainty. So we had
quite a |l arge range of glass corrosion rate.

For the cladding, this is a nore conplicated
nodel , and there were quite a few assunptions. First of
all, we broke the degradation of cladding into two
conponents, two steps, the perforation step and then the
unzi pping step. Quite a few perforation mechani sns were
included. It says four here, but there's actually nore
than that. W have the initial perforations that occur in
the reactor and in transportation. Then we have the type
t hat occur quite early, the creep, which could happen
during storage and transport, or during the early heat-up
period of the repository. W have stress corrosion
cracking that can occur on the inside of the clad before
any water gets in there.

And then we have what happens | ater on when water

i nteracts, we have the |localized corrosion, and this we
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have as a function of seepage into the package where you
can get aggressive species like fluorine and chlorine into
t he package. So that doesn't really kick in until 40,000
years at the earliest.

Then we al so have a seisnic factor where the very
extrenmely rare earthquakes that happen ten to the ninus
Si X per year are strong enough to just rattle that package
enough that we assune that all the clads have cracks in
t hem and start to unzip.

And after we have the perforation, we then
rel ease the radionuclides in two steps. There's the fast
rel ease fraction, which is the gap fraction where cesium
it's about 1 per cent, and for iodine it's about 4 per
cent. And then we also release the fraction of the rod
t hat di ssol ves before the unzi ppi ng woul d occur.

When you have the perforation, you have a porous
matri x inside the cladding, it takes a while for those
surfaces to react, and then they'Il fill up a | ot of the
porosity within that package. Once they fill up that
porosity, they start to exert pressure on the clad and
start to open it up, unzip it. And during that period, we
assune that all radionuclides that reacted on those
surfaces would be rel eased at that tinme, and that ranges
fromabout 0 to .4 per cent of all the radionuclides. So

that's the fast rel ease fraction.
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Then at the unzi pping step, we assune that to
occur between 1 and 240 times faster than the CSNF
di ssolution rate. This is, as we say, it's assumed here,
it's because we haven't seen unzipping in a wet situation
or environment type hum d situation bel ow 100 degrees.

But we do have dry unzi pping at hi gher tenperatures that
we use by anal ogy, and we have zircal oy properties, and so
we nmade the judgnent that it would unzip between 1 and 240
tinmes faster than the forward dissolution rate.

Finally, the inventory was assuned to be rel eased
as the clad unzipped. |If the clads one-tenth unzi pped, we
assuned that one-tenth of the radionuclides have been
liberated fromthe matri x and avail able to be dissolved or
reprecipitated as required. And except for the fast
rel ease, it just neans that we've already |liberated that
ri ght at the begi nning.

This shows the actual performance for a given
run, which was Bin 4, which is one of the infiltration
bins, the infiltration bin that had the nost packages and
average infiltration scenario. And this shows versus the
function of regular time. This is not post-waste package
breach. This is normal time. This is the ambunt of clad
t hat has perforated, and what we can see here is that it
shows about 8 per cent at early time, and then as seepage

cones in, we start to get breach of other rods from
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| ocal i zed corrosion.

If you look at the range of cal cul ati ons behi nd
this average one, the creep, which was the ngjor
contributor, ranged from about 2 per cent to about 16 per
cent.

Okay, the unzipping rate is shown here, and you
can see it ranges from about 800 years to unzip a rod to
over 100,000 years to unzip a rod, quite a |large
uncertainty. And this uncertainty conmes from severa
effects. First of all, the uncertainty in pH gives sone
of this uncertainty, the uncertainty in the matrix
di ssolution rate, which is about one order of nagnitude,
and the uncertainty in the unzipping rate multiplier, that
1 to 240 multiplier.

So we have quite a | arge range for the unzi pping,
and actually that does turn out to be one of the inportant

factors | ater on.

Sol ubility conponent. We made quite a few
conservative assunptions. First of all, we selected pure
phases only to control the solubility. In other words, we
negl ected co-precipitation or solid solution. W also

negl ected sorption. And then we conservatively fixed the
gas pressures for the calculations we ran. For C02, it
was 10 to the m nus 3 atnobspheres, and for oxygen, it was

at nospheric.
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Here's sone of the actual abstracted solubilities
used in the TSPA. W had several types of cal cul ations.
For sone el enments, we had distributions. For instance,
for plutonium we used an anorphous pl utoni um hydroxide
phase to control our solubility, and we ran it under a
range of chem stries predicted by the chem stry nodel, and
what we got is this broad range of solubility. Notice
that the range is broader than before, but the nean is
about the sanme as 93 in the VA

Simlarly, we did that for protactinium and | ead.

Then for the elements that we had a lot nmore information
on, we derived enpirical functions where we determ ned
solubility is a function of pH or CO2 or tenperature. And
for neptunium |I'mgoing to show you that in the next
slide, it ranged fromabout 10 to the mnus 1 to 10 to the
mnus 7 nmolar. The sanme thing for americium and uranium
about 10 to the mnus 4 to 10 to the m nus 7.

Finally, we had the el ements where there were not
many good controlling solids in the database, and they're
quite soluble. So we just used one nolar as upper limt,
and that, in effect, makes it inventory limted in our
cal cul ati ons.

Al'l these cal culations that were done were done
with an EQ3/6 with a new dat abase that was based on recent

NEA data and literature. That dat abase was to be verified
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when it was run, and it should be qualified within the
next week or so.

Here's, it's a little bit busy, but this shows
you what we did with Neptunium one of the nost inportant
el ements. The red boxes here are actual data. They're
from under-saturation by Efurd, et al. And that data was
used to adjust thernodynam c database. W then used that
dat abase to run cal cul ati ons at these blue triangles.
That's the calculations we got. And then a line was fit,
and that's the abstracted function for the TSPA, is that
line that was fit.

Wel I, how does this function conpare with actual
nolarity that is used in the PAs? Over here, we can see
1995 had this range, and the TSPA/ VA had this range.

Well, in this calculation, we have two tinme periods, the
early 1000 year tine period post-package breach, and then
the remaining time period fromthat pH plot | showed you
before. And what we see here is that at early tines, the
pHis quite low, it's acid, and we have this range here
for the Neptuniumsolubility, 10 to the mnus 3 to 10 to
the mnus 1, very high solubility. And for high-Ieve
waste glass it's simlarly quite high solubility. But at
| ater time when the pH has beconme nore neutral, the
solubility drops quite a bit.

Still, all these, the full range fromhere to
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here is not that nmuch different fromthe bottom of TSPA/ VA
to the top of TSPA-95. The only real big difference is
that in the very acid regions, we've gone to significantly
hi gher solubility. But that only lasts for a thousand
years after breach in the CSNF.

This shows the uncertainty of the solubility of
Neptuniumin the actuals runs, and you can see | ooking
bet ween here and the pH, that the uncertainty in pHis
what's determ ning the uncertainty in the solubility. W
have no additional uncertainty terns in our equations.
The equations were direct determnistic fromthe pH  And
as | said before, we assune pure phases. W assunme a pure
phased control, and there were a | ot of things that coul d
make the solubilities be | ower than what we have. So the
real uncertainty would include |ower solubilities as well,
but given our conservative assunptions, this is the
uncertainty range in the PA

This is the colloid nodel, and there's quite a
few pieces to the colloid nodel. As shown in this cartoon
here, this is your backup Slide 30, and this was done by
Hans Pakenbooth (phonetic). Basically, this shows how the
i n- package chem stry affects the ionic strength and the pH
of the system And the three kinds of colloids have a
different stability, depending on the pH and the ionic

strength. And so in this part, it's determ ning the
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concentration of colloids as a function of chem stry,
which is this first bullet here.

The second bullet is irreversible colloids versus
the reversible colloids. W had two types of attachnent
of radionuclides onto colloids. W had irreversible,
which is what we see in the Argonne tests where as gl ass
di ssolves and it nakes clay colloids, there are discrete
phases of actinide bearing phases such as thorium
phosphate where all the actinide is in these discrete
phases. They co-precipitate with the clay and then settle
out, or it gets transported. W believe that those are
irreversibly attached. 1It's not a sinple desorption that
woul d renmove them fromthe colloid, and that's what the
irreversible colloids are.

For reversible, for any colloid, clay or iron
oxi de or other groundwater colloids, if you have dissol ved
radi onucl i de, they can attach and sorb onto the colloid,
or detach.

As you can see here, for the irreversible, the
attached pl utonium and anericiumonto the high-1Ievel
waste, waste formcolloids were used, and that was from
t he experinents we saw.

Then for reversible sorption, we had a | arger
range of elenents, because there's quite a bit of

experiments on the sorption of these elenents onto the
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various materials. W conservatively |eft out any
filtration or sorption within the package, although that
is somewhat counted in the concentration. For the
concentration, we have the maxi mum nobil e concentration.
If you go above that, colloids tend to coagul ate and
settle out. But once that happens, we do not allow them
to be filtered any nore, or sorbed onto the stationary
mat eri al s.

And then for diffusion coefficient, we used what
we feel is very conservative. It was only 100 tines
sl ower than free water diffusion. And that would be true
only for the very smallest colloids. Most colloids would
probably diffuse 1,000 times slower than free water, which
is what we used in the VA

Okay, that was all the assunption section, and
now we're into just pretty nmuch results. And one of the
first things that they noticed in PA was that nost of the
release is comng fromthe commercial spent fuel, as it
had in all of our previous PAs. This is the base case,
t he bl ack, and then they just cancelled out the co-
di sposal inventory or the commercial inventory. Wen they
cancel l ed out the comrercial inventory, it dropped down to
here. When they cancell ed out the co-disposal, it dropped
hardly at all.

Here is the barrier performance for the cladding.
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| don't know if you can read it well. The degraded
barrier is the 95th of the unzipping velocity, 95th of the
matri x dissolution rate, the 95th of the initial failure
uncertainty. And | believe that includes the creep
uncertainty, which was that 2 to 16 per cent, and the 95th
of the clad localized corrosion rate uncertainty.

That's the degraded, and then there's the
enhanced is the opposite. You can see there's only about
a four-fold change in these. And | believe what we're
seeing here is that the creep, the anpunt that's failed at
early time by creep, which is about 8 per cent, goes up to
16 per cent, which is only two tines higher. And it goes
down to two, which is only four tines higher. So that's
what we're pretty nmuch seeing here, is the effect of how
much we assune has failed by creep right away.

There is another slide, but it's not in this
packet, where cladding actually just all of it failed at
original time, and it's about an order of magnitude higher
than the base case, which makes sense. The base case has
about 8 per cent failed, and with 100 per cent fail ed,
that's about an order of magnitude higher.

NELSON: Can | ask a question? Nelson, Board.

VWhat is the time scale here relative to the tinme

scal e that you had showed before regardi ng waste packages?

STOCKMAN: This is the real tine scale. This is not
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relative to first breach. Now, | have a m x throughout,
so on each one, you have to rem nd yourself to | ook
carefully to see.

This is the dose to the accessible environnment.
And the reason we don't have any dose up here is there's
no waste packages failed at that point. And in this
period of tinme right here, it's nostly diffusion, and then
finally seepage gets into the package, and this is
di ffusion and evection out here.

NELSON: Thank you.
STOCKMAN:  Now, this one, it's alittle bit

m sl abeled, and it's a little bit difficult one to convey.
The problemis we wanted to show the barrier for the
radi onucl i de concentration, the barrier analysis for that.
Wel |, radionuclide concentration is of some of the
solubility and the colloidal radionuclide concentration,
but those things aren't input paraneters to be sanpl ed at
the 5 and 95. Their output is a function of the pH  So
when they did this run, what they did was in the invert,
they set the colloid stability to be the maxi mum
concentration for colloids, and then they set the Kds for
coll oids at their 95th.

But for solubilities, they couldn't set that to
95th, so what they did is they used the solubility based

on the pH in the package as opposed to the solubility
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based on the pHin the invert. And in the package, the pH
is alittle lower fromthe acid fromthe steel, and so the
Nept unium solubility is a little higher. That's why
there's al nost no change here.

This one | could talk, and | have five m nutes,
but I could talk for quite a long time on this one. |l
try to hit the salient points, and maybe you can ask nore
gquestions this afternoon.

First of all, the nost inportant thing to say
here is that colloids are not a big deal. They're an
order of magnitude | ess than non-colloidal release. And
this is release fromthe EBS. These are conplicated
partly because there is a release fromthe waste package,
and then there's release fromthe EBS, and where the
limting step is is not quite clear in this, and we're
goi ng back and | ooking at those results and should be able
to give you nore detail on that soon.

But what you see here is that there's quite a bit
of Plutonium 239 rel ease, even as soon as waste packages
are breached. And this is diffusive release, and
believe that this diffusive release is not necessarily
that of plutonium It may be its parent. Plutonium 239
comes from Americium 243, and in these cal cul ati ons,

Ameri cium 243 can go up to 10 to the minus 1 nolar.

So it may be that what we see is diffusion of
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anericiumfromthe package into the invert, where it then
decays to Plutonium 239, and then travels nore as

di ssol ved Plutonium239. So that's the first thing, is
the total release.

Then we have the reversible release, which is
this blue line, and you can see that that happens, it's
quite a bit | ower than the dissolved, which is probably
due to the lower diffusion coefficient of the coll oids.
And then there's the irreversible colloids here which
start when the seepage starts, partly because these are
just travelling and they have to diffuse, whereas, the
reversible, it's in equilibriumwth the dissolved, so it
coul d be dissolved travelled a |little, and then becone
coll oidal and then stick and travel slower, and then
redi ssolve and travel a little further. That's why the
reversi ble make it out before the irreversible, which are
just moving along as thensel ves only.

Then for the source of the reversible colloids,
we have the three types of colloids, the waste form the
groundwat er, and the iron oxides. And we can see that the
waste formis dom nant. The groundwater is next, and the
iron oxides is the lowest. These are based on quite
conservative Kds, | believe, and quite conservative
concentrations. And even so, they are nmuch | ower than

total plutoniumrelease.
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So we believe with our very conservative colloid
nodel , we've pretty nmuch put it to rest, that it's not
going to be a major deal.

One thing you mght notice, if |I'm not out of
time conpletely, is that the black Iine here, the waste
formcolloids, is the same as the blue line here. This is
the reversible colloids. Wich is basically saying that
t hese waste formcolloids that are making it out are the
reversi ble ones, and the irreversible ones, which would be
quite a bit lower, and | believe that this is a very
conservative nodel where we have in reality when we | ook
at the experinents at Argonne, the colloids are
irreversibly attached, and fromthat, we were able to get
concentration of coll oids.

Well, we then took Kds for that type of material,
clay, and said that's the Kc of that would be about a
t housand. So we have reversibly attached about a thousand
times nmore plutoniumthan what we actual ly neasured. So
that's quite conservative, and that's what we're seeing
her e.

And | think that's all | have tine for. Any
gquestions?

CRAIG Thank you, Christine. W're just about out
of time, so we'll take only energency type. Jerry?

COHON: Cohon, Board. It can't wait until this
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aft ernoon because I'll be even nore confused by then.
| don't understand this |ast curve, |ast
presentation, or what you said about it, or what you
concl uded about it. First of all, which dose rel ease
curve does this release rate curve correspond to?

STOCKMAN:  Well, this is actually the release in
granms per year fromthe EBS.

COHON: | understand that. But isn't there sone
rel ease curve, dose curve that this--sonme case this cones
fron? |Is this the nom nal case?

STOCKMAN: | believe this is the nom nal case, and
maybe Bob can help me out on that. [It's the nean case?
The nmean of the 300 runs.

COHON: Doesn't the blue line and the red line
contribute somehow in sone additive sense to the bl ack
l'ine?

STOCKMAN:  Yes.

COHON: Then how could you say that they don't matter
very much? They're a very large fraction of the total
rel ease after 30,000 years.

STOCKMAN:  Well, they're about an order of magnitude
lower. So they're only 10 per cent, or so.

COHON: What does it look |ike past 100,000 years?
Did you go that far?

STOCKMAN: | don't have that plot.
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COHON: And | m ssed sonething. | nust have ni ssed
sonet hing fromyesterday. You said seepage doesn't start
until it looks |like 30,000 years, 40,000 years?

STOCKMAN:  Yeah, about 40, 000 years.

COHON:  Why?

STOCKMAN:  |1'd have to ask Bob that. | believe what
it isis the stress corrosion cracking lets water in, lets
wat er vapor and water in.

COHON: They said drip shield.

STOCKMAN: Drip shield will not |let actual seepage
in. So what you're getting is water vapor getting into
t he package, condensing and fornming a diffusive connection
to the outside world, so you can have diffusive rel ease.

COHON:  Finally--well, actually, the other question
can wait until this afternoon.

CRAI G Don?

RUNNELLS: Don Runnells, Board. Could you refer back
to Slide Number 5? When you introduced that slide, you
said that in conparing the variability of the pH for CSNF
to that of co-disposal in the PA, we see these results.
But in the actual process nodel, the variability was
reversed. if you could explain that to ne, | mght be
able to understand a little better how we use the process
nodel s to get into the PA. What happened that in the PA,

the variability was reversed from what you observed in the
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process nodel ?

STOCKMAN:  Several things happened. One is that in
order to put it into PA, we needed to make it into
di screte time periods after waste package breach. And if
you | ooked at the process nodel version of this, you would
see, for instance, here that the tine period when it goes
up to this average ranged quite a ways. So if you | ooked
at the plot, it would be just a very--it would be a horse
tail plot. And that's just the uncertainty in the tine
bet ween the two.

Whereas, for the PA since we only had two tines,
the second tinme is the average for this period. And if
you did get up here, then the average would be right in
this area. So it was the way we just discretized the
problemas we put it into TSPA. We probably could have
made three tinme periods and we woul d have seen a little
nore of that uncertainty of the junp between the two
nodes, and that nmay have been doabl e, but that kind of
conplexity is difficult to put into the TSPA. W
certainly could not have, for each run, have a tine
dependent pH. It would just be too conplex for the code.

RUNNELLS: Thank you.
CRAIG Bullen pronmi ses to be brief.
BULLEN: Bullen, Board. On Figure 9, this is an

i ndication that 8 per cent of the claddi ng has
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perforations from 1, 000 years and beyond. What fraction
of cladding is failed at enplacenent?

STOCKMAN:  It's between .1 and 1.

BULLEN: So .1 and 1 of the fuel rods in every
package is failed?

STOCKMAN:  Yes.

BULLEN: Why don't we find those and put themall in
one package? Wiy do we have to agglonmerate it? And this
was a problemin VA because we have a coupl e of percent
that were failed, so any waste package had i mmedi ate
release. And if you want to really take clad cut, why
don't you at |east do the math and the inventory so you
can take clad cut.

STOCKMAN:  Well, in this run, this is a run where it
was of normal CSNF. It wasn't the stainless steel clad,
which in VA, as you renenber, we put stainless steel in
each of them

BULLEN: I n every package; right.

STOCKMAN:  We didn't do it this tine.

BULLEN: Okay. So you separated it. But you stil
have failed fuel?

STOCKMAN:  We still had some failed fuel. 1 could
| ook up in nmy notes. It's about .1 per cent or 1 per
cent.

BULLEN: The | ast question is that when you did the
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unzi ppi ng, when you take a | ook at the kinetics of the

transition fromUO2 to U308, that's tenperature dependent?

STOCKMAN:  Uh- huh.

BULLEN: If the packages were cool er or the cladding
never got to that tenperature, would you see that
t emper at ure dependence in your cal culations, and would you
have a significantly less transformation rate, a
significantly | ower transformation rate?

STOCKMAN: I n our unzipping, we're assumng it's
goi ng to metashopyte, because it's in less than 100
degrees, and it's in high relative humdity. So we're
assum ng that there is condensation of water, and we're
going from UQO2 to netashophyte.

BULLEN: Oh, okay. So you're not going all the way
to U308 right away.

STOCKMAN:  No, we're not going to U308 at all.

BULLEN: Okay, thank you.

CRAIG Thank you very nuch.

KNOPMAN: Just related to this, can | ask one quick
gquestion? Thank you.

Knopman, Board. Could you just quickly explain
why, for the always drip case, you would have | ess
cl adding perforated than with the intermttent drip?

STOCKMAN: That's a good question. The reason why is
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because the always drip case actually has | ower flow than
the intermttent drip case.

CRAIG (Okay, thank you. Qur next speaker is Bruce
Robi nson from Los Al anbs. Bruce has a Ph.D. in chem cal
engi neering fromMT. He |leads a team of hydrol ogi sts at
Los Al anpbs, and he's going to talk to us about the
saturated zone.

ROBI NSON:  Good norning. |'mpleased to be able to
report on the saturated zone flow and transport nodeling,
both from a process nodel point of view and al so the TSPA
abstracti ons.

Now, the nodel is significantly different than
t he TSPA abstraction in the VA, and so |'mgoing to spend
sone tinme on the process nodel as well to give you a good
pi cture of how we're using the process nodel and
abstracting it to performthe radi onuclide cal cul ati ons.

This is a slide that many of us have been
showi ng, showi ng basically the nodel being tal ked about,
and al so boiling down to the input paraneters that w nd up
in the TSPA cal culation. W're tal king about saturated
zone radi onuclide transport, which involves el enents of
flowin the saturated zone, and al so transport processes
of radi onuclides as they travel through the volcanic tuffs
and the alluvial valley fill.

So we have basically as the output of the process
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nodel , breakt hrough curves. The transport tinme and

br eakt hrough curve of different radionuclides that are

rel eased at the repository level at the saturated zone,

t he breakt hrough curve nmeani ng the concentration versus
time that would be arriving at a conpliance boundary, the
20 kil oneter boundary. Those depend on the sort of flow
processes that 1'lIl be describing, including the flux in

t he saturated zone, where you put the radionuclides into
the saturated zone, which is tied to the unsaturated zone
nodel ing, the flow fields thensel ves, which are controll ed

by fluxes and perneabilities in the aquifer.

And then you get into some transport processes in
addition to the flow processes. |In order to describe each
of these to you and how they influence things, |I'lIl have
to get into sone detail on the process nodel itself for

radi onuclide transport, and I'll be doing that in this

talk. Finally, there are sone colloid transport nodels
and processes in the saturated zone flow and transport

nodel as well.

Radi onucl i des that are released fromthe near
field waste package and engi neered barriers, and percol ate
t hrough the unsaturated zone via the unsaturated zone fl ow
and transport nodel arrive eventually at the water table,
and they are carried in the saturated zone with the flow

field that is predicted to occur in the saturated zone,
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down to a downstream | ocation, where then at a given
concentration utilizes that water at a given
concentration, and that's where the bi osphere nodeling
t akes pl ace.

So the input to this nmodel is the output of the
unsaturated zone flow and transport nodel. The nodeling
itself predicts the concentration versus tinme history at
t he conpliance boundary, which is then picked up by the
bi osphere conponent.

This is a schematic which shows the key transport
processes that are in the conceptual nodel for the
saturated zone. Large scale flow and transport is
governed by the flow field that's predicted using the
process nmodel, and so that transport occurs along the flow
pat hs of the saturated zone down to the nodel predicting
t he Armargosa Valley as being the ultimte arrival point
at a 20 kil oneter boundary.

You' ve got processes occurring at a variety of
scal es which are going to control the rate of novenent of
radi onuclides in the saturated zone.

Let's go fromlarger scale to snmallest. On the
| arge scal e, we have dispersion, both |ongitudinally al ong
the flow path, and also transverse to the direction of
flow. And those are processes which would tend to spread

out in the aquifer the radionuclides, so that even if it's
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a point source beneath the potential repository, you wll
have a spread-out distribution of concentrations
downst r eam

Going to smaller scal es now, we have sort of a
dual system with fractured volcanic tuffs conprising the
transport pathway for perhaps the majority of the flow
path I ength, and this nedium would be characterized by an
ef fective porosity that would be governed by the flow ng
fractures.

So of the entire amount of rock available for

transport, water is travelling through the fractures, and
that conprises only a small fraction of the total vol une
of that rock. That inplies shorter groundwater travel
times if nothing el se was occurring in these fractured

vol canics. However, as you go to smaller scales, in
addition to advection in the fractures, matrix diffusion
will occur. These are processes that have been detern ned

experinmentally at various field sites, including at the C

well site at Yucca Mountain, and at the present, in the
process nmodel. Sorption also can occur for radionuclides
that diffuse into the rock matrix in the vol canics.

When you get down to the alluviumvalley fil
units, a porous nedi um approach is taken in the nodeling.
That woul d give you a larger effective porosity than the

fractured nedi um case, and perhaps | onger groundwater
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travel tinmes. But we know sort of fromthe first
principles and | ots of observations around the world that
we're going to have preferential flow paths within that
systemas well. And so that's accounted for in the nodel
t hrough the distribution of the porosity that's used for
this medium So those are the key elenents that we want
to capture in our calculations.

This slide outlines our general approach for the
transport abstraction that's used in TSPA/SR. W' re using
the saturated zone site scale flow and transport nodel
directly to simulate radi onuclide nass transport, and that
transport occurs to the 20 kil oneter conpliance boundary
from four source regions that are taken based on where the
radi onuclide mass is predicted to reach the water table
fromthe unsaturated zone nodeling. So that forns our
choi ce on how we place radionuclides in the saturated zone
nodel , and then the saturated zone nodel itself takes
over, and the calculation occurs within the saturated
zone.

We use a particle tracking nodel within the three
di mensi onal flow and transport nodel to generate
br eakt hrough curves of radi onuclides. Those are carried
out using the process nodel, and a catal og of these
br eakt hrough curves are provided to the TSPA cal cul ati on,

and we use the convolution integral nmethod, really an
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expedi ent to speed up the calculations and allow us to do
t hese cal cul ati ons beforehand, so that the TSPA
cal cul ati ons thenmsel ves can just draw fromthis catal og of
br eakt hrough curves. And so that's how that is done.
Then for concentrations, the radionuclide
concentration is gotten fromthis breakthrough curve at
t he compliance boundary by dividing the radi onuclide nass
flux that crosses the boundary by the average annual
groundwat er usage of the hypothetical farm ng comrunity.
So we're taking the radi onuclides that reach the
conpl i ance boundary, no nmatter if they're spread out or
very conpact, and we are mi xing that in an average
groundwat er usage of this hypothetical farm ng comrunity
to conme up with the concentration that's then used in the
dose cal cul ati ons.
A couple other elenments. Climate change is
i ncorporated on the fly in the TSPA cal cul ati ons by
scal ing the mass breakthrough curves in proportion to the
changes in the saturated zone flux. So the assunption
there is that climte change increases or decreases the
velocity of movenent of the radi onuclides, but doesn't
change the fl ow paths thenmsel ves.
That's a |limting assunption, but nonethel ess,
it's one that | think is valid based on some of the other

uncertainties in the nodeling, and one that allows us to
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fairly sinply incorporate climte change.

Finally, there are sone radionuclides which are
not anmenable to this entire approach, and those are the
ones that undergo decayed chai ns where you have to track
the entire chain. And so in addition to all of this
approach that | described here, there's an abstracted 1-D
transport nodel to handl e the decayed chai ns.

| wanted to discuss how that approach differed
fromwhat we did in the viability assessnment to give you a
pi cture of where we've come fromthe VA

The key difference | think is that the three
di nensi onal SZ site-scale flow and transport nodel is
bei ng used directly as opposed to a nore stylized one
di nensi onal streantube approach that was used in the
TSPA/ VA.

For concentration, in the VA, we assuned the
concentration within that streamin situ to be the
concentration of interest. Now we're using the approach
of taking the mass flux at the boundary and applying this
mxing within the water drawn fromthe aquifer by the
hypot hetical farm ng community.

Ot her aspects of the nodeling that's different is
t hat some of the processes, including matrix diffusion,
are explicitly simulated in these cal cul ati ons as opposed

to sinply using an effective porosity to capture all of
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that detail. So |I think we've got additional detail
warranted by the data that's been coll ected, say, at the
C-wells to be able to include matrix diffusion as a
process.

The particle tracking nethod, as | nentioned, is
what we're using to actually carry out the cal cul ati ons.
That's contrasted to a finite element 1-D transport within
the streantubes that was used in the VA

And then finally, in the area of data and
differences in the paraneterization of the nodel, there is
now m nor sorption of technetiumand iodine in the
al luvium based on data that was collected frommteri al
fromone of the alluvial wells drilled by Nye County.
There was no sorption of those elenments in TSPA/ VA

This describes the site scale flow and transport
nodel . |1'mgoing to spend a couple slides telling you
about that nodel in preparation for showi ng you sone
radi onuclide transport results. |It's a three dinensional
nodel using FEHM software code, and its dinmensions are 30
by 45 kilometers, and al nost 3,000 neters bel ow the water
t abl e.

It's based on a hydrogeol ogi ¢ framework node
that's consistent with the unsaturated zone and ot her
geol ogic modeling that's occurred within the area that

t hat nodel exists, but then the hydrogeol ogi c framework
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nodel for this nodel al so extends out beyond that. So a
new effort was undertaken in the |ast few years to come up
with that geol ogi c and hydrogeol ogi c descri ption.

Grid spacings of about 500 nmeters in the
hori zontal X and Y directions, and a variable resol ution
of from 10 neters to about 50 neters in the vertical
direction is sort of the basics of the nunerical grid.
The nmodel is calibrated, and I'Il talk about the data
that's used in that calibration in a monment. It's
calibrated in automatic inversion in which a commerci al
sof t ware package, PEST, is used to adjust the paraneters,
and you zero in on a best fit, using techniques that are
used in that sort of an autonmated inversion process.

Now, the calibration itself and the subsequent
"1l call it validation, but it's really cross-checking
with other types of information is what 1'lIl describe in a
coupl e of slides here. The basic calibration targets are
wat er | evel neasurenents in wells, and there was al so
targets of sinmulated groundwater fluxes at the | ateral
boundaries. W want to be able to capture the head
di stribution, but in order to get travel tinmes accurate,
that's not enough. One has to also try to anchor this
nodel based on what we think the groundwater flux through
this portion of the basin is, and that's done through

| ooking at the regional scale nodeling and applying those
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results to our site scale nmodel. [|'Il show you that in a
second.

We've also got I'Il call it softer data. We
infer flow paths from hydrochem cal data. W want to nmke
sure that features of groundwater systemthat we think are
i nportant, such as a upward hydraulic gradient fromthe
carbonate aquifer, are captured in the nodel. And also in
t he process of calibration, we set ranges for what we
think the pernmeabilities of these various units can be
based on measurenents, and we neke sure those are honored
in the calibration process.

And then finally, estimtes that have been nade
for the specific discharge in the volcanic aquifer, we've
done a cross-check of the nodeling to make sure that that
specific discharge is falling within an appropriate range.

These are the well data used in the flow and
transport nodel calibration. There's 115 water-|evel
measurenents used to calibrate the nodel. That includes
t hese red dots, which are the Nye County well drilling
program That includes six water-|evel neasurenments from
Nye County.

The solid red dots are conpleted wells, and the
ones that are the open ones are planned, and these are in
progress. So we're continuously updating the nodel,

filling in an inportant data gap that we had, and that's
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sort of hanmpered the ability of us to really cone up with
a good description of the groundwater system here, and
that data is really paying dividends.

Anot her way that it's paying dividends is that
we're carrying out sorption tests and have done that in
the | ast year or so fromsanples in the alluviumfrom
three Nye County holes, and determ ned the sorption,

t hough small, is, we think, non-zero for technetium and
i odi ne.

And as | said, the ongoing work in the Nye County
drilling programis continuing to add information to fee
thi s nodel .

In addition to matching water |evels, one needs
to, as | say, anchor this nodel in with sone estinmtes of
what we think the flux through this region is. And we
used the regional scale nodeling that was carried out
several years ago in the project by Frank D Agnese and
Associ ates. We used that as a calibration target so that
we nmake sure that that nodeling at the regional scale is
consistent with the nodeling that we're carrying out here.

This is a site scale nmodel domain split up into
several regions in which we use sone of these as
calibration targets, and other just as a cross-check, a
conpari son between the regional nodel fluxes and the site

scal e nodel fl uxes.
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In the site scale nodeling, we're fixing heads on
t he outer boundaries, so we're not actually plugging in
the flux fromthe regi onal nodeling, and there are good
reasons for that related to different nodel formulations
of those two nodels, regional versus site scale, that
require us to do sonmething not quite as formal as sinply
taking a flux froma regional nodel and plugging it right
into this nodel. But what we're doing here is conparing
fluxes fromthe regional nodel with the site scale fluxes.
There are several good reasons why these nunbers

woul dn't agree exactly, but in a general sense, if you
| ook at, for exanple, the south boundary, the anmount of
wat er passing through this boundary here in the site scale
nodel is of the sanme magnitude as the regional scal e nodel
result. And this is kind of the level that we're
conparing these nodels and maki ng sure that they're
consistent. There are very good reasons why, for exanple,
WL woul dn't necessarily agree exactly between the regional
and site scale nodels. But on a gross sense, | think the
fluxes conputed fromthe site scale nodel agree with the
regional nmodel, and |'m saying to within the accuracy
warranted by this sort of a conparison

KNOPMAN: Excuse nme. Wiy do you have kil ograms per
second for flux?

ROBI NSON:  Well, that is--you know, that's a flow
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rate of water over the entire depth in the Z direction of
this line right here. So it's a three dinmensional nodel.
You' ve got a given depth of this nodel, and we take the
water flow rate that's entering along the face of each of
t hese.

KNOPMAN: | just neant as opposed to volunme. VWhy are
you using a wei ght per second?

ROBI NSON:  Well, that's kind of the fundanmental --you
know, nmass is conserved, not volune. So, you know, when
you get into, for exanple, density variations with
tenperature, it's--all codes basically at the core of a
flow code, you're nodeling mass fluxes, not volunetric
fl uxes.

Hydrochem stry information is used to constrain
the fl ow nodel as well, and what we're assuning here is
that we can take trends in the chem cal data and use those
to delineate |large scale features in the groundwater fl ow
paths. And this diagram shows sone fl ow paths which have
been di scerned fromnot just the chloride concentration,
which is what's depicted on this slide, but also species
such as isotopes and other major iron chenmistry to really
map out where we think on a large scale, the flow is going
based on chem stry.

The way this works basically is that one tries to

draw a flow | i ne based on, say, |ow concentrations of
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chl oride through this region of the nodel domain right
here versus nuch hi gher concentrations, which kind of are
bracketed by this flow path out here.

The flow nodel results that we obtained using a
cal cul ation of particle tracking are consistent with the
flow patterns that we are deducing and sort of just
drawing on the map in this type of a diagram They're in
qualitative agreenent in the hydrochem cal data, and
that's how the hydrochem cal data is kind of factored into
t he devel opment of the flow nodel.

This is a flow and transport result of the nodel.

This is the topography of the saturated zone npbdel, and
this is the predicted head distribution, the relief, the
predi cted head distribution within the nodel. The
repository sits here, and the 20 kil ometer boundary out
her e.

These are streamines fromvarious |ocation
rel ease points beneath the repository to the 20 kil oneter
boundary. Transport in general is south and west, and
then turns south along Forty MIle Wash, as predicted in
t he nodel .

The particle tracking nmethod not only maps out
flow stream i nes, but also includes radionuclide transport
processes in addition to advection, dispersion and matri x

di ffusion and sorption as well. What you' re | ooking at
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here are stream ines of only the advective conponent of
that, just to show you the general shape of the plune
that's predicted from points downgradi ent fromthe
repository.

In the third dinmension, the Z dinension, the flow
paths in the repository occur within the upper few 100
neters of the saturated zone. This is a consequence of
t he upward gradient that's captured in the nodel. And the
20 kil oneter fence in this nodel, the prediction is that
the 20 kil ometer fence, the flow paths cross about five
kil ometers west of the town of Armargosa Vall ey.

Getting to the uncertainty of the transport
predi ctions, we've got flow and transport paranmeters that
are vari able and stochastically generated in the nodel.

For flow, there are three discrete cases of groundwater
flux that are used, and probabilities are based on expert
elicitation results for that.

There's an ani sotropic and an isotropic
pernmeability in the volcanic units, which turns out
doesn't matter too nmuch to the predictions, but it's
i ncluded because it was brought up as an issue of concern
during the devel opnent of the nodel.

There is uncertainty in the alluvial, transition
bet ween the vol canic and the alluvial zone, and to capture

t hat uncertainty, we have a variable size of that alluvial



© 00 N o 0o A~ W N P

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

372

unit. "1l get to that in the next slide. But it's an
i nportant uncertainty that we've captured. It's a
hydr ogeol ogi ¢ uncertainty based on the current data.

Then you' ve got the pure transport paraneters
that basically affect the matrix diffusion nodel and al so
the sorption nmodel in the volcanic units and also in the
alluvium And then finally, there are sone colloid
paraneters that conme out of the way that we're nodeling
colloids, basically as two separate entities. One where
the radionuclide is irreversibly attached to coll oids, and
then another in which there's a reversible
attachnment/det achnment type nodel for the coll oids.

This is the alluvial uncertainty zone. Like |
say, we don't know exactly where this zone goes fromthe
alluviumto volcanic, and that's an inmportant paraneter
because in the alluvium we expect |onger travel tines and
so, therefore, by varying essentially this line in the
east/west direction, we capture that uncertainty.

VWhat that boils down to is that based on the flow
paths fromthe repository to the 20 kil onmeter point, the
flow path length in the alluviumvaries fromabout 1 to 9
kil ometers, and that's a significant uncertainty.

This is an exanple result. It's Neptunium 237,
which if you recall from Bob Andrews' tal k yesterday, was

one of the key radionuclides out to the 100,000 year tinme
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of a sinulation. These are all the sinmulations capturing
all the uncertainty in flow and transport paraneters in

t he saturated zone, and these are breakthrough curves
where zero is the time that a radionuclide reaches the
wat er table, and the breakthrough to one neans that it's
all reached the conpliance boundary at a given tine.

The travel tinmes are shown in a histogram form
here, down here, and about half of those realizations of
neptuni um exhi bited medi an travel times, the 50 per cent
br eakt hrough time of greater than 10,000 years, and the
ot her half, less than 10,000 years.

|'"d like to show how that plays out in terns of
the behavi or of the saturated zone in terns of the
degraded behavi or versus the enhanced behavior. Sone of
t he other presentations have | ooked at this.

For the degraded behavior, we're taking the 95th
percentile for all of the SZ flow and transport
paranmeters, but only a few of themreally matter, as |'1l|
show in a second. For the enhanced behavior, the 5th
percentile.

This was the plot | had previously, and | think
it goes a long way toward expl aining the results here.
This is dose rate versus tinme for the base, called the
base case here. W were calling it the nom nal case as

well. The degraded SZ flow and transport barrier is
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al rost identical to the base or nom nal case, and that's
because when you get into degraded behavior for, say, a
neptuni um you're tal king about travel tinmes on the order
of less than 1000 years. Well, that's no different in
ternms of performance from a nmedi an case of about severa

t housand to 10,000 years, because the only thing the
saturated zone really is doing is displacing in time the
time at which the mass arrives at the conpliance boundary.
And whether that's 1,000 or 10,000 years on a scale like
this, really doesn't nake any difference.

When you start to get into the enhanced SZ fl ow
and transport barrier, you' re talking about travel tinmes
up in the greater than 100,000 year range for something
i ke neptunium And so effectively what you're doing in
this blue curve is you' re taking neptunium out of the
pi cture by saying that for the enhanced transport
behavior, 1've got travel tines in excess of 100, 000
years, and that's what this nmodel is predicting for
nept uni um

So when you take neptunium one of the npst
i nportant radionuclides, out of the dose rate, then you're
only getting contributions fromthe |ess strongly sorbing
radi onuclides |ike iodine and techneti um

So, therefore, the enhanced behavi or shows

signi ficant inprovenent, whereas, the degraded case was
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essentially the sane as the nom nal case.
The next slide is a summary, which I will allow
you to read. And thank you very much

CRAIG (Okay, critical questions? Don Runnells, go
ahead.

RUNNELLS: Runnells, Board. What do you see as the
nost significant gaps in your | guess database for the
nodel ?

ROBI NSON: There are several. The extent of the
al luvial zone, which really control s--our know edge of
that really controls how much of the flow path occurs
within the alluvium W're on the road toward reducing
that uncertainty with the drilling of new wells. But
that's a key uncertainty.

The other, | think that in addition to anal yses
li ke this where you' re taking an uncertain paraneter and
seeing how it affects the results, those are inportant,
but | think conceptual nodel uncertainty is also
i nportant. And sone of the testing that's going to be
com ng down the line, for exanple tracer testing in the
alluviumto conpl enent our tracer testing that occurred in
the volcanic tuffs, is another area where |I think the
nodel uncertainty, and |let ne say the confidence that we
have in these results will inprove greatly when we have

field evidence of transport in the alluvial systemto
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conpl enrent what we've done at C-wells in the vol canics, as
wel | as the areas.

CRAIG W're going to have to nove on. Thank you
very much, Bruce. You' ve sure conme a |long way from
TSPA/ VA. Very inpressive.

Qur next speaker is John Schmtt, who will talk
about the biosphere. John is the M&O Manager of the
Bi osphere Section in the Regulatory and Licensing Ofice
of the Yucca Mountain Project. He has background in
envi ronnental health science and health physics, and sone
27 years of experience in the nuclear industry, and your
allotted tinme is 15 mnutes. |[|'Il warn you after ten

SCHM TT: Thank you. |'m John Schmitt, and | have
the privilege of presenting to you, and presenting to you
the work of a very talented team who devel oped 15 anal ysi s
and nmodel reports that are used to create the biosphere
process nodel .

Finally, in this nodel, we hypothesized that the
radi oactive material escapes the system and interacts with
people. Now, admit it, that's what you came here to hear
about .

On this side, we see a table taken fromthe TSPA
present ati on of yesterday, which shows the biosphere
conponent within the context of the TSPA. The bi osphere

provi des the highlighted areas. W provi de annual usage
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of groundwat er and BDCS by radi onuclide for 18
radi onucl i des, and then for an additional five
radi onucl i des that support the mllion year cal cul ations.

And we do this for six prior irrigation periods to take a
| ook at build-up, and that's for the nom nal scenario
cl ass.

The BDCS that we provide, in biosphere, we do not
provi de the doses. The doses are calculated in the TSPA.

I n bi osphere, we provide conversion factors, biosphere
uni que factors that allow us to convert from concentration
comng fromthe SZ nodel, to calculate doses. So this is
a conversion factor.

The units are mllirem per year per picocurie per
liter for the nom nal scenario case by radionuclide.

These conversion factors, biosphere dose conversion
factors, are also usable for the human intrusion situation
where effectively, you have down borehol e contani nati on of
t he aquifer.

And for the volcanic eruptive case, biosphere
provi des to TSPA BDCS by radi onuclide, and we provide soil
removal information also. Here, the units for the
bi osphere dose conversion factors are nmllirem per year
per picocurie per square nmeter of material deposited on
t he surface through the eruptive event.

And |i ke the other process nodels, we perform
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explicit evaluation of FEPs to inprove the defensibility
of the TSPA to perform for the SR

Di scussion of the assunptions for the biosphere
nodel should begin with recognition that the docunents
t hat we nust conply with, DOE Gui dance and the proposed
EPA and NRC regul ati ons, provide substantial definition of
t he bi osphere. This results in fewer assunptions in order
to construct the biosphere of interest.

For exanple, central to nodeling the biosphere
are the critical receptor and their environment, and these
are partially prescribed in the proposed regulations. The
basis for doing this is discussed in the material for the
proposed regul ati ons, and two quotes are provided here
from each of the regul atory agenci es.

The premi se is that one would define carefully
sel ected applicable characteristics that can be reasonably
bounded and that would otherw se be subject to unlimted
specul ati on.

Anot her type of assunption used is methods to
sel ect values to represent the behavi ors and
characteristics of the receptor of interest. These are
devel oped based on denographic survey information. Sone
of it direct fromsurveys that we did, and other of this
i nformation from denographic materials avail able that are

applicable to the receptors of interest.
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For the nom nal scenario case, the sole
cont am nant considered is groundwater coning up through
the water well, and this is done, and the basis for this
assunption is in other process nodels precedi ng bi osphere
nodel , there were no other significant rel ease pat hways
identified for licensed material entering the biosphere.

There was sone di scussion about what to call this
scenario. In the biosphere area, we called this the
groundwat er contani nati on scenari o for biosphere purposes
only, and it is usable for undisturbed perfornmance of the
potential repository and for sonme disruptive events, such
as seism c events and human intrusion.

For the vol canic eruptive scenario, we assuned

t hat there was exposure during the vol canic event, that

is, the popul ati on does not | eave the area, they're
exposed to the ash fall, and this is based on anal ogous
experi ences, and we al so used increased air dust

concentrations after the volcano. And in TSPA, we used
qui te conservative dust concentrations, and these are
done, and the basis for this is that this is a reasonably
conservative approach

Regardi ng differences between the viability
assessment and what we did this tine in this PMR, and as
it feeds the total system performance assessnent for the

site recomendation, these are two of the principal
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differences. The critical receptor is different this
time. In the viability assessnent, we assuned a rural
residential farmer, whereas, this tine, we're instructed
by the regulations to use the average nenber of the
critical group, and the reasonably naxinmlly exposed
i ndi vi dual

For food ingestion, in the VA, we assuned that 50
per cent of the diet cane fromlocally produced foods.
Whereas, this tinme around, for the average nember of the
critical group in the RVEI, we are basing our food
i ngestion, |ocal food ingestion, on the survey results
t hat were obtained for people who live in Armargosa
Valley. And, in fact, we found that people in the Valley
who have gardens are nore apt to eat additional quantities
of locally produced food, and so we used the food
i ngestion values for that subset of the population in
order to characterize the average nenber of the critical
group in the RMEI.

Anot her difference, another two differences are
shown here. In the VA, we did not take a | ook at
radi onuclide build-up in soil and renmoval of the
contam nated soil. \Whereas, this time around, we did
nodel and incorporate those paraneters. And for annual
rainfall, in the case of the VA, we used current rainfall

and then applied a factor of two and three tines nore
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rainfall. In this case, this tinme, we used current
rainfall. For the biosphere nodel only, we used current
rai nfall.

Okay, regarding sensitivity, in the process npde
report exercise, we did some sensitivity anal yses and
| ooked at quite a few things. But the principal
intelligence that we were after was pat hway, how nuch does
pat hway--whi ch pathway is the nmost inmportant. For the
nom nal scenario class, we found that ingestion accounts
for essentially all of the contribution to the biosphere
dose conversion factors. And, in fact, drinking water and
| eafy vegetabl es are the subgroups within that ingestion
that contribute the nost.

It was fairly consistent across the radionuclides
t hat about 60 per cent of the contribution to the
bi osphere dose conversion factor was from drinki ng water
and about 35 per cent was fromeating | eafy vegetabl es.

So that's a total of 95 per cent there.

The inhal ati on and external exposure were not
significant, 1 to 3 per cent generally. So that left the
remaining 2 to 4 per cent of the contribution to the
bi osphere dose conversion factor to be fromthe ingestion
of other foods other than |eafy vegetables. There were
seven ot her food groups.

For the vol canic eruptive scenario, we found that
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soil ingestion and inhalation dom nate for nost
radi onuclides. This was |l ess consistent across all the
radi onucl i des, but in general terns, 20 to 75 per cent of
t he dose contribution to the biosphere dose conversion
factor was due to soil ingestion, and 12 to 37 per cent
was due to inhalation. Only in the case of Strontium 90
and Uranium 232 and 233 were the vegetabl es inportant.

In the TSPA, sensitivity anal yses were done, and
a degraded barrier |ike case was performed. The BDCFs of
course are unrelated to barrier performance. But a 95th
percentile situation is hypothesized, and the dose
cal cul ated to assess sensitivity, and a 5th percentile
case is also run

This figure provides insight into the sensitivity
of the nom nal scenario class dose rate to uncertainties
in the values used for BDCFs. |t conpares the base case
with the 95th and 5th percentile val ues being used. And
t he dose rate cal cul ated using the 95th percentile val ues
is approximately a factor of two higher than is the case
for the mean dose rate.

This ends the prepared materials that | have.
The Chairman is smling. [|'lIl entertain questions at the
Chai rman' s di scretion.

CRAIG Thank you very, very nuch, John. That's

right, we have anple tine for questions. Go ahead, John
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Kessl er.

KESSLER: The change in the receptor, are you now
assum ng that the critical group is 100 per cent
consunption of all |ocal produce, or are you still
assum ng sone inportation?

SCHM TT: Yes, sone inportation. W used an actual
survey that we conducted to find out the dietary habits of
t he popul ation, and we used that directly.

KESSLER: Okay.

SCHM TT: No assunptions. All directly out of the
survey.

KESSLER: Okay. One thing you didn't talk about at
all was dust resuspension fromthe vol canic ash thing.
Maybe we should wait on that one, because | know that's
one that's causing problems, but it's up to you.

CRAIG That sounds like it m ght be a good one for
this afternoon.

KESSLER: Okay.

SCHM TT: Very conservative, though, what we did.

CRAI G Dan Bull en.

BULLEN: Bullen, Board. You say the primry pathway
is leafy vegetabl es and dri nking water?

SCHM TT:  Yes.

BULLEN: When we were at Anmamrgosa Valley, we saw a

big dairy. Did you take a | ook at the m |k pathway and
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its bio-accunul ation, and the kind of doses you could get
associated with that?

SCHM TT: Yes, we did. lodine of course is a
principal contributor to that pathway. | don't have on
the tip of ny tongue the val ues, but yes, we definitely
| ooked at the m | k pat hway.

BULLEN: And it was less than 4 per cent? Because
you' ve added all those up, so it's a small number? |
guess | just find that surprising.

SCHM TT: Yes, it is a small nunmber. Yes, here we
go, mlk, effectively zero val ues except for three
radi onucl i des, Technetium 99, about an 8 per cent
contribution, |odine 129, about a 4 per cent contribution,
and Cesium 137, about a 2 per cent contribution.

BULLEN: Okay, thank you.

CRAIG O her questions? Debra Knopman?

KNOPMAN:  Knopman, Board. Could you just clarify the
assunpti ons about rainfall? You say now you're using
current rainfall. Wat about your various climte
scenarios that are used el sewhere?

SCHM TT: Right. As the other presentations for the
ot her process nodel s have indicated, they have used
varying rainfall, you know, included in infiltration, and
beconmes inportant. The rainfall change, which is about

four inches per year for those various scenarios that are
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envi sioned for clinmte change, an additional four inches
per year or so.

In the biosphere nodel, it would be of interest
only insofar as it changes the exposure to contam nants.
It's less central to the nmodel than it is for some of the
ot her nodel s.

On the face of it, nore rain could nean |ess
irrigation with contam nated water, potentially
cont am nated groundwater, and it could nmean greater
| eachi ng of contami nants out of the soil by the fresh
wat er instead of the possibly contam nated groundwat er.
So we believe what we've got is a conservative scenario by
assum ng current rainfall

CRAIG Okay, thank you very nuch, John.

SCHM TT: Thank you.

CRAIG Oh, | beg your pardon. Jeff Wbng.

WONG. Jeff Wong, Board. Why does the soil pathway
dom nate for the vol canic disruptive event, soi
i ngestion?

SCHM TT: Right. Soil getting into the body by any
mechani sm because here we've got, in that scenario, we've
got contam nated ash on the ground, and at least only in
the process, it's easy to envision this ash, this
contam nated soil becom ng airborne. And so quite a bit

of that is frominadvertent soil ingestion or purposely
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eating soil. There are some people who do that. But also
frominhal ed material which eventually travels through the
gut, and is contributed--or the ingestion pathway is what
contri butes.

So for the particles that are |l ess than 10
mcrons in size, they will dose the |ongest, but the
particles that are greater in size than that, up to about
100 microns, get caught in the passages and eventual ly
passes through the gut.

WONG. So the irrigation or the groundwater pathway
versus the vol canic atnmospheric deposition pathway is just
a greater source tern? | nmean, with tinme, as you have
increased irrigation, still with time, the build-up in the
soil will be less than that versus the vol cani c pat hway?

SCHM TT: It depends. Let nme try to answer your
question, and then help ne to do it better.

In the vol canic scenario, we're | ooking at the
pat hways or the nmechanisnms for exposure to vol canic ash
that is contam nated. W can assume or not that the
groundwater is also contam nated, and then we can add what
we did in the groundwater scenario to the volcanic
scenario, if we want to assume that the groundwater is
contam nated. But the groundwater is not contam nated at
t he point that the eruption occurs. The groundwater, and

irrigating with the groundwater, actually has the effect
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of washing the contam nants that are in the ash down
deeper into the soil and away fromtheir ability to expose
i ndi viduals in the environnent.
Did that get the question?

WONG |I'mtrying to understand, | think I do, the
vol canic disruptive, that particul ar pathway provides a
| arger source termin soil than the irrigation, or from
groundwater. |'mtal king about soil build-up. And so,
t herefore, the ingestion pathway dom nates in the vol canic
scenari 0?

SCHM TT: The inhalation or soil ingestion.

WONG. Soil ingestion and inhal ation.

SCHM TT: Right. Yes.

WONG.  Ckay.

SCHM TT: More so than eating foods that are grown in
the ash. There's a nmuch greater contribution fromthat
i nhal ati on pat hway, which is another expression of soi
i ngestion, than is the case for ingesting foods that are
grown in the contam nated ash

WONG. WAs there ever any consideration for the use
of the manure from like, the dairy farns, or if cattle
were grown as a fertilizer for the crops, and then having
t he radi onuclide recycl ed?

SCHM TT: No. No, we didn't do that, Jeff.

CRAIG Okay, thank you, John.
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SCHM TT: Thank you.

CRAIG Qur final speaker in this session on TSPA/ SR
conponents is Kathy Gaither from Sandia. She's Project
Lead on the disruptive events process nodel report. She's
a geol ogist by training, with over 20 years experience,
i ncluding ten years at Sandi a wor ki ng on nucl ear waste and
envi ronnental restoration projects. She'll talk about
di sruptive events.

GAITHER: Hello. |I'm Kathy Gaither. The disruptive
events PMR group of analyses is performed by quite a few
people. 1'Il be representing their work here today.

The goals of the presentation are to describe
di sruptive events analysis for TSPA/SR.  Qur group of
anal yses are a little bit different than the others, in
t hat we focused on devel opi ng conceptual npdels and
constraining processes, and recomrendi ng groups of
paranmeters that could help conceptualize these nodels.
Abstraction took place nore in the PA arena, so you won't
see as nmuch presentation of lists of paraneter val ues and
abstraction processes. Again, we were conceptualizing
processes in this area.

We | ooked at two | arge groups of geol ogic
processes, seismcity and structural deformation. The
framework for nost of our anal yses was features, events

and processes exam nation. These features, events and
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processes were a subset of the | arge FEPs dat abase for the
project. The distribution of the processes we were to

| ook at occurred through interactions in workshops early
in 1999. And | will present the lists of sone of the
primary FEPs so that you can see the types of things that

we | ooked at.

The second group, |arge group of analyses, was in

the area of volcanism |'mgoing to describe the TSPA/ SR
treat ment of vol canism and present dose results for

vol canic events. | saved the sensitivity anal yses for
back-up slides in the interest of time, but those are in

there for quite a few of the process nodel factors.

These are the process nodel factors introduced by
Bob Andrews yesterday. |'m presenting the ones, of
course, related to disruptive events. There are three

process nodel factors here; seismic activity in which we
| ook at the probability of seismcity and structural
def or mati on.

In the volcanic release area, we | ook at the
annual probability of igneous intrusion, atnospheric
transport paraneters, the probability that an intrusion
will result in one or nore eruptive events, or vol canoes,
and the nunmber of events that would intersect the
repository.

We al so recommended to PA win direction, w nd
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speed factors. The bi osphere dose conversion factors cone
into this analysis, but as you just saw in the
presentation by M. Schmtt, that's in another group of
anal yses. And the factor to account for radionuclide
removal fromthe soil is also in the biosphere group of
anal yses.

We | ooked at the intrusive indirect rel ease,
annual probability of igneous intrusion, this is the
groundwat er pat hway, and the nunmber of waste packages
damaged by intrusion. You'll see sensitivity analyses for
this list here in the back-up slide.

"1l start tal king about the group of anal yses we
call seismcity and structural deformation. 1In the area
of seismcity, the primary geol ogi c consequence of concern
is vibratory ground nmotion. |In the area of structural

def ormati on, we | ook at fault displacenment effects.

We exam ned three primary features, events and
processes in this area. Sone of those will be presented
on ny next slide. The general topics of analysis are the

areas of tectonics, seismcity, fractures, faulting, and
hydrol ogic effects. You'll see a |ot of these are

overl aping, and there's sonme discretization of |ooking at
t hese. However, we al ways nake sure that they cross-nmap
well to each other and that we've had consi stent

assunpti ons.
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In other words, tectonics is a pretty big topic,
and we've broken it down into | ooking at faulting and
seismcity as subsets of that.

" mgoing to discuss the general conclusions with
t he next viewgraph, but this is a summary of the
conclusion in three big areas that we | ooked at. You
shoul d know that the basis of a lot of the information we
used for these anal yses canme from an expert elicitation
t hat was conduct ed under the sane paraneters as the PVHA
was, which was di scussed yesterday. The expert
elicitation in this area was the probabilistic seisnic
hazard anal ysi s.

This anal ysi s devel oped hazard curves for fault
di spl acenent and ground notion. These hazard curves were
expressed in the probability, the annual probability of
exceedence of a given level of ground notion, peak ground
accel eration, peak velocity, or spectral acceleration, and
fault di spl acenent.

In addition, by the way, there were eight AVRs in
the calculation in this group of analyses. Two of our
AMRs provided additional information, an expanded
analysis, if you will, to support FEP screening in this
area. One of the AMRs exam ned the effects of greatly
changing fracture apertures in the intrabl ock area.

We present our geologic picture in this AMR for
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fractures, and then we make a nodeler's assunption, and
the UZ 3-D fl ow nodel was used to exam ne the effect of a
ten-fold increase in fracture aperture throughout the
intrablock area, and it was found that it had no
significant effect on UZ flow.

Anot her of the AMRs | ooked at fault displacenment
effects. The design for the repository incorporates
set backs from known faults. However, one of our anal yses
perforned | ooked at a what if scenario, if a normal or
reverse fault or strike slip fault were to cross the
drifts, |ooked at effects on the waste package and the
drip shield, and found that there was no significant
effect to performance.

This is a list of sone of the primary FEPs in the
seismcity and structural deformation area. You'll find a
few nore of these appended to the |ist headed Vol canic
FEPs in your backup viewgraph

Tectonic activity, large scale, the effects of
pl ate novenents. We primarily |ooked at the ultinmate
effect on UZ and SZ flow and transport. And given the
slow tinme frame of this type of effect, we were able to
excl ude these based on | ow consequence over the period of
regul atory concern.

For both fractures and faulting, included in the

TSPA was the existing influence of fractures and faults on
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UZ flow and transport. You've already seen that discussed
by Bo and by Bruce. Excluded, based on our anal yses, are
changes in the characteristics of the faults and
fractures, and the resulting changes in UZ flow and
transport. Those were exan ned and found to not have a
significant effect.

Faul t novenment shears waste container. This one
was elim nated because exam nation of the faults in the
area, we have quite a bit of data there, shows that a
maxi mum expect ed novenent in a single event on a |arge
bl ock nounting fault, such as the Solitario Canyon, is
only on the order of about a neter. And when you have a 5
neter drift and a very robust waste package, this is not--

we found it's not a concern.

In the area of seismic activity, you can see here
that you'll have sonetinmes a very broadly stated FEP, |ike
seismc activity, and we try to be careful about telling

whi ch aspects we | ook at under that one, and then we | ook
at these different aspects under sone of the others. So
sonetimes these are spread over several FEPs, but at a
hi gh | evel, you've seen in the past presentations, that we
did include the anal ysis of shaking of the package from

vi bratory ground notion on the internal contents of the
package. The package itself is robust enough not to fai

the entire package fromthis vibratory ground notion. But
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we did have a cl addi ng breakage anal ysis that showed sonme
effect fromvibratory ground notion.

And in the area of one of the hydrol ogi c FEPs,
hydrol ogi c response to seismic activity, by this, we
| ooked at potential changes in groundwater table
el evations fromthe noderate | evel earthquakes that we've
seen in the Yucca Mountain area. These effects have been
found to be transient, and not significant to performance.

Vol cani sm area, we had eight primary FEPs. Those
again are found in one of your backup viewgraphs. And we
were able to elimnate three of them One of those, for
instance, is the release of waste in the effusive flow of
| ava on the surface. This flowis expected to be of a
very limted extent, and isn't going to expose the
critical group 20 kilonmeters to the south.

Anot her one was the effect of potential dike
enpl acenent in the saturated zone away fromthe
repository. This was exam ned during VA. W did
sensitivity analysis on it and found that it would have
virtually no effect.

' mgoing to show a viewgraph later that shows
t hese dikes are only a nmeter or neter and a half wide. So
t hough they may be kil ometers | ong, they're not
extensively wi de and woul dn't create a | arge perturbation

in the flow system
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We used, again, for volcanism a great deal of
support from an expert elicitation which was discussed in
detail yesterday. W particularly relied on the results,
the probability results there. As you'll recall, there
wer e hazard curves devel oped for the probability of
intersection of the repository by a dike.

One of our AMRs, Frank Perry and Bob Young's
wor k, summarized the results of the expert elicitation in
order to help better focus, the key concepts that we used
to underpin our conceptual nodel of volcanism | thought
t hat was very hel pful considering sonetinmes these expert
elicitations are very detailed and difficult to abstract
what it is we're using as the key points. So that was
done.

That sanme AMR updated the probability val ues
based on the current repository layout. |It's different
now than it was during the tinme of the expert elicitation,
and also in that AVR, Frank Perry exam ned the potenti al
i npact of sone of the newer data that has cone out since
the expert elicitation, sone things indicating possibly
different strain rates, crustal strain rates, or the
presence of buried anonalies. And in the AMR it presents
reasons why these would have no significant inpact on our
current assunption.

Anot her AVMR, Craig Valentine's work, added some
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consequence data that we needed to inprove our consequence
nodel s over those of the VA. | think we've made sone
substantial inprovenents here, and we produced paraneters
for probability and consequence then for these types of
processes. Again, renmenber we're constraining processes,
hel pi ng vi sualize these processes, and presenting
paranmeter |lists and ranges of values that PA can use to
characterize them

For a dike intersecting the repository, conduit
within the repository, the eruptive process, ash plune,
and the interaction of magma with the repository. Wereas
this first one was covered pretty thoroughly in the expert
elicitations, the others got a much |lighter treatnment, but
they're processes which we need to constrain in order to
envi si on exactly what goes on during a vol canic event in
t he repository.

Finally, we had an AMR that brought all the
vol cani sm anal ysis together. W called it the Igneous
Consequence AMR. And in that work, we summarized it all,
presented the conceptual nodel in the form of paraneter
i sts and suggested values for the paraneters for PA to
use to abstract and nodel .

This is a useful picture because, again, when
you're tal ki ng about di kes and vol canoes, it's interesting

to me to keep the geonetry of the systemin mnd. Again,
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the di kes are very narrow features arising froma deep
magmat i ¢ source, and then responding to stresses in the
shall ow crust. They tend to propagate in the shallow
crust perpendicular to the |east principal stress, and
they're very long and very narrow features. They can be
kilometers long. Again, referring back to yesterday's
tal k by Frank Perry, we expect themto arise in the area
of Crater Flat, and because of the |east principal stress
direction, be oriented nore or |ess predom nantly

nort heast/ sout hwest .

As a dike rises to the surface, one of our other
assunptions is that a dike that reaches within 300 neters
of the surface will continue on up to the surface, and the
eruption can then proceed several ways. Fissures nay
develop, as in this second segnent of the picture, or the
eruption may focus into what we call a vol cano, and a
conduit will form which will then grow downward.

This is the PA conceptualization of the igneous
i ntrusi on groundwater release, and |'mgoing to put this
up here for reference also as | tal k about the next
viewgraph. And in the igneous intrusion groundwater
nodel , these are pertinent factors. The probability of
di ke intersection with the repository, again, that came
fromthe expert elicitation and was updated by work in one

of our AMRS.
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Consequence paraneters, we devel oped a nore
robust set of these fromresearch fromone of the AMRs.

We canme up with magma characteristics, tenperature,
pressure, chem stry, including such things as water
content, viscosity, and so forth.

Di ke properties, the dike width, |length, and the
number of di kes, you can have nore than one dike in an
event. Conceptualization of the magma drift and nmagma
wast e package interaction was exam ned under one of our

other AMRs, and our initial work was for the interaction

of a dike with the repository with backfill. That's the
work that's been finalized so far. However, PA has been
working with the newer design w thout backfill. W're

finalizing those docunents now, although the cal cul ations
and conceptual i zati ons have been done. And that was
George Barr's work. He | ooked at this area.

The conceptual nodel for TSPA/ SR, we need to | ook
at the waste package is conprom sed by the magnmatic
envi ronnent. We envision the dike comng up, intersecting
t he repository, and | ooking at how many waste packages
woul d be inpacted, and to what extent, on either side of
t he dike.

After that happens, we envision again the
groundwater release is a long-termeffect. The magna

cools over tinme. Magma becones highly fractured, and as
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it cools, groundwater infiltrates, contacts the exposed
waste, and it results in an increased source termthat is
com ng out of the repository. So you're imagining now

t hat the vol cano ceased | ong ago and you now have these
conproni sed waste packages whi ch produce an increased
source term radionuclide source term Then fromthen on,
t he nodeling follows the sane as the nom nal for UZ and
SZ.

This is a conceptualization of eruptive rel ease,
and this is one of Greg Valentine's conceptualizations
Agai n, we devel oped conceptual nodels of the geol ogic
process, and the type of vol canismwe expect in this area,
as you've heard already a couple of times, is basaltic
vol canic activity. And Stronmbolian eruption is another
characterization, could have several phases to it. It can
have an effusive phase where the lava is just flow ng out
relatively gently. It can have a noderate phase
represented in the upper right-hand corner here where you
have the features listed, or a violent Stronbolian phase.

And, again, our conceptual nodel is all of these can
occur, however, for PA, only the violent Stronbolian phase
was nodelled. This is a conservative assunption.

This is the sane viewgraph | have up here, which
"Il leave up while | discuss the paraneters. To nodel

t he vol canic eruption release, we |look at the probability
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of the eruption through the repository which starts with
the probability of dike intersection. And this next
probability is not a conditional probability; it's just
t he probability of one or nobre eruptive centers.

So we don't assume that just because a dike
intersects the repository, that there's an eruptive center
in the repository. W do assume there are eruptive
centers somewhere along the dike.

For all packages, we do assune that for al
packages within a conduit that may formin the repository,
t hat those packages are conpletely conprom sed, and that
the waste is then available for transport at the surface
in the eruptive cloud.

The disruptive events consequence AMR presents
t he paranmeters that characterize the process. This is the
wor k of M chael Sauer and Peter Swift, and again, they
present paraneters for characterizing the eruptive
characteristics, conduit dianeter, nmagma characteristics,
eruption duration and volume, bulk grain size and shape.
These are all factors that are used in the ash plune
di spersi on nodel i ng code.

They al so handl ed the atnospheric transport
paranmeters, w nd direction, wi nd speed, waste particle
size. These are factors in how far the contam nation

m ght go.
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As you saw in the |last presentation, in order to
get froma volcanic release to dose, you have to go
t hrough the bi osphere cal cul ations, and M. Schmtt has
al ready expl ai ned these. They had speci al BDCFs,

di sruptive events BDCFs for the atnospheric rel ease, and
used the noni nal BDCFs for the groundwater pathway.

This is the TSPA dose curve for dose from both
eruptive and intrusive release, and the nean is the red
line. 5th and 95th are presented. You'll see in the
first, say, 1200, 1300 years, the dose is dom nated by the
eruptive rel ease. However, the groundwater pathway
rel ease begins to dom nate |ater on.

COHON: I'msorry, can | just interrupt for one
second? This is Cohon, Board.

Just for clarity, and recalling what we heard
yesterday, the axis shows dose rate nultiplied by the
probability of a volcano occurring; is that right?

GAI THER:  Yes.

COHON:  Ckay.

GAITHER: This is the sensitivity analysis on a given
probability. You'll see the base case. This, again, is
t he same nean that you saw on the |ast viewgraph. This
isn't really peak eruptive dose; it's a maxi num eruptive
dose. The peaks are represented by the highest bunps on

the horse tail plot you just saw. But it conpares the
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doses, given the full range in the base case that was
sanpled, and a run that's set at 1 tines 10 to the mnus 7
probability.

So in conclusion, disruptive events are included
as process nmodel factors for TSPA/SR. Sensitivity
anal yses have been perfornmed on these factors. Those are
i n your backup viewgraph. For TSPA/ SR nodel i ng of
seismcity and faulting, seismcity, groundnotion, effects
are included in the nom nal case in |ooking at the effects
of seism c vibration on cladding and drip shield. FEPs
anal ysis shows the remai ning FEPs can be excluded based on
| ow consequence or |ow probability.

We're currently re-examning the FEPs with the no
backfill design. And TSPA/ SR includes vol canism as the
only contributor to dose within the regulatory period. So
| certainly have gotten nyself an exciting job here. It
could be why Rollie Bernard is no | onger doing this and
has taken a job at Sandia where he's working on Russian
nucl ear waste problenms, and part of the job description is
i nocul ations for frightful diseases and travelling to the
fringes of Siberia. So maybe | should have paid attention
to his career choice instead of Bob Andrews when he told
me what a great opportunity this was going to be.

CRAIG Thank you.
GAI THER: That's the end of ny talk.
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CRAIG Okay, thank you very nuch. Questions from
t he Board?

PARI ZEK: A clarification question. Parizek, Board.

| think you said 10 tines increase in, what,
pernmeability or porosity had no effect on flowin the
unsaturated zone, or saturated zone?

GAI THER: Fracture aperture opening.

PARI ZEK: Yeah, that's a power law in ternms of the
pernmeability effects of a slight increase in aperture.

GAITHER: Right. It decreases the saturation. |
know t hat was one of the factors. But I'msorry, |'m not
a hydrol ogi st.

PARI ZEK: We want to nmake sure we understand. You
said fracture aperture?

GAI THER: Right. That's what Jim Houseworth did. He
cranked this through the Uz 3-D fl ow nodel, increased the
fracture apertures ten-fold, and did not see a significant
effect on flow and transport. And I'msorry, |I'm not--

PARI ZEK:  We'll have to look into that. Another
gquesti on about the dike formation. |If you have dikes that
are maybe several kilometers |ong, they could be rather
i npermeabl e barriers to water flow. So in terns of
groundwater flow effect, it nmay not be no effect. There
may be some neasurable effect in perturbing the flow

system
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GAITHER: | know that they did a sensitivity analysis
on this during the VA, and placed these barriers in the SZ
system either increased perneability or decreased
pernmeability, and they found no significant effects on the
flow. |s that not correct, Bob? |'mpretty sure they
di d.

PARI ZEK: We think of it as affecting a full field
pattern sonmehow.

GAITHER: It may divert the fl ow sonewhat, but it
doesn't have an effect on dose?

PARI ZEK:  Now, the di ke intersection knocks the hats
off all the waste packages and rel eases everythi ng because
that's being conservative, because you don't know that all
the lids are going to blow? | think |I understood you to
say once a dike hits it, you release what's in all
packages.

GAI THER: No, once in a conduit. Look at your backup
vi ewgraph. Greg, did you want to address some of this?

VALENTI NE: Yeah, just to clarify the issue of the
effects of a dike on the saturated zone. The predoni nant
orientations of the dikes are going to be sub-parallel to
the flowin the saturated zone. So | think that's the
reason why there's no a magjor effect. | nmean, it's not
obl i que enough to really be a barrier.

PARI ZEK: Does it shift it, though, into the
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alluvium or away fromthe alluviun? It's
nort heast/southwest? |[If it's northeast/southwest, it
could divert flowinto the--out of the alluvium which
t hen shortens the path length in alluvium So | can
visual i ze a west/sout hwest direction not being hel pful.

GAlI THER: Regardi ng the package danage, this is your
backup vi ewgraph Number 27. For an eruptive event, we
assurme all packages in the conduit, 50 neter nean
di ameter, are conpletely destroyed. But for the intrusive
event, which we | ook at separately, we have zones. W
have the area right on either side of the dike. | believe
t hey assune one package is destroyed where the dike is,
and three on either side. And these packages are
conpletely destroyed. Whereas, in the rest of the drift
away from where the dike actually has its greatest inpact,
this is the type of failure that is assumed. Failures of
the end cap welds, anywhere froma square centineter to
t he maxi rum of a whole end cap. So it is a different type
of damage that's assuned.

CRAIG  Priscilla next, and then Dan.

NELSON: My question was | think partially covered by
Ri chard, but let nme just say again the question that | had
in mnd was about di ke, or any sort of an igneous activity
t hat doesn't necessarily engage the repository, that

really can change the flow field, whether it occurs north
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or south of the repository, and can actually focus fl ow
and cause significant changes in the flow path. 1s that
not anal yzed because it's an extrenely | ow consequence
event, or what is the status of thinking about such

i npacts that aren't constrained to intersect the
repository?

GAlI THER: Those were exam ned under FEPs anal ysis.
Bob, do you want to say nore about it? They exanm ned them
and did sensitivity analyses. | don't know if Bob can
tell you nore.

ANDREWS: This is Bob Andrews. The screening
argurment for that, you know, was a | ow consequence
argunment, that even if a dike intrudes the saturated zone,
for exanple, or the unsaturated zone, but not the rest of
the repository, that the effect on transport, on flow and
transport, was within the bounds of the range of
uncertainty that was already incorporated in the
abstractions, and included in the TSPA/ SR

We did not go to a dose based consequence
screeni ng argunent because at that time, they didn't have
t he dose basis to make that consequence screening
argurment. Now we do, and the argunent would even be
stronger, you know, to exclude it, because any effect, any
consequence effect of those indirect vol canic events woul d

be multiplied by the 10 to the m nus 8 probability per



© 00 N o 0o A~ W N P

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

407

year. So the net effect would be zero so, therefore,
screened out.

BULLEN: Bullen, Board. Yesterday, we heard from
Bob, who just is not sitting down, that the wi nd al ways
bl ows south. But you have data, you have wi nd rows or
joint frequency distribution functions or sonething that
you can plug into the Jenny-S code that will tell you what
the real wind velocity m ght be? And you al so have data
on what the plume mght | ook |ike for an eruption. And
that's what gives you the doses, and it's not a dose, it's
arisk; right? If it's a dose tinmes a probability, that
question that Jerry asked? So you have the information
that's necessary, and this is actual? Does it always have
to bl ow south? | mean, you actually know the direction.
This is an over-conservatism right?

GAITHER: |1'mgoing to | et M chael Sauer explain
this. | like to let the technical teamtal k about their
wor K.

SAUER: M chael Sauer from Sandia. Wat we've done
is we've actually devel oped the distribution for w nd
direction. But then we decided to conservatively let the
wi nd al ways bl ow south. The reasoning behind this is that
by doing it this way, we're not accounting for
redistribution of ash that mght fall on the side of Yucca

Mountain that would | ater be washed down Forty M| e Wash.
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And the argument we nake is we're really, we've captured
this simlar argument that Bob just nmade for a different

i ssue, that we've captured the range of uncertainty by
having it al ways bl ow south, essentially a bounding

anal ysi s.

BULLEN: Bullen, Board, again. The followon here is
t hat you al so have the particle size distribution that
optimally falls 20 kil oneters away?

SAUER: Actually, we don't. What we've done with the
particle size distribution is, actually, Geg Val entine
devel oped that based on anal ogs that are observed in
nature, and we've just utilized those directly. Okay?

BULLEN: You nentioned nature, so | have one final
foll ow-on question. How nmuch radioactivity is released in
a volcano that doesn't hit Yucca Mountain in this region?

What ki nd of radionuclide inventory increase do you get
on the surface fromthe ash from natural radionuclides?

SAUER: That |'m not sure of.

GAI THER: | don't know that either.

CRAIG | have one question. This fanmous Figure 14,
whi ch we've now seen several tines, you dealt with a
difficult problem of conbining a high probability |ow
consequence events with | ow probability high consequence
events, and it makes it a rather conplicated diagramto

under st and. There is a lot of interest in what the worst
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case could be. Do you have a graph that shows how nmany- -
what the dose rates would be if the event were to occur?

GAITHER: |'m not sure | understand that question.

CRAI G  Supposing one of these events actually
occurs.

GAl THER:  You mean one like this one?

CRAIG No, no, an eruptive event. You've
mul tiplied, over on the left-hand side, you've multiplied
by the probability of the events. And you've done it in a
way which is rather conplicated to disentangle because of
t he nature of the way you've done the cal cul ation. What
|'d like to ask you to do is to disentangle and tell us
what kind of a dose you m ght actually get.

GAI THER: Ckay, | will have the tangler disentangle
it for you.

ANDREWS: This is Bob Andrews again. W didn't
tangle this on purpose.

CRAIG No, it's a conplicated presentational
problem | don't fault what you've done, but | do think
it is reasonable to ask for the actual dose that the nost
exposed i ndividual or set of people m ght receive should
the event occur.

ANDREWS: | think that's a reasonabl e question, too,
Paul . And we can pull that number off of this plot in

fact. For the eruptive scenario, which has an annual



© 00 N o 0o A~ W N P

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

410

probability of occurring of about 10 to the m nus 8 per
year, that means in the first 100 years, and |'I| start
right there at that 100 year |line rather than conplicate
it with other tinme franes, at 100 years, the probability
of it occurring within that first 100 years is just 100
times 10 to the mnus 8, assuming this was linear. So
that's about 10 to the m nus 6 probability. So that 10 to
the mnus 6 is being nultiplied nore or |ess by the dose
to get this risk, or dose rate that we have on here.

So if we take that nmean curve, and the nean there
is about--well, the 95th percentile is 10 to the m nus 2.

It looks |ike the nmean is about 3 tinmes 10 to the m nus 3
mllirenms per year, and nultiply it by 1 over 10 to the
mnus 6, or 10 to the sixth, you see that's about 3 rens
per year fromthat unlikely | ow probability event.

Now, we do not show that plot, but that's what it
woul d be. The NRC in their IRSR on igneous activity does
show t hose doses attributed to, you know, the conditional
dose, if you will, and their range, | think there's people
here who can probably better give the exact range, in
their igneous activity IRSRis in the order of a few rens.

| think it was like from1l to 10 rems. It was a range of
val ues.

And that kind of indicates, you know, the anount

of mass, the radioactivity, the biosphere pathways that
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John alluded to, that all contribute to that dose. But
the probability of it occurring is 10 to the m nus 8 per
year, or close to that.

CRAIG Oher questions fromthe Board?

SAGUES: Quickly. So then the nultiplier, it varies
with tine?

ANDREWS:  Yes.

SAGUES: The nultiplier, to get the actual
probability of the event, you will have a very high
multiplier on the left, and the nultiplier becomes small er
as you go to longer tinmes. Thank you.

CRAIG (Okay, | ast question?

MELSON: Bill Melson. One of your figures showed
t here woul d be over 6,000 casks are bei ng damaged. What
percent age of the contents are released in this kind of
wor st case scenari 0?

GAITHER: |'m not sure | can provide that

i nformati on, because that gets into what happens with the

wast e package and waste formcal culations. |'msorry, |
don't know what the percentage is. |'mnot sure if anyone
here does.

Well, in this area, the release then would be,

again this is for the intrusive rel ease, which would be
t he groundwat er pathway, | don't really know the

percent age of the waste that would be released. You nean
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of what is there, or the percentage of what would be in
t hese packages overall? I1'msorry, | don't know that.
Bob, do you know t hat?

ANDREWS: This is Bob Andrews again. But it's
nucl i de specific. You know, for things |ike iodine and
techneti um where the fuel is altering rapidly and they're
very high solubility, it's virtually 100 per cent. You
know, for neptunium which is still solubility linted,
you know, based on what Christine just showed you, that
fractional release, effective release rate is a function
of the solubility and the seepage and how much can be
nobi |l i zed. For the even | ess mobil e nuclides, nost of
it's staying there still. So it depends on the nuclide.

CRAIG Okay, last, John Kessler.

KESSLER: you nentioned for the eruptive events, that
you were picking only the violent Stronbolian type of
erupti on.

GAl THER: Ri ght.

KESSLER: |Is that consistent with the probabilities?

I mean, these are certain kinds of eruptions that PVHA
has based their probabilities on. M understanding, and
correct me if I"'mwong, is that they' re not violent
Strombolian type of events. So |I'm concerned that there's
a msmatch between probability side of this risk equation

and the consequence side, that it's not based on the sane
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ki nd of volcanism at |east for the eruptive.

GAI THER: Well, the probabilities that we | ook at are
the probability of a dike intrusion, and the probability
that event will formin the repository. Those are the
probabilities, which seens to me di sconnected from what
the kind of eruption is that happens after that. |In other
wor ds, those probabilities are set, whether the eruption
beconmes to be nobstly violent or nostly noderate. |'m not
sure that there's a real disconnect there. And the reason
that we nodelled the violent Stronmbolian is because that's
what ash plume is designed to nodel, and that's the
di spersion code we used. And it's also considered a
conservatism by the PA group.

So |'m not sure, maybe |I'm just m ssing
sonet hing, but I'mnot sure there is a disconnect. Am|
correct? |1'mnot sure, but | don't think there is.

CRAIG  Ckay.

GAI THER: The probabilities don't say what kind of
erupti on.

CRAIG W'IIl let you chew on that one for this

afternoon, and at this point, we need to take a break, and

we Will resume pronptly at 11 o' clock, which is in 13
m nut es.
(Wher eupon, a brief recess was taken.)
CRAIG Qur next speaker is Abe Van Luik, from whom
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we' ve heard previously, and Abe is going to talk to us
about uncertainty.
VAN LUl K:  Thank you very nuch

Let nme start nmy talk on the fourth page of your
handouts, because the second and third pages | actually
wanted to use at 4:30. This will also help make up sone
of the time schedul e.

The focus of this presentation, if you | ook at
t he whol e viewgraph, you'll see that this is one that you
al so saw in January. But the focus of the presentation,
and what the Board has been tal king about so far, in our
opi nion, is the technical analysis of how quantified
uncertainties are treated, both in the process npdels and
t he TSPA.

What we also told you in January is that we al so
need to look at all uncertainties, both the quantified and
t he unquantified, which we typically have dealt with in
various fashions. And then also we routinely do policy
and technical assessnments to nanage the uncertainties, and
we are really focusing now al so on expl ai ni ng our
uncertainties to various audi ences.

So this is what we told you in January that was
our strategy for dealing with uncertainties, and what |'m
going to do now is show you how we are inplenmenting that

strategy in what | think is a rational fashion.
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We told you that we would identify sources of
uncertainty, treat them quantitatively or qualitatives
with conservative bounds; that we woul d manage
uncertainties, considering their inpact and inportance.

Of course, if there is no inpact or inportance, then the
uncertainty doesn't matter. We just need to disclose it.
We need to reduce or mtigate critical

uncertainties, | nean, that's why you eval uate
uncertainties in the first place, and assess the effects
of the residual uncertainties, because there will be
uncertainties that are not manageabl e by any of the other
means.

So to keep the pronmi se that we made in January to
the Board, we have a task force of DOE nmenbers, MIS
members and M&O nenbers, and many of themare here in this
room We are |ooking at the inplenentation and
ef fectiveness of this approach. W are an internal review
conmttee, so to speak. We are trying to identify where
the uncertainties and variability have been included in
overall performance assessnment, and you saw from Bob
Andrews' talk that TSPA is on the mark as far as
considering uncertainties in its anal yses.

We want to | ook at how all uncertainties have
been treated in the process nodel and abstraction |evel,

and we hope to be able to have an internal report by
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Sept enber, and we want to evaluate the uncertainty

treat ment and devel op recommendati ons by November of this
year to inprove the entire way that we're dealing with
uncertainties.

This task force is doing a bottoms-up |ook. W
are starting at the bottom at the process |evel,
reviewing all the AMRs and PMRs and interview ng the
principal investigators responsible for each of these to
not only read the docunents, but find out fromthem what
the docunments mean in terns of what has been terns of
uncertainty.

We are |looking at things like alternative
conceptual nodels, paraneters, distributions, spatial
extrapol ation and tinme-scale issues, the partitioning of
variability and uncertainty, tenporal and Spatial boundary
conditions, the assunptions and judgnents made. You' ve
heard a lot fromthe last five or six presenters on that
topic. The use of data bounds and conservative estinmates,
and then we're al so | ooking at the uncertainty that's
enbedded in the FEPs process, |ooking at features, events
and processes, and the screening, as you' ve heard fromthe
| ast tal k, of |low probability, |ow consequence scenari 0s.

We are | ooking at both quantified and
unquantified uncertainties, and this presentation, and |I'm

trying to | ower your expectations here, is a status report
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which will just focus on two detailed exanples of the
treatment of uncertainty. |In other words, we have done
about 23 of these cases. |'m showi ng you two because of
their inherent interest to us and to the Board.

The first one is if we ook at the waste package
degradati on process nodel, the purpose of the nodel is to
eval uate waste package integrity. W know that there are
processes that can influence the degradation of the waste
package. We know that there are environnents on the waste

package and in the drift that are features considered
subj ect to uncertainty and variability.

There are other features, and that's what this
nmeans right here. These are processes. These are
features. O her features, events and processes were
consi dered, but in the FEPs screening process, which is
actually a great integrator from science and engi neering,
right up until performance assessnent, these were screened
out due to | ow consequence or probability.

Sel ection of specific process nodels is subject
to conceptual nodel uncertainty. And | think we can go to
t he next one to show the stress corrosion cracking nodel .

When we | ook at the degradation processes for the waste
package, this is the nodel that I1'"m going to focus on
al though I could have selected this, | could have sel ected

that, but this is the one that we're going to focus on,



418

just to give you an exanple of the |evel of detail that
we're going into in this uncertainty eval uation.

Stress corrosion cracking has three overl apping
influences on it; material susceptibility, tensile stress
and environnental conditions. And if we're in a critical
region of those three, then stress corrosion cracking can
occur. The nost inportant of these we find is the, as you
saw in Bob's presentation on TSPA, is the degree to which
stress is mtigated in the welds.

If we |ook at the conceptual nodel for stress
corrosion crack growth, we |ooked at two conceptual nodels
and received external expert advice that this is the one
to go with because it's nore defensible for the very | ong-
termuse that we want to nake of it. [It's a nore conpl ex
nodel , but it's nore defensible, they thought.

The significance of the nodel itself, whether we
choose this one or this one, is dependent on the degree of
stress mtigation. |If we mtigate the stress to the
extent that we think we can, the two nodels give
absolutely the sane outcone.

The process nopdel, as has been expl ai ned before,
is then abstracted into a TSPA abstracted nodel, but we
will stay with the process nodel discussion for now.

If we look, and I don't want to go through all of

this table, but this is an illustration of the type of
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eval uation that we're doing. W're |ooking at the
uncertainty. W're looking at the variability. And we're
| ooki ng at what the range of it is and what the basis of

it isto see if we have a conplete picture of what is
being treated in each nodel.

And | think rather than read through these in
sone detail, which would involve questions that | am not
nmeant to be answering, this is just an exanple of the type
of thing that nmy technical team it's actually Bil
Boyle's technical team but he couldn't make it, so |
replaced him our technical teamis looking at in sone
detail .

The abstraction--that was at the process |evel--
and then as | nentioned, we do an abstraction. In this
particul ar case, the abstraction introduces what sone of
us consi der an additional conservatism W just disregard
the orientation of flaws, even though only 1 per cent of
the initial flaws in a weld, in a sanple that was
exam ned, 1 per cent of the flaws have a radi al
orientation, and that's the only orientation that could
actually be subject to stress corrosion cracking. And we
considered in the TSP all surface breaking flaws and al
enbedded flaws in the outer 25 per cent of the depth of
the weld, so that sone of the uncertainty in the previous

page is kind of stepped above for the TSPA anal ysis.
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Nevert hel ess, we want to be accounting for all that
uncertainty.

If we look at the results of this particular
nodel , we see that the first waste package failures on the
upper bound, the nost optim stic case, using the upper
bound of all the uncertainties--that would be the | ower
bound of the uncertainties, | guess, but the npst
optim stic case, you have failures right after 10,000
years. |If you | ook at the nean, however, it's, you know,
nore |ike 20,000 years until your first failure, and then

you have a cross-over of the mean and the nedi an here,
illustrating again that the nean is really torn by the

| arger numbers. \Whether you're on the upper scale or on
the | ower scale, if the nunbers are very large, the nean
is nmore influenced than the nedian. The nmedian is a very
ni ce nmeasure of central tendency.

But this is just an exanple of the type of
uncertainty evaluation that has gone into one process
nodel . And the treatnment of uncertainty in these nodels
varies from nodel to nodel, and one of the tasks that we
are conmng up with is maki ng recommendati ons on how to
even it out so that the treatnment is nore uniform

If we go to the next viewgraph, we're going to
tal k now about the thermal-hydrol ogi c nodel s for TSPA.

And this nice little viewgraph shows that the input data
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is run through the UZ property nodel, and that property
nodel then defines the properties for all of these nodels.
And, of course, the outputs on the right-hand side are
things that are output directly into TSPA.

We're going to follow this path through here and
tal k about the nulti-scale nodel. The properties nodel is
used to define parameter uncertainties. |It's a very nice
pi ece of work that includes the property set that is nost
consistent with measurenments, and evaluates their
uncertainties.

The matrix and fracture paranmeters used in the
flow and transport, drift seepage, drift-scale and
nount ai n-scal e process nodels conme out of that one nodel
so that you don't have the problem of using this nodel
here with a different property set than the other one.

The calibration process uses data inversion to
conpare and adjust the nodel paranmeters and the data. And
| TOUGH2 is the conmputer code that's used, and it considers
uncertainties in the input data, in the analysis, and the
out put paraneters and their sensitivities, and can pass
themon to the next nodel down the chain.

The data inverted is matrix saturation and matri x
potential, pneumatic pressure, and the paraneters
estimted, and they are estimated for high, nmean and | ow

infiltration cases for three clinmate states. So for each
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climate state, there's a high, mean and a | ow.

The paraneters estinmated are fracture and matri x
pernmeability, fracture and matri x van Genuchten
paraneters, that's supposed to be an alpha and m fracture
activity paraneter. And the uncertainties are eval uated
for 31 nodel |ayers, assuned to have uniform properties,
however, within each |ayer.

Spatial variability ininfiltration is
i ncorporated using 200 neter radius average around
borehol es, so that, you know, there is extrapol ati on of
data within the nodel that we have quantified and know
about .

Now, when we nove to use these property sets in
t her mal - hydrol ogy cal cul ati ons, the question has been
shoul d we use properties, generic properties such as used
in TSPA/VA? Should we go to the drift scale property
sets, which is the TSPR base case property set? O should
we get real close to the actual |ocation and use the
single heater test property set? And there was a test
done using two forns of the dual perneability nodel, and
the bottomline is that the predicted tenperatures seen in
single heater test, and we did this also for the |arge
scal e heater test, but that would be a separate
presentation, predicted tenperatures, evaluated the

differences statistically. This was not a calibration;
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this was no adjustnment of paranmeter values. W were

| ooki ng at which of these property sets best eval uated the
tenmperatures in that heater test, and the concl usion was
that the differences were snmall between predicted and
neasured for all the property sets, but the anbient drift
scal e property set and the active fracture dual
pernmeability nmodel are suitable for use in thermal -
hydr ol ogi ¢ nodels for SR

So | don't want to, you know, neke this
decl arati on and have you ask questions on it. [|'m
illustrating the type of things that we're investigating
in this internal review of how uncertainties are being
eval uated and how t hat eval uati on goes down i nto what
nodel is selected for determ ning heat, for exanple, in
t he nmount ain.

If we look at the nmulti-scale thermal-hydrol ogic
nodel , the treatnent of uncertainty there is the
uncertainty that goes into the nodel cones from sel ection
of the high, nean and low rates of infiltration for the
three climte states.

The nodel is very rich in variability, but that's
the only uncertainty that comes out of it. And, of
course, this shows us that there is a difference in the
way that these different nodels are treating

uncertainties. So we have a job on our hands, and that's
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our task, is to make recomrendati ons on how to fold nore
uncertainty rather than just variability into the rest of
thi s nodel .

Now, if we go to the next page, you see the
outcome, that if we |look at the |Iow, medium and high
infiltration cases for the present clinmte, you get
differences in the drift wall tenperatures, waste package
tenmperatures, the tine of the drift to return to boiling
tenperatures, relative humdity at the waste package, the
boiling zone in the host rock, et cetera. So there is the
uncertainty that is put into the nodel cones out in the
out put .

I n sunmary, our approach to uncertainties
recogni zes the need to assess, quantify, manage and
conmuni cate uncertainties. This is a first step in that
process. The uncertainties, variabilities and
conservatisns are being identified. That's a work in
progress and it's going very well in all process npodels,
providing input to the TSPA and TSPA is taking care of
itself pretty well, as you heard from Bob's presentation.

We're in the process of exam ning the current
i mpl ementation. Qur focus to date has been on
under st andi ng the details of what has been done and how
adequately it is docunented. W have found severa

i nstances where work was done and it was, you know, just
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not put into the docunmentation, and of course we'll put
that on the list of recomendati ons.

And, of course, this is a work in progress. \What
are we planning to do to finish this work? W want to
conplete the detailed review of the uncertainty treatnment
and how uncertainties are reflected in the TSPA/ SR.

That's our goal for later this fall. W want to assess
where we need to inprove the characterization and/ or
docunment ati on of uncertainty. |In some cases, there needs
to be nore characterization, and other places work was
done that's not properly reflected in the docunents.

We want to devel op recomendations to be used in
future uncertainty treatnment. We're | ooking forward, you
know, for the next couple of years into the license
application. W want to assure consistent definitions,
and to the extent that it's appropriate, nethods for
treating quantified uncertainties.

We want to inprove the inportance anal yses of
quanti fied uncertainties, and you're going to see sone
i nportance anal yses in the next presentation, too. You'l
see actual results of inportance anal yses.

We want to suggest approaches for eval uating key
unquantified uncertainties in terns of their inplications
for TSPA dose uncertainties.

And | think it is certain that |I have nade up
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sonme tine.

CRAIG Abe, that was masterful. W are not only on
schedul e, we are ahead of schedule, and | now turn to Dr.
Cohon to ask you, because we're going to have di scussion
her e.

VAN LU K:  You just set nme up for a | ong discussion,
is what you did.

CRAIG | hope so. Discussions are the best part of
t he Board neetings.

VAN LU K: Yes, they are.

CRAIG How nuch tinme should we spend on di scussion?

COHON: We can go till 11:45.

CRAIG  11:45. So we have 25 minutes for discussion.

COHON:  23.

CRAIG 23 mnutes for discussion. Jerry, Alberto,
Dan, others.

COHON: This is Cohon, Board. | have a big topic,
and it's properly a topic for this afternoon's panel. But
since we have extra time and we've got you standi ng up
here--actually, Abe, you' re exactly the person to start
with it, and then maybe we can pick it up later if we al
feel it's worth pursuing further.

I have sort of a fundanental phil osophical
concern, nodeling concern, with where we're going with

TSPA, and that this concern would cone up now is
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conpl etely understandable. It's not a criticismof what
has been done. In fact, let ne say here |'mvery
i npressed by everything that we've heard. Your conment
yesterday, or nmaybe it was Bob's, about your pride in how
much integration has occurred | think is very well placed,
and it shows. |It's very good and really very exciting.
But you've got a very tough problem and we know t hat.

Here is nmy issue. Let me put it this way. Using
t he design--1 have to take another step back. W know
t hat specifying the design is essential in order to do
TSPA, and that's just the nature of the integration that
you and Bob were so pleased about. It's also the case
t hat performance will be a function of both the design and
t he natural system and as we've seen, we now have a very
robust package with a titaniumdrip shield, and they have
maj or inplications for performance. And in a way, in a
very significant way, you're using the design to
conpensate for natural system uncertainty, and that's
okay. Here's ny philosophical problem

It's not okay, | think, to use the design to
limt the treatnment of uncertainty or its representation
on individual paraneters within TSPA itself. Am1l getting
t hrough? Let ne give you an exanple. Here, actually you
just gave an exanple. If we assune we're going to treat

welds in a certain way so as to relieve stress, and that
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nmeans that we represent the uncertainty associated with
the welds in TSPA in a different way than we would if we
were not treating the welds, making that assunption about
the welds would be treated, | think that's wong, or |
think that can create a problem | ater on. Maybe that's
not such a great exanple. | think |I've got a better one.
Here's one. |If we assunme that ranges in pH are
what they are within the drift environnment, because of
assunptions we're nmaki ng about the | ack of seepage because
of the titaniumshield, let's say, then that can be a
problem So ny point is in ternms of overall perfornmance,
engi neered system natural systemtrade-offs are
conpletely appropriate within limts, of course. But if
t he engi neered systemis used to |limt or change the way
we represent parameter distributions in TSPA, | think
we've got a problem and I'mgoing to try to tease out
sone nmore exanples to find out and explore this afternoon
whet her or not we've gotten ourselves into that situation.
Have | made the point clear, the overall point?

VAN LU K: | think I understood the point better the
first exanple than the second exanpl e.

COHON:  Ckay.

VAN LU K:  But | think, you know, would it be
satisfactory if we showed the effects of stress mtigation

on the welds by doing a calculation with and w t hout
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mtigation? Wuld that satisfy you that we know what
we're about? I'mtrying to figure out just what the crux
of the problemis.

COHON: | have no doubts that you know what you're
about. The concern is that there's so many pieces to this
and there's so many peopl e that know what they're about
about their piece of it, that things m ght get lost in the
process of pulling it all together.

VAN LUl K:  Yes.

COHON: And so I'Il try to cone up with better
exanmpl es.
VAN LU K: | think, you know, that is one good

exampl e, where we actually know from anal yses al ready why
it is so necessary to nmitigate the stress, because as Bob
showed, the first two points on his five points of I|ight
of what determ nes performance after 40,000 years is the
stress on those welds. And so, you know, you nmake a good
point. W need to evaluate as tine goes on if there is
uncertainty in the degree of mtigation and ot her things.

But we're not there yet. You know, we are not to the
poi nt where we can do that.

COHON: Just to nail this down. It goes right to the

FEPs screening process. | worry about excluding some
phenonena or artificially limting the range that we're

going to look at only on the basis of TSPA performance
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sensitivity. Using argunents about basic physical
phenonenon is a good one, and we heard a lot of that in
the screening. But if we base it nobstly, or even worse,
entirely on TSPA results, then | get worried. [I'Ill try to
cone up with nore exanpl es.

VAN LU K: | understand that one perfectly. In fact,
we agree with you. That's the reason that we carried
cal cul ati ons out, you know, for the SR purposes, SR/ CR
pur poses, to 100,000 years. |If we stuck with 10, 000
years, we woul d exclude everything.

COHON:  Ri ght.

VAN LUl K: Because the waste packages haven't failed
yet, but because of that exact reason, seepage is very
inportant. It doesn't beconme inportant until after the
regul atory period, but it is very inmportant, and we agree
exactly on that particular issue. And | think, you know,
the idea of the drip shield making seepage | ess inportant
to performance during the regulatory conpliance period is
very true. However, seepage is in the nodel to allow us
to | ook beyond the regulatory conpliance period, and we
have a suspicion that when we walk into |icensing, that
the NRC will say change this assunption, change that
val ue, change this, and we had better have all of those
mechani sms in the nodel to take care of that contingency.

COHON: That's exactly the bottomline point. Still,
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l'"mgoing to try to cone up with nore specifics to kind of
see if we can track them down this afternoon

VAN LU K: Okay. Good.

COHON:  Thanks, Abe.

CRAI G Al berto?

SAGUES: Okay, | was just trying to figure out how
you rule out this uncertainty on nmechani sns that have been
ruled out relatively early in the process. |If we go, for
exanmpl e, to your Figure 13, just to have a quick
i ndication, which this is the fraction of waste packages
as a function of tine.

VAN LUl K:  Yes.

SAGUES: Okay, now--of course you're |ooking at first
crack; that's the only thing that you' re | ooking at. But

suppose that the nane of that would be first penetration,

it would still be pretty nmuch the same curve; is that
correct?
VAN LU K: | think it would be pretty nuch the sane

starting point on the curve, yes. But it's a conbination
of stress corrosion cracking with--you know, if we have a
situation where there is no surface breaking, or if there
were no initial defects, you would still, you know, by
general corrosion, go through that weld until you hit the
first defect.

SAGUES: All right.
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VAN LU K:  So sone of that | think shows up | ater

SAGUES: Right. Okay. Now, effectively right now,
| ocalized corrosion is declared in something that's not
goi ng to happen?

VAN LU K: That's correct.

SAGUES: Now, suppose that there is localized
corrosion that could result on the packages show ng
failures at 1,000 years, you know, really way, way before
that, now there's a certain amount of uncertainty about
that. | nean, you're not certain that |ocalized corrosion
is not going to happen?

VAN LU K: We are certain to the extent docunmented in
t he FEPs screeni ng docunents.

Now, as the NRC pointed out to us, the only thing
that's interesting about the FEPs screeni ng docunentation
is what we have ruled out. And so that will receive a
very good scrubbing fromthem and there may be cases
where we wil |
have to do nore work to make the case that sonething
shoul d be screened out. But | believe, and other people
in this roomknow this better than | do, that the work we
have done so far on Alloy-22 shows that the pitting, the
| ocalized corrosion is not likely to be sonething that
woul d lead to failure before these other two nechani sms.

SAGUES: Now, woul d you say that, for exanple, you're
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90 per cent sure of that? | nean, you realize what |I'm
aski ng about ?

VAN LU K: | trust the people that have told nme that
this is the conclusion that they draw fromtheir work,
yes. As a DCE person, | have to do that, and 98 per cent
sounds good to ne.

SAGUES: Well, | said 90. But anyway--

VAN LU K: You said 907?

SAGUES: Yes. Suppose you say 90, and if you're in
the 10 per cent probability you' re wong, that would
result in massive failures at age 1, 000.

VAN LUl K:  Yes.

SAGUES: Then that woul d cost, of course--
dramatically. And so where is that assessnment? Were is
the quantification of--what if |I'mwong about this
assunption? Wat if |I'mwong about the assunption? All
t hose things are going to be noving, nmaybe not--naybe the
dose, they're going to be noving themto a lift. Right
now, they have zero nmultipliers.

VAN LUl K: The anal ysis shown by Bob Andrews
yesterday that showed the 95th percentile pessinmsmin the
seven operating processes on the waste package showed
failures before 10,000 years. That's one case.

The talk that you're going to see after ne, the

safety strategy will show anot her case where we assuned



434

that there is waste package failure with the drip shield
intact. And then did you also do one without the drip
shield? Yes.

SAGUES: But that's only with the mechani sns that
have been declared to be possible.

VAN LUl K:  Yes.

SAGUES: The ones that are declared to be effectively
i npossible, like for exanple | ocalized corrosion, those
ones are not going to show up.

VAN LUl K: They are not going to show up

SAGUES: Okay. | would think that that's sonmething |
think we are going to have to talk about in the future a
little bit nore, because | think that right now, we're
rolling out entire classes of mechani snms and assum ng t hat
there is zero probability of that ever happening.

VAN LU K: Yes. And if in the future we |earn that
that is not as correct as it sounds today, we wll of
course make a correction.

SAGUES: Thank you

BULLEN: Bullen, Board. This may even be a nore
phi | osophi cal bent than our Chairnman took a couple of
m nutes ago, and is probably a good followon to Alberto's
gquestion, and you nay rue the fact that we actually
transcri be these nmeetings, because | can actually quote

you from previous nmeetings here. But in previous neetings
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about VA, about TSPA for VA, you made comments |ike what
VA can and cannot be used for--excuse nme--PA can and

cannot be used for.

And so | guess I'll go back and quote a coupl e of
things that you said. "It probably shouldn't be used to
assess conmpliance with regulations. It shouldn't be used
to show defense in depth. It shouldn't be used to assess

smal | changes in design, or even to deternine the
suitability of an overall repository design." Those are
ki nd of --they may be taken out of context, but those are
gquotes that you said about TSPA/ VA,

And coul d you coment now on TSPA/ SR, or the data
that we have seen and the results that we have seen, and
maybe amend your comrents, or at |east identify where you
think the inmprovements have been made that would soften
the tone of those conmments?

VAN LU K: | would respond in this way. This is a
ni ce question, actually, because this is kind of how | was
going to start off ny 4:30 talk, so | don't have to do
t hat now.
BULLEN: If you want to wait till then, that's fine.
VAN LU K:  No, no, no. What | was going to say is
that as you have seen fromthe presentation, as Chairnman
Cohon has pointed out, the TSPA that you see now is the

best integrated product we've ever produced.
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When its results are done with checking, and the
final approval comes in, | think that it will be materi al
that will be useful in making the regulatory assunptions
necessary to have DOE go forward to site recomendati on.
| think it's at that point.

Now, if it turns out that there are errors, you
know, that's the reason that after this decision is nade,
we go into the actual |icensing process, which is a very
ri gorous process, if it's anything |ike has been done for
ot her nuclear installations. But |I feel that we have made
so nmuch progress since TSPA-95, TSPA/VA and this one, that
this one the Departnment of Energy, when it is all done and
checked and finally approved, will stand behind it and say
this is the basis, not Rev 00 that you see for the SRCR,
but Rev 01 that you'll see next year, as | pointed out in
my talk, this is the basis for going forward and
recommending to the Secretary that he recommend to the
Presi dent that we approve this site.

If we were not of that m ndset, we would be
wasting your tinme and ours.

BULLEN: Bullen, Board, again. |1've got a follow on
to that one. One of the other problens that | had with
yesterday's presentation was sort of the non-specificity
of the operating procedures and the design. And the

problemthat | run into there is that as you go into
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i censing and as you take this path forward wi th TSPA,

what you have to do is you have to have a finalized design
and you have to have a finalized set of criteria that
you're going to eval uate against, and you have to have
regul ati ons, which by the way, we don't have either, but
you'll have to take a |ook at those, too.

And | guess what 1'd like to know is in the
efforts to reduce the uncertainty, and keeping that
flexibility in design, for exanple, we heard in May in the
Rich Craun presentation, that a nore robust design may
al l ow stagi ng and agi ng, and ventilation of fuel, and not
hit the tenperatures that woul d cause sone of the problens
t hat we've seen associated with cl addi ng degradati on or
wast e package degradation, or the like. How are you going
to incorporate or enconpass those in a regulatory regine
and in an evaluation that you're going to make to, well,
the Board and also to the NRC with respect to the | guess
finalization of the design? And when will that occur, and

how do you see that happeni ng?

VAN LU K: | was glad that Dr. Itkin answered this
gquestion yesterday. W wll have one design going into
the license application. It will still be flexible,

however, so that we can manage it one way or the other.
And | think Dr. Itkin was exactly right. As soon as you

start gaining experience in the manufacturing and in the
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filling, sealing and enpl aci ng of waste packages, you wll

redesign as you go and | earn from experience, and there

wi || be changes.

Any maj or changes will have to go to the NRC for
an amendnent to the license. So | think we will go into
LA with one design, but it will still be operationally

flexible so that we can adjust things, even fromdrift to
drift if we want to, if we see the need to. | don't think
we're going to | ock ourselves in to where the NRC i s goi ng
to take a neasuring tape and say this package is, you
know, one-tenth of a centinmeter off where you said it
woul d be.

BULLEN: Bullen, Board, again. Just to foll ow that
up, that also includes an operational concept?

VAN LUl K:  Yes.

BULLEN: And so you're going to cone in with an
operational concept that is hot, is cold, is nmanageabl e so
that | can keep it cool until | close it, and then let it
get hot; all of those are going to be evaluated prior to
the |icense application?

VAN LU K: We will cone in with a preferred
operational concept for the license application, yes. But
we will also talk about contingencies and flexibility, and
i f anyone of the design group wants to step forward, be ny

guest. But | think I'"mcorrect basically. W will cone
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in with a vertical stripe that says this is what we want
to license, and these are the degrees of deviation off
that line that we want to keep for operational
flexibility.
CRAI G Debra?
KNOPMAN:  Knopman, Board. | have two questions, Abe.
The first one has to do with scientific priorities at
this point. Based on what you know and your experience
with TSPA, including both natural and engi neered barriers,
how woul d you--what are your priorities over the next year
in terns of the science that you feel you need to have
under your belt?
VAN LU K: Actually, I'mlooking at Dennis
Ri chardson, the repository safety strategy that you're
goi ng to hear about next. Actually, that is the purpose
of that work, is to define what needs to be done next. MW
just being a PA type person and | ooking at Bob's results,
I would say that the highest priority is to solidify the
case for the way that the waste package works. | think
there is reasonable doubt in the m nds of sone experts as
to whether we can sustain that case through licensing. So
| would say that is a very high priority.
| have a personal feeling that we should al so
| ook very closely at the seepage nodel, because the

i ndi cati ons that we have of prelin nary neasurenents in
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the TRB drift, the east/west drift, is that the 70 per
cent of the repository will be in rock that will be one to
two orders of magnitude less likely to see seepage than
the rock that we have tested so far. And so from ny
perspective, this is a great opportunity to adjust the
nodel i ng and | ower that curve beyond 10,000 years. And so
those are two items that | would put on nmy list, and then
al so | have several favorites, extensions of John

St uckl ess' work in natural analogs |I'd like to pursue to
show that the nodeling that we're doi ng of seepage is
probably conservative, to put it mldly.

KNOPMAN: Let me just ask one other question somewhat
related to this. And that is that as |ong as the
assunpti ons about waste package behavior hold and you're
not really | ooking at failures until 40,000 years out,
then it seems to me it's largely irrel evant what happens
during the thermal pul se.

VAN LUl K: That has been ny position for sone tine,
and you put the words right in nmy nouth.

KNOPMAN: | nmean, | don't believe that, but |I'mjust-
-that is the | ogical extension of what you' ve been saying.

VAN LU K: That is the |ogical extension of what |'m
saying, yes. |If we can sustain that case, then what
happens in the first thousands of years is irrelevant to

t he, you know, 10 to 40,000 year performance.
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One nore itemthat | forgot to nmention on the
list. There seens to be an opportunity for dropping the
concentration of radionuclides travelling fromthe waste
package into the unsaturated zone by | ooking at the
secondary mneral formation and the |ikelihood that
radi onucl i des would be trapped in them This is kind of
t he phenonenon that you see at Pena Bl anca, for exanpl e,
where after mllions of years, the oxides of uranium
actually contain a | ot of the radioactivity that coul d
have gone away but didn't. O course, a lot of it has
gone, too. But that's the kind of thing where we need
sone insights fromsystens that have been around a little
while to match with | aboratory observations. So
there's basically three areas; waste package, waste form
behavi or, and seepage to me are the three highest priority

items, and | don't know what the RSS results are because |

haven't read the |atest version. But | bet they're anpng
that list that we'll be showing you in a few m nutes
sonmewher e

CRAIG (Okay. Seeing no other questions, thank you
very, very much, Abe.

EW NG Mire comment | guess than a question, but you
m ght respond. In your |list of your approaches to dealing
with uncertainty, one thing that's mssing fromthe |i st

is an anal ysis of how the uncertainty propagates through



442

the analysis. That's a very sinple exanple for water/rock
interaction. Say you wanted to know the pH, then there's
sone uncertainty in terms of the m neral phases present,

t he amobunt of water present, the tenperature, the

t enper at ure dependence of reactions, and so on. And al

of those factors cone from other nodels. They have an
uncertainty, and so the calculated pH will have an
uncertainty band with it, even before you do the
probabilistic analysis. Do you have any plans to | ook at
how t he uncertainty propagates through your anal ysis?

VAN LU K: | think Bob showed in his table and in his
exanmpl es that to the extent that the process nodel and the
abstraction pass through the uncertainties, they're fully
i ncorporated into the TSPA npdel

EWNG Now, |'m saying sonething very different.

VAN LU K:  Okay. Then | m sunderstood you.

EWNG |'msaying that all of your 400 paraneters,
your input paraneters, half of them sanpled over a range.

Each of those parameters has a certain uncertainty.

VAN LUl K:  Yes.

EWNG And in a normal scientific analysis of very
sinpl e systens, we routinely track the uncertainty as it
propagates through the analysis, and it grows very
qui ckly. The nmean val ues may not change very nuch, may be

useful, but as you extrapol ate over space and tinme, you
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expect that uncertainty to grow. And the, you know, what
has been presented to us where you | ook at the range of
the 5th to 95th percentile, that's not at all the measure
of the uncertainty of your nodels. |If you stand 20

kil ometers away and sanple the water in a well and

cal cul ate a dose, you're not capturing at all the
uncertainty of the nodels used in the perfornmance
assessnment .

VAN LU K: | think I understand what you're saying,
and | think that's one of the reasons that we have this
test for, is looking right at the 121 AMRs and the
abstraction AMRs to see, one, how was uncertainty treated
in those AMRs, two, how is it propagated out, and do we
need to change or add to the way that uncertainty is
treated at that very low Il evel that you' re tal king about.

And that's what this whole task force is about. | just
showed two exanpl es where we eval uated two nodel s, which
are actually parts of clusters of nodels addressing | arger
issues. So | think we hope to be getting at exactly what
you're tal king about.

CRAIG (Okay. Abe, thank you very nuch. W wll now
call this session to an end.

COHON: Thank you, Paul, for your fine job of
chairing this norning' s session.

Though nore than two peopl e have signed up on the
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public comrent sign-in sheet, nmy understanding is there
are only two who have to | eave early today, and they're
Judy Treichel and John Hadder.

Is there anybody el se who wanted to nake a
comment today and will not be able to stay until the 5
o' clock or so comrent period?

(No response.)

COHON: Seeing none, then I'Il call first on Judy
Treichel. Judy?

TREI CHEL: Thank you very nuch, and especially thank
you for changing the schedul e after everything sort of got
i nposed on us at the sane tine.

It strikes ne as | sit here and listen to this,
and |'ve been doing it for a very long tine, that the
Yucca Mountain project is a terrific one for doing field
wor k, for doing |lab work, for doing all sorts of
i nportant, interesting science. But when you start
showi ng vi ewgraphs and tal ki ng about receptors, that's
where it all changes, because you can do a whole | ot of
guesswork and you can do a |l ot of possibilities,
probabilities, TSPA, all of that sort of thing, but if
it's with the intent of then putting it onto an unwilling
receptor, or a person who you' ve actually met, | think
it's wonderful that you' ve gone to Amargosa Valley to have

neeti ngs, you know M chael Lee, you know t he MKrakens,
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you know a | ot of those people, those are the receptors,
as well as their children and their grandchildren and
peopl e who come on, and | think this is a dreadful thing
when you | ook at it that way.

When Ivan Itkin was standing up here, he tal ked
about how they're working to finalize the regul atory
framework. There was a regulatory framework when we all
started on this thing, and of course we were assured for
years and years and years that that was in stone. Yucca
Mountain had to crash up agai nst that and survive. And,
of course, you know that that's not the case.

Al so, when Dr. Itkin was asked about what is the
design, and he should certainly be able to tell all of us
what the design is, and nmy next statenent isn't
necessarily all nmine, |I've been discussing this with other
peopl e, but what conmes down is he nade the statenent that
ri ght now, we're tal king about the Wi ght Brothers
airplane. And what he's expecting us to swallow is that
when this thing gets done and gets built, he will have
sonehow nmagically built the space shuttle that we can al
be absol utely confident in.

And even if it turned out to be the space
shuttle, and | don't have any confidence that it will, you
shoul dn't be marchi ng people at gunpoint into that thing

against their will, and then flying it over their Kkids
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against their will. This whole thing is crazy in what
we're seeing, what we're tal king about, and the fact that
people are going to be forced to accept it as being true.

When the presentation was given by Drs. Barkatt
and Gornman, they tal ked about problens that had al ready
happened with sone fairly fancy nmetals, and it happened in
nucl ear reactors, and the big difference is that you can
afford some trial and error when you' re doing a nucl ear
reactor. You can shut if off. You can fix it up, and you
can turn it back on. That's not the case with Yucca
Mount ai n.

The questions come up here many tinmes, well, what
do you, with various presenters, what do you think you
need? What kind of work do you think should be done? And
each one has answered you, and yet we're screan ng toward
this site recommendation. There's a lot that's stil
needed. There's a lot of work still to be done, and there
probably al ways will be.

| think it's dreadful the way that those charts
were diddled with so that when you were | ooking at doses,
if you didn't know and if you didn't ask the right
questions, and thank God the right questions were asked
here, that you had doses going froma picture that you
could look at from 100th of a mlliremto 3 rens. And

that's part of this risk performance based stuff that
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we're supposed to fall in love with, and we're not. And
the old guidelines that I nentioned earlier would not have
al | oned that .

| don't think that |1've seen anything having to
do with defense in depth. First, we were told the
nmount ain was perfect. You could toss the stuff bare naked
inside of it and it would be just fine. Then we were told
that C-22 would | ast forever. And as we've heard, there's
serious questions about that, in fact, outright failures.

Now it's all hinging on titanium and the 40,000 years

seens to be a given. There is no given 40,000 years. |If
sonebody | ooked hard enough at titanium it's probably not
going to stand up either.

And just finally, the evaluation of uncertainty,

as Abe was just talking, is supposed to be comng in in

Novenber of this year. That coincides--well, maybe it

will be in the same package with the SRICR. | think these
things are really piling on. | think it's unfair. |'m
not sure as a public advocate, I'"'mstill talking to other

publ i c advocates, what we're going to do about the SR/ CR,
but I doubt we're going to do very nuch.

And just as a final statenment, none of this has
to happen. It doesn't matter that Yucca Mountain is the
only site. W're just not ready to do it yet, and we

aren't solving the problem W' re clearing space for new
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wast e.
So thank you.
COHON: Thank you, Judy. Now I call on John Hadder.
If you would state your nanme again and your affiliation,
if you like, so we have it for the record?

HADDER: My nanme is John Hadder, and |I'm on staff
with Citizen Alert out of the Reno office. | appreciate
this opportunity to speak, and it's been quite
interesting, all the information that's been presented.
agree it's inpressive. |It's also very confusing, and |
shoul d point out that the same kind of information was
presented in a simlar manner at |ot of times at the
hearing with the public, and they're not often of
techni cal background. So that problem needs to be
seriously addressed in the area of public confidence
around this entire program because there is al nost none,
and certainly al nost none in Nevada.

| want to state for the record that Citizen Alert
is very concerned about the public process around this
consi derations report. Wat we do support is public
heari ngs around a site recommendati on report that contains
all the information that the President would see, so that
the public's comments that would go to the President are
meani ngful, and that the tinme is not wasted.

One thing that has happened a | ot in Nevada is--
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and |"msure it's true in other places as well--is the
public has felt frustrated by com ng to public hearings
and maki ng comments and feeling |like they haven't been
adhered to or they haven't been listened to or their tinme
has been wasted. This again addresses the problem of
trust.

We all know this is a political solution to the
probl em but the public should be involved on the
radi oactive level. And it should be meani ngful.

So we do not trust basically the process around
t he considerations report, but we would very much wel cone,
and by |aw, a hearing around the site recomendati on
report, period.

Also, the final EIS won't be avail able until next
year either, so the public will not have a chance to | ook
at how the DOE responded to its comments around that.

That is also very unfair. |It's very disrespectful to
where the public is at in this whole process.

And in regards to the total system performance
assessnent, again, this is another one that the public
nei t her understands nor trusts. | think that the big
el ephant in the roomare the guidelines, the guidelines
that still exist to this point, which do have actual
conditi ons based on the physical characteristics of the

site itself. This is sonething we can kind of understand.
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And also Citizen Alert recognizes that a TSPA is a

val uabl e tool and could be very useful, and we don't

di sregard that its work is inportant to the Yucca Mountain
project. However, we don't see that it should be used
exclusively in determning the suitability or the
regul at ory procedure around Yucca Mount ai n.

Qur recomendation is why don't you use the
subsystem performance criteria in tandem with the TSPA.
Woul dn't that better protect the public? Wuldn't we have
a better sense? Wuldn't we be better, nore confident in
what we're doing? W' ve never really gotten a good answer
to that.

| want to also state that be careful in all this
science that we don't dive into the Oppenhei mer Syndrone,
as | call it, where we |ose track of what we're dealing
are real people that will be affected by this. | think
Judy spoke to that briefly. Science can be very
interesting, but remenber there are peopl e behind al
inplications of this, and | appreciate that the Board wi |
take that very seriously.

We certainly do in Nevada appreciate the Board as
an ear for concerns, and to really evaluate what's going
on objectively. W haven't seen a | ot of objective
eval uation in other areas.

There are a couple--1 have a few comments around
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t he di scussion of--technical coments around the

di scussion of C-22. There was the idea that there was
certain information that was not understood by the nuclear
i ndustry and their realistic range of material conditions
and stresses. |1'd like to point out the possibility that
maybe nore was understood than we think, and that the
nucl ear industry is possibly driven by profit. | know
it's an ugly word, and |I know that we don't want to admt
to that, but these thing happen. So let's be aware of
possi bl e uncertainties in the process that are based on
maybe | ess than honorable intentions. It does happen and
we have to face up to that fact.

Al so, too, | wanted to point out something that
was brought up regarding the assunptions and results
around the conponents of the waste form degradati on nodel.

At one point in the discussion, there was a plot shown,
which is the neptuniumsolubility versus pH, and they used
three points to validate a nodel. This was used for
t hermal -dynam ¢ data as a reference. Three points?
hope this is not common in the project that only three
data points are used to validate an actual nodel. To ne,
that's scantily short information. Certainly when | was
going to school, | would have been | aughed out of the
cl assroom for that.

And, again, | also agree that dose rates, and so
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1 forth, should be represented in a realistic nmanner so the
2 public can understand them
3 | appreciate the time. Thank you very much.
4 CRAIG Thank you, M. Hadder. W w |l now adjourn
5 for lunch, and reconvene at 1:15 for the afternoon
6 session.
7 My thanks to all the speakers for their
8 contributions this norning.
9 (Wher eupon, the lunch recess was taken.)
10
11
12
13
14
15
16
17
18
19
20
21 AFTERNOON SESSI ON

22 CHRI STENSEN:. Good afternoon. | hope you' ve had a
23 good lunch and are well fed. M nane is Norm Christensen,
24 and | have the honor of chairing this final session of the

25 Board's summer nmeeting.
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Before you, are all of the speakers from our
previ ous sessions on TSPA/ SR. For the npost part, and
agai nst our core instincts to do otherwi se, we have
limted our questions to these folks to issues of
clarification. | enphasize for the nost part.

We will now submit to our core instincts and |
know t hat many on the Board, as well as our advisors, have
i nportant questions and comments for this panel.

You m ght recall that Rod Ewi ng and John Kessl er
are here as advisors to the Board on TSPA-rel ated issues,
and that Bill Melson is here to help out on questions
related to volcanismand its effects. And John and Bill,
| hope you'll feel free to chime in on these questions,
and for that matter, on any other issues that have cone up
over the |l ast day and a hal f.

"1l come back to the panel in a nonment, but I
want to point out that foll owing the panel, Dennis
Ri chardson will discuss the | atest version of the
repository safety strategy, or the RSS. This strategy is
the set of structured argunents that the Departnent of
Energy will use to convince us, the Board, the
adm ni stration, the Congress and the public, that the
repository is, indeed, safe. And as such, it's obviously
very inmportant.

The Board is especially interested in the non-
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TSPA el enents of the repository safety strategy, in
particul ar, issues related to natural analogs and their
actual use, defense in depth, and issues of safety nmargin,
and the Department's views on principal factors, that is,
t hose technical factors nobst inportant in determ ning
post-cl osure safety.

General plans will be presented by Dennis on work
that the Departnent feels is inportant before it proceeds
to licensing, if indeed Yucca Mountain is recommended as
the site for a permanent radioactive waste repository.

Abe Van Luik will close this technical session
with a wap-up fromthe Departnment of Energy on the
per f or mance assessnent.

I will then hand the neeting back to Chairnan
Cohon for our public comment period, and would like to
point out that if you would like to, that is, menbers of
t he audi ence and public, would like to ask questions or
make comrents during that session, please sign up with
ei ther Linda Hyatt or Linda Coultry at the table on ny
| eft and your right.

You may al so provide themw th questions during
this session, witten questions that we will try to, if we
can fit themin, address to the panel and presenters.

Okay, let nme come back to the panel. Qur rules

for this session will be relatively sinple and relatively
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open. I'll try to keep close tab on the sort of queue of
gquesti oners anong the Board and the panel. Board nenbers
and our advisors will get first shot, and then foll owed by

the staff, and if there's tinme, we may be able to take
gquestions fromthe public.

I will try to be careful on the order of
gquestioning so we can keep everyone in the queue, but |
will want to, as you're asking questions, if there are
particul ar questions directly related to a particul ar
question, that we try to deal with those sort of in one
set so that we have a nore coherent conversation. So |
woul d ask the Board nembers as they're posing initial
gquestions in an area, to keep themrelatively broad, and
then if individuals want to chine in on sonething very
specific to that question, that that would be appropriate.

Ordinarily being the shiest nenber of this Board,
I will exercise actually chairman's prerogative, and |
would like to ask the first question to open this up, and
then I'Il take ny seat and act nore like a chair.

This is probably a question directed nost
specifically at Dr. Pasupathi, and relates directly to
i ssues of waste package performance. Until recently,
nearly ever performance--or every presentation of
performance that |'ve seen has showed sone radi onuclide

rel ease prior to 10,000 years. That is particularly true
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in the TSPA/ VA

Not withstanding issues related to vol cani sm and
seismc activity, we now see no rel ease under any scenario
until after that time. As near as | can tell, there have
not been really mmjor changes in the waste package itself,
and so one mght ask in a sort of cynical vein whether
this is sinply a matter of knob tw sting of the nodels,
whi ch nmoves the degradation of the waste package out to a
later tine.

More positively, what | would ask is
specifically, and this may be to clarify things that you
covered yesterday, what have we | earned since VA that
makes us now nore confident that we really won't see any
so-called juvenile failures, or failures in the first ten
m |l ennium of the operation of the repository?

PASUPATHI : Let ne try to answer the question as
broadly as | can, and hopefully | can get sone help from
several of ny colleagues who are seated in the audience.

First, we do have quite a bit of a different
design in waste package conpared to the VA design. And
goi ng back to the juvenile failure, we did not really have
a nodel, so to speak, for juvenile failure in the VA, As
| mentioned in nmy presentation, some of the assunptions
and the choice of how many failed, when they failed were

sonewhat arbitrary and based on data that aren't
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particul ar relevant to the fabrication of the waste
package and the process that we're going to use. So
that's one reason we do not have early failures at the
time, same kind of time frame that we had in VA

In the current nodel, we do have a basis, we
bel i eve we have a technical defensible basis for the early
failure scenario. And |looking at all of the probabilities
of different aspects of fabrication, human factors, and
all, we believe that the manufactured flaws in the weld is
the only aspect of waste package design that coul d
contribute to early failure. That, too, it says that when
you have defects, just the defects by thensel ves are not
going to go and cause a failure on day one. You need to
have an additional mechanism such as l|localized corrosion
or stress corrosion cracking, to have a defect propagate
into a true wall failure. So that's what we have built
into our stress corrosion cracking nodel, and the results
of that nodel show that the--our of the 100 reali zations,
or so, you get the earliest failure starting around 11, 000
years.

CHRI STENSEN: Let ne be clear then that the main
thing, it sounds to ne like, that has changed then is the
extent to which human error in fabrication plays a role,
or the fabrication process. |Is that where the main

assunpti ons are?
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PASUPATHI :  No, they have been taken into account in
the current early failure nodel. There was an anal ysis
done in AMR on that subject, |ooking at all aspects of
human factors, all aspects of manufacturing the waste
package, and it turns out the closure weld flaws happen to
be the only ones that could lead to early failures.

CHRI STENSEN: We'Il go with Paul, and then with Dan
Bul | en.

CRAI G Yeah, this exchange rem nds ne of a section
in Richard Fei nman's book on the Chall enger inquiry where
he asks several engineers what the probability is of
failure, and one of themwites down zero, and sone of the
ot hers give sone nunbers which are different from zero,
not very big, but nevertheless different. And fromthis,
Fei nman goes on to tal k about a certain managenment
mentality.

When the probability of failure is zero, one
really does have a reason to worry. |t would be very
useful to, and I'm now asking you if you would either say
that you really do believe the probability of failure is
zero, or else give ne a nunber.

PASUPATHI :  No, we're not saying the probability of
failure is zero. Wien it occurs is the tine frame we are
cal cul ati ng on the basis of what we have. |In other words,

the failure does occur at 11,000 years, for exanple.
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CRAIG No, no, | nean specifically failure prior to
10, 000 years, and you seenmed to be stating very clearly
that the probability of that is zero. AmI| wong?

PASUPATHI :  No, it does occur at 11,000 years, and no
failure occurred bel ow 10, 000 years.

CRAIG Let ne repeat it. |'m asking about failure
before 10,000 years, between zero and 10,000, and the
statement that you appear to nme to be making is that the
probability of that failure is exactly zero. |Is that
correct?

PASUPATHI :  No.

CRAIG If it's not correct, then what is the proper
nunber ?

PASUPATHI : |'m sorry, let ne have Bob Andrews answer
t hat .

ANDREWS: It's not zero. |It's a very |ow nunber, and
what drives that very | ow nunmber, because we can push, you
know, with the distributions on flaw sizes and fl aw
uncertainty, defect size, defect uncertainty, the rates
t hat we have, the stresses and the uncertainty in the
stresses, it's clearly possible with a very | ow
probability to have pre-10,000 year failure. So it's not
zero. However, it's a very small nunmber. It's maybe 10
to the mnus 5, 10 to the m nus 6, sonething in that

or der . If we | ook at the flow and defect distributions, |
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don't think Pasu showed the actual curve of them but it's
in the supporting AMR. He summarized it in his table.

The probability of having a flow of sufficient size to be
t hrough wall at the weld fromthose observations is |ess
than 10 to the mnus 8. So, yes, it's possible, it's
greater than zero, but below the kind of 10 to the ninus 4
regul atory concern. But it's not zero.

BULLEN: Bullen, Board. Actually, | have sone
foll owup for Pasu here. When you' re evaluating stress
corrosion cracking, you are enphasizing the stress relief
at the final closure welds of the inner and outer lid. Do
you have any nmechanismto take a | ook at residual stresses
that may be endemic from just the manufacturing and
processi ng, grinding, handling, bunps, dings, whatever
happens? And how do you handl e that as another driving
force for the initiation of a surface flaw?

PASUPATHI :  As the cylinders are being nmade, we plan
to anneal all of the cylinders. The only ones that would
not be anneal ed woul d be the final closure welds, and
that's where we are doing the mitigation steps on those.
As far as handling and other things of concern, those were
addressed as part of the early failure mechani sm using
human factors val ues.

BULLEN: So you've incorporated that part using the

human factors eval uati on.
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PASUPATHI :  Yes.

BULLEN: Actually, maybe you could be a little bit
nore specific. Wien we | ooked at the VA design, there
wer e ot her mechanisns to allow the canister to fail, and
t hey were contained in the Waste Package Degradati on
Model , WAPDEG, and | assune that those failure mechani sns
are still there, localized corrosion, general corrosion,
crevice corrosion. You nentioned that the ones that
you're havi ng operational now, or that are operational,
are stress corrosion cracking, aging and phase stability,
MC effects you listed in your Nunber 6 viewgraph, and
then potential effects, radiolysis and then the boundi ng
conditions on the environnent on the waste package and
drip shield. You use the FEPs process, the features,
events and processes to toss out, because they were | ow
probability of occurrence events; is that how you screened
out not having localized corrosion, crevice corrosion,
general corrosion in this?

PASUPATHI :  No, sir. The general corrosion nodel is
in the WAPDEG, and so is the localized corrosi on nodel.
And there we are looking at the critical potential for
corrosion, |ocalized corrosion, and the threshold
potential for localized corrosion. There is a nodel in
WAPDEG. It conpares the pH and the potentials required to

cause localized corrosion. |If the potential is not
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exceeded or the delta is not there in the positive range,
it doesn't turn the localized corrosion on. So the node
does exi st.

BULLEN: Okay. And then do you al so have a nodel for
radi ol ysi s?

PASUPATHI :  No, there is no nodel for radiolysis.

BULLEN: And that was screened out by FEPs?

PASUPATHI : That was screened out by FEPs, yes.

BULLEN: 1'Ill just express ny concern. And you
al ways note it. But | think you m ght want to take a | ook
at that, particularly in light of the fact that you're
| oadi ng packages that have a pretty high surface dose rate
in a potentially noist air environnent. [It's going to be
hum d in there.

PASUPATHI: As far as the radiation dose rate of the
surface, or the dose |evels of the surface, the highest
number |'ve seen for 21 PWR case with the fairly hottest
fuel, I would say, five year cool ed fuel, 70,000 negawatt
burn-up, is about 1200 rem per hour. That is as | oaded.

BULLEN: Okay, 1200. So that's down from about 3700,
which is the last nunber | had in ny head.

PASUPATHI : Right, it is down, and also after 25
years or so, it goes down to in the hundreds rather than
t housands.

BULLEN: Right. Any chance that you're going to have
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a shield plug in the top of that so you can rework that
wel d?

PASUPATHI :  Don't know.

CHRI STENSEN:  Dr. Cohon?

COHON: Thank you. | wanted to follow up on the
point | started to make during Abe's presentation before
the lunch break, and | prom sed that | would try to cone
up with some additional specific exanples to try to
denonstrate this point, the point being that there's
danger in artificially, ny word, artificially, bounding or
limting the range of uncertainty with regard to certain
par anmet ers by using TSPA performance results.

Let nme try out two. One, in Kathy Gaither's
presentation, you made the statenment that--and it was
brought up again in gquestioning--that though you would see
or predict a ten-fold increase in fault aperture, that
woul d have no i npact.

Now, the question is when we say--when you say,
when you conclude that there's no inpact, does that nean
no i nmpact on dose, or no inmpact on water flow?

GAITHER: It's both, in ny opinion. |I'mgoing to |et
Bob di scuss that in detail.

ANDREWS: Yeah, | nmean, the answer is--1 think Kathy
is right. It is both. |If there's no effect on flow,

which is the process that changed in this case, we've
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changed flow properties, in this case, pernmeabilities or
apertures or porosities, and that change, al beit may be
| arge and may be | ocal, did not change the flow, because
the flowin this systemis driven nore by the boundary
conditions, in particular the infiltration rates, the
climate state, not by the properties of the rock per se.
It's how much water is noving through the systemthat
affects the system performance, and if it doesn't change
the flow, then it won't change perfornance.

COHON:  Yeah, please, save nme the trouble and you the
time. You don't have to explain that to me. The question
was are we tal king about no inpact on flow or no inpact on
performance? And you've answered it; no inpact on flow.

The second exanple cones from Christine
St ockman's presentation. This is the problem of not
yielding to our base instincts during the presentations,
because now we don't have the slides up. The diagram you
showed of--it's Nunmber 5, the pH over tinme, does that
depend on assunptions nmade about seepage fl ux?

STOCKMAN:  Yes. The reason | was saying before that
there was a larger uncertainty in the process nodel runs
was because there's a wide range of seepage in the process
nodel runs. In these runs, there's alnost--there is no
seepage before 40,000 years, and then after that, it's

very minor. So all the uncertainty from seepage is not
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showi ng up in these TSPA runs.

COHON: But does that have inplications then for how
uncertainty is represented within the I want to say base
case, but that's not what you call it. You call it
nom nal case, | guess. The way you represent possible
ranges of pH values, is that then influenced by what you
just said about seepage flux?

STOCKMAN: Correct. |If the seepage in the non nal
case was a |l ot higher, you would be sanpling nuch nore
neutral pHs, and you'd see the broader range of
uncertainty in the outcone.

COHON: Then the question is isn't this seepage | ower
as seen by Christine's nodel because of the waste package?

STOCKMAN:  Yes.

COHON: So here's an exanpl e where the design--yeah,
because of the drip shield. So you see this is an
example. This is exactly an exanple of ny point. And
it's alittle bit troubling, especially in light of the
presentation we received about the work from our visitors
from Catholic University and el sewhere--go ahead, Dan.

BULLEN: At the risk of really putting nmy career in
jeopardy, I'mgoing to disagree with you

COHON:  Yeah, that's true. \When was the last tine |
fired a Board nenber? Hey, Bill, can | fire Board

menber s?
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BULLEN: Have to wait till the election is over and
get the new President.

COHON:  Yeah; right. Go ahead.

BULLEN: Why can't you take credit for the design? |
know you' re tal king about reducing uncertainty.

COHON: Here's the point. It's a subtle point, but
it's a crucial one. Taking credit for the design should
nmean that you get this performance because of the design.

It should not mean it changes the way you represent
physi cal processes in TSPA. That's mnmy point.

BULLEN: But | have a question. Don't you just turn
t hat physical process off with the design?

COHON: What if the design changes? What if we don't
know as much as we thought we did? What if titaniumdrip
shields in fact could be m splaced so that water can get
t hrough t hent?

BULLEN: | agree with that uncertainty.

COHON: That's my point.

BULLEN: But | guess | don't see it wong to turn off
a mechanismif the design mtigates or adapts for it.

Ot herwi se, you wouldn't be able to take credit for any
desi gn.

COHON:  You know, |I'd be nore confortable if you
actually turned off the nechanismrather than changed the

way you represent it in the nmodel. You limt the range of
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uncertainty.

BULLEN: As would I. If they turned it off, | would
agree with you then.

ANDREWS: This is Bob Andrews again. W have to be
careful that when you're in a process nodel and they're
devel opi ng a response surface, which is what Christine is
tal ki ng about, a response surface that says the chem stry
is a function of seepage, which is what they've done, and
t he seepage they say, well, | don't know what the seepage
is, but I knowit's a function of seepage, so let ne run
this process nodel over a very w de range of possible
seepages, and that's what they did, and | think did it
appropriately and correctly.

Now you cone to the integration tool. You come
to the performance assessnent, and you say, well, that's
nice that you ran this over a wi de range of seepages, and
in fact we asked you to do that, because we didn't know
what seepage we were going to get, but when we inpl enent
it, we know what seepage we're going to get, and it's
within, you know, it's still a band, but it's a narrower
band than Christine ran her process nmodel over. Thank
goodness. | nean, thank goodness our band of actual
seepage uncertainty is well constrained within her total
band that she did her process nodel on.

COHON: Let ne interject a specific question to help
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me with nomenclature. What you just described, is that
t he abstraction process froma process nodel ?

ANDREWS: It's the abstraction and the integration in
t he TSPA.

COHON: Yes, | understand. But the process nodel
t hen you're saying has a w der range of uncertainty. But
in abstracting fromthat for the TSPA run itself, you nay
narrow t he range of uncertainty.

STOCKMAN:  We actually didn't narrow the range in the
abstraction. If we put in a high seepage rate, we would
have gotten a nmuch different pH range. So the uncertainty
is in there. It just was not sanpled in this TSPA.

COHON: Now, is that the same thing you just said
before, though?

STOCKMAN: | think I may have, after talking to sone
people, | think that maybe the way | spoke about it was a
little confusing. There is only some |oss of information
in the abstraction process, but the full range is there.
If the full seepage had been sanpled in the PA, we woul d
have seen the full range of uncertainty in the pH output.

COHON: So if you suddenly got a call from Bob saying
we' ve decided to take out the drip shields, your nodel--
everything you' ve done up to now would still be applicable
to the next runs?

STOCKMAN: Still work, yes. And you' d see a nuch
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wi der range in the co-disposal pH

COHON: Okay. It sounds like I still haven't come up
with an exanmple where this is really a concern. | have a
whol e |ine of questioning about heat, but 1'll wait

because that has anot her- -

RI CHARDSON: Dennis Richardson. |'d like to just add
a comrent onto your question, if | understood it right.
If we have parts of the design, say the engineering
design, that we take credit for in ternms of perhaps
mtigating water or whatever, that would have to be
clearly identified in the licensing application, and the
basis for that would have to be identified. |If |ater on
we found that we made a m stake or we had to change that,
we woul d then have to identify that change by law to the
Comm ssi on, and we m ght even have a reportability to |ook
at, because anything that woul d be agai nst the design
basis, or violate the design basis, imediately has to be
reported and have to be re-anal yzed. So there is
protection for the Comm ssion. The applicant must do
this, and any of the bases for either the natural or the
engi neered design that we credit has to be clearly
identified, and we have to show that we're always within
t he bounds of that basis. So fromyour point, | think
there is--we certainly should credit what we want to

credit. But then the applicant again always has to show
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really has nothing to do with that.

and |'m sure that you will docunent

you t ake.

My question is purely a nodeling issue. It goes

back to TSPA and the way it works. But |

sonmeone el se for

CHRI STENSEN:  Dr .

now.

"Il defer to

Sagués, and Dr. Wong is on deck.

And maybe we could just ask everyone if you do conme to the

m ke

we do the official

speaki ng.

they could identify ne wthout

name.

agai

of t

under st and t hat

, to just say your

name before you speak so that when

transcription, we'll know who was

It's a very confusing and | arge group.

SAGUES: Al berto Sagiiés, and | have the feeling that

n, we nmay hear

he panel .

But anyway,

Specifically, fromDr. Bullen's

t he need of saying the
this is a question to Pasu, but then

answers from sone of the other nembers

question, |

| ocalized corrosion is indeed set up as a

nodul e of the waste package degradation program But do

understand correctly that that particul ar

pat h does not

get activated because the conditions are never presented

to t

set

ri gger localized corrosion? |Is that

up?

PASUPATHI

Yes,

that's correct.

the way this is
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SAGUES: Okay. So then ny question has to do with
t he reasons that you provided here in your presentation as
to why localized corrosion is not included, and one of
themis that specinmens with geonetry in the long-termtest
facility, the tanks, right, at LLNL showed no evidence of
| ocal i zed corrosion. Now, first of all, those tests that
showed no evidence of l|ocalized corrosion have been goi ng
on for, what, two years, three years?

PASUPATHI : At |east two years.

SAGUES: At least two years. And needl ess to say,
we' re tal king about extrapol ating that kind of
information, if that is the information that we use to
make the decision, we're using that for an extrapol ation
into the 10,000 to 100, 000 years regime, and | think that
that--1 would say that unless there is a | ot of additional
explanation to it, | don't see the technical justification
for such an extraordi nary extrapolation of results if it
is based sinply on observati on.

One thing that is not being collected in the

|l ong-termtest facility is the open circuit potenti al
information for those specinens, which is, as you know
very well, a crucial piece of information. |If for sone
reason those specinens are developing a field negative
potential, you're not going to initiate |ocalized

corrosion. They're going to be protected. So before |
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continue, | have two other points, what would be your
observations on that?

PASUPATHI :  I'Il try to answer, and | nay need sone
help fromDr. Gordon and the audi ence also. The |ocalized
corrosion nodel is not just based on the two year
corrosion data or the specinmens, crevice specinens | ooked
at fromthe two year data. It also is based on the cyclic
pol ari zation test done with those three nedia. In
addi tion, we have added the saturate solution as a nedia
also. This is approximately 15,000 J-13 in terns of
chl oride concentrati on.

And | ooking at that data, we find that the
threshold for the localized corrosion is not exceeded
under these conditions with these environnments. Okay, the
tests were also done up to 120 degrees C. with the
saturate media. So that is the basis for the nodel, and
the two year data is only a corroborative evidence. And
in addition to that, Dr. Farmer had done a crevice
corrosion test using rmultiple crevice forns with the basic
wat er solution, as well as lithiumchloride that we | ooked
at, and he has not found any crevice corrosion in any of
t hese sanpl es.

SAGUES: You are aware, of course, that the cyclic
pol ari zation test, and that was nmy second observation, the

tests are conducted--in which you get a specinmen in a very
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smal | surface area. You take it to a condition which is
quite unnatural. First of all, you strip out the oxides
fromit, and the |like, or maybe you start fromthe open
circuit potential, and then you run a scan up and down.
The test is finished in a few hours. And then maybe you
can do a dozen of these tests, maybe a couple dozen of
these tests. But that by itself is again a very limted
base of information to nake a decision on what the
performance of the material will be over, again, this
extraordi nary | ong period of tine.

So basically--well, in addition to that, the
cyclic polarization tests have to be taken together wth
sone kind of an assunption as to what will be the open
circuit potential of the material, again over the |ong-
term And again, as you know, the open circuit potenti al
of stainless steels and alloys of this type tends to creep
up with time, and we don't know at this noment what will
be the |l ong-term evol ution of open circuit potential. It
coul d be creeping up and creepi ng up, maybe ai ded by
t hi ngs such as radiolysis on the surface of the material,
and then it could conceivably get into regi mes where
| ocalized corrosion coul d perhaps be triggered.

PASUPATHI : | believe Dr. Farner took into account
the effect of potential changes due to radiolysis, in

addition to what he was doing with the cyclic
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pol ari zation. | don't know if Dr. Gordon can add any nore
toit in terms of using the cyclic polarization test
results.

GORDON: Jerry Gordon, M&O. In addition to just
doi ng the cyclic polarization tests, the margi n between
t he breakdown potential and the open circuit potential was
several hundred mllivolts in these range of environnents.

So even if the potential drifts up, for exanple with the
hydrogen peroxide, it went up as high as 200 mllivolts
above open circuit, that still left a lot of margin in
terns of the breakdown potential for the passive film W
are doing nore testing and |longer termtesting to confirm
the results.

SAGUES: Okay, thank you. That's part of what |
wanted to aimat, that is, that naybe the anount of
information that we have available right nowis stil
quite limted. A 200 mllivolt swing in the open circuit
potential, although fairly large, is not something that
could be conpletely ruled out on the basis of avail able
i nformation.

The main issue that | wanted to bring up, and |I'm
going to finish with this, is shouldn't these nodels
i nclude sone kind of allowance for the chance that these
assunptions, inmplenented or not, could be wong, that

building it mathematically in some fashion, you coul d
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establish sort of a probability, quantitatively, that this
swi tching, for exanple, of corrosion may not be right, and
t hen building that eventually into an adjustnment to the
expected dose rate?

PASUPATHI : | can answer it this way. The localized
corrosion nodel currently relates the corrosion potenti al
to pH, expected pH of the solution, and that is taken
directly fromthe EBS chem stry nodel that cones into
contact with the waste package. So the uncertainty in the
pH is built into that nodel, and that's what's inported
i nt o WAPDEG.

SAGUES: Just one way to do it, of course.

PASUPATHI : Ri ght.

SAGUES: And there may be many other things that may
affect the value. But then again, | didn't want to exceed
my portion of the time here, and nmaybe | can |eave it at
t hat .

CHRI STENSEN: Dr. Wong, and if | don't have anybody
else, I'"'mgoing to return to Dr. Cohon. Jeff, Debra, Rod
and then Jerry.

WONG. Ckay, | have four questions, and they're al
unrel ated, but | want to ask all four questions, and then
you can answer that. And | want to do that before Dr.
Bul l en starts arguing with Dr. Cohon again.

Nurmber one is, the first question is related to
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t he bi osphere. Again, it's the issue of why the soi

i ngesti on pat hway becones domi nant in the disruptive event
scenario. | can see that a larger contribution to a soi
concentration in the case of the disruptive event is

obvious to me, and | can speculate as to why the soi

i ngesti on pathway woul d becone dom nant, but | don't want
to guess. So I'd like an explanation of that. That's ny
first question. |1'Il go to the next question

The next question is related to the saturated
zone presentation, and | saw this list of data used for
nodel calibration and validation, and as | |listened to the
presentation, for a person |like me who's not a nodeler, it
seened like all of the studies that were presented were
related to calibration. So what part was related to
val idation? That's ny second questi on.

The third question for the group is we saw each
one of the key attributes of the repository, and we saw
t he anal ysis of enhanced barrier and degraded barrier for
each one of those attributes. Are you going to present
t he whole enchilada with all of the total system
integrated with Gol dstem so we can see a final dose output
for the entire systen?

And the fourth question | have is related to peer
review. You had peer review in the VA and the peer

revi ew group pointed out a nunmber of deficiencies or
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issues related to the VA. Are you going to do a peer
review of the SR? It seens |like that that woul d be
| ogi cal because it's a really inportant docunent, and you
woul d want to make sure that none of those issues that
were originally pointed out in the VA persist in the
docunments such as the SR. So those are ny four questions.
SCHM TT: 1'1l take one of them This is John
Schmtt.

The question regardi ng bi osphere and the concern
about why is it that soil ingestion and inhalation are so
dom nant for the vol canic eruptive scenario? |'ve been
digging to be able to answer this, and |I've got a nulti-
part answer. Let ne say that in ny slide, nmy Slide 11, |
tal ked about the sensitivity results for the vol canic
eruptive scenario, and indicated that what we found is
that soil ingestion and inhalation dom nate for nost
radi onuclides. And, indeed, that's true.

Perhaps | should have gone on further fromthere
and say that for a |lot of radionuclides, the third nost
dom nant contributor to the bi osphere dose conversion
factor is |leafy vegetables. And we saw | eafy veget abl es
be very inportant for the nom nal case, too. And, in
fact, for seven out of twelve of the radionuclides that
|'ve got inthis table, I"'min the PMR on Page 3-66, Table

324, for seven out of twelve of these radionuclides, this
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third paraneter, this third in the priority of paraneters,
cones in in the range of 10 to 15 per cent contribution to
the BDCF. So it's not negligible. So |I probably shoul d
have gone on and tal ked about that some, and not | ust
stopped with soil ingestion and inhalation. So that's
ki nd of an answer that goes to extent of the statenent |
made.

But | ooki ng at what goes on, the nechani sms that
go on, soil ingestion is not as inmportant in the noni nal
case because you've got the source of contam nation is
fromthe soil that is contam nated by potentially
cont am nated groundwater on the irrigated |and, on the
farmed land only. And so you've got a less distributed
source term In the case of the vol cano, you've got the
contam nants all over, on all the land, not just the
farmed land. And in the case of the nom nal scenari o,
you've got this contam nant on wooded | and al so. So
there's |l ess chance for the soil to get into the air,
al though as it dries, it would.

In addition, as the people recreate, they ni ght
recreate on | and that has been contam nated by the
vol cano, but they probably would not recreate out in the
alfalfa field, you know, in the irrigated and farnmed
| ands. So those are sone of the nechanisms that go on

that cause it to look this way. But, again, that needs to
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be conmbined with the fact that | probably sonewhat
overstated what was going on, Jeff. Does that take care
of it?

WONG. t hank you.

CHRI STENSEN: Before we nove to your other three
questions, Jeff, Dr. Parizek has a couple of questions
directly related to this topic.

PARI ZEK: Pari zek, Board. On biosphere issues, there
were two things that were of concern to nme. One, you had
the present climate only as part of the assunptions in the
bi osphere nodeling. And that may have something to do
with the flow field dynam cs on the one hand, plus also
guess crop uses and so on. The other was whether the soil
variations are considered. Surely the uptake by various
soil types that m ght be present in the farmed area around
Amar gosa farmregion could be quite variabl e.

As a result, a build up of radionuclides wouldn't
be uniform sort of like the Chernobyl exanple. There's
quite a variation in terns of where radi onuclides are,
what plants take out of the soil. And so do you have a
uni f orm honogeneous soil for the whole place, or do you
have variable soil? And should you have variable soil if
you didn't include that?

SCHM TT: Right. For the PMR and the anal ysis nodel

reports, as they are constructed at this point in time, we
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do not have a variability in the soils as far as plant
uptake. So we did not go into that |evel of detail. W
know from sensitivity studies that the transfer from soi
to plant is not very inportant as far as varying the BDCF.

But we don't have--we did not do growing in ash, you
know, the transfer coefficients for growing in ash.

On the broader part of your question, if | got it
right, the anount of rainfall that would acconpany
possi bl e changes in the clinmate, as the clinmate evol ves,
as docunented in the AMR on climte change, Bo
Bodvarsson's Slide 7 showed the val ues and the peri ods
when they m ght occur. But for the nodern period, it's
190.6 mlIlineters per year, and then for the nonsoon and
the glacial, he gives values, the highest of which is
317.8 mllimeters per year. So you're adding 130 or so
mllinmeters per year, five inches perhaps.

So for the biosphere, what we'd need to | ook at
is how inportant is it to exposure of people, the
mechani sms by which people are exposed, how inportant, how
different mght it be if there were an additional four or
five inches of rain per year. And on the face of it,
there is not very nmuch difference. You would need to
irrigate less if you had nmore rainfall, irrigate less with
potentially contam nated water, although it nay not be as

much | ess as you m ght think, because if the seasonal
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distribution of the rainfall remained as it is today, nost
of the rain as happens today woul d happen when crops are
not in the field.

Additionally, that rainfall would have the
function or have the effect of rinsing out some of the

radi onucl i des that otherwi se are collecting, banking

within the soil, and | eaching themout to a |lower level in
the soil, where they were not available to uptake by roots
of plants.

So those are sonme of the types of nechani snms that
woul d occur if we did hypothesize increase in current
rainfall. We think we have a nodel in the biosphere that
is conservative in that regard. As we saw in the other
present ati ons, of course, the other nodels did include
changes in rainfall. They have a significantly different
effect on those npodel s.

PARI ZEK: One clarification question. Parizek,
Boar d.

Are children in or out of the dose cal cul ation?

SCHM TT: Children are out by the regulation. The
regulation tells us, anong nmany ot her things, that the
receptor of interest shall be an adult.

PARI ZEK: Thank you.

CHRI STENSEN: Is it directly related, Bill, to this?

MELSON:  Yes.
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CHRI STENSEN: Okay. And then back to Jeff.

MELSON: Bill Melson. 1In volcanology, air fall is
what we see all the time com ng down on people, and of
course they evacuate al nost immediately. Now, in the
future, if you had sone of the scenarios that have been
present ed, people are going to know the dose they're
getting imediately, if there is any dose. |Is that
factored in? W can't pretend as if people are going to
stay there, given any sort of significant dose.

SCHM TT: Ckay, what we assuned was that the people
would remain. |In the TSPA, we assumed people would renmain
in the area. Earlier on, we were | ooking at self-
evacuation. But we did away with that based on sone
di scussions with NRC, anpong other reasons. Sone of the
logic for that is that if you have a vol cano that its npde

of eruption is really endangering people's lives, they

will probably |eave the area. |If there's a lava flow
comng in their direction, they' Il get out of there. But
when you have the case where it's only ash fall, which is

typically what we're | ooking at here, or what we did in
t he bi osphere, where you only have ash fall, people go
about their business as |ong as they can continue to do
t hat .
One analog is M. St. Helena. People nore renote

fromthe nountain where there was only ash fall went about



483

their business and did not evacuate, and lived with the

di sconfort for a period of tine of the increased ash fall.
So it did create a bi osphere dose conversion factor for

t hat period of tinme.

Now, it turns out that when you run the nunbers
in TSPA, that period of ash fall which the mean or the
medi an, | forget which, value or length of tine is 8.6
days. It's not a large period of time, conpared with the
year, a year for which you' re doing the cal cul ati ons.

That dose is essentially lost in the noise conpared with
the rest of the exposure and dose then that they get for
t he remai nder of the year.

CHRI STENSEN:  Abe wants to chinme in here.

VAN LU K:  Just a point of clarification. | would
recommend that you read the Environmental Protection
Agency's reason for choosing the adults, because it's a
very well reasoned argunment, with a good background t hat
shows that if you ook at a critical group or an exposed
popul ati on, the average nenber or the RMElI, by definition,
you know, the statistics of the group would be an adult.
But they also | ook at the uptake factors for fetuses,
infants, children and adults, and if you' re | ooking at a
commtted dose for a lifetine, it is the adult dose that
by far outwei ghs anything that at these early stages of

life when you are a little bit nore susceptible to it, but
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they don't last long. It's really a well reasoned
argurment for why the RMEI that they want us to use should
be an adult. And | would recommend that you read that.
It's not just oh, the EPA told us to do it so we blindly
did it. They have a very good statenent of why they chose
t hat approach.

CHRI STENSEN: Di d you have an additional --

MELSON: | think it's inmportant to distinguish a
ci nder cone eruption, what's |likely to happen in M. St.
Helena. | nean, M. St. Helena was a really |arge
eruption, which we have no records of in the Yucca
Mountain area, and it's an inportant distinction, because
| hear these little diddly cinder cones equated to things
like M. St. Helena. That's a m stake. |If it happened,
t hey woul d see the cinder cone upon the slope nost |ikely,
and they woul d have sensations of what's happeni ng and
t hey wouldn't continue to run around. Certainly there
woul d be an alarm and | wouldn't ever portray that
situation of people just continuing about their average
life. That's not what they do, especially when they' ve
never been exposed to vol cani c ash.

SCHM TT: Ckay. We as a conservative assunption in
TSPA assuned that they would remain there. W also took
no benefit for institutional controls. So anything that

people did, they would do out of natural instinct and not
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directed by sone governnental agency, or such

CHRI STENSEN: Returning to Dr. Wong's questions, and
let me just say that the next in order is Dr. Knopnan, Dr.
Ewi ng, Dr. Nelson, Dr. Cohon, and then Dr. Bullen.

You' re probably going to need to go back and
repeat your question.

WONG | already forgot my questions. Saturated
zone. Again, the presentation, it was Nunber 7, talked
about using data for a calibration and validation and,
again, it all sounded like calibration to me, so | wanted
to know what was done to validate the nodel.

ROBI NSON:  Bruce Robinson. Let ne define better the
termcalibration and the way I"'musing it. VWen |'m
tal ki ng about calibration, I"'mreferring only to an
aut omat ed or sem -automat ed process in which one takes
observati ons and adjusts nodel paraneters to obtain a
m nimzation of the |east squares fit to the data. Wth
that term nology for calibration, the datasets that we are
calibrating to are the water |evels and some of the fl uxes
fromthe regional nodeling effort at the boundaries of the
regional and site scale nodels. Those are the true
cal i bration targets.

The other elenents of the nodeling, which I
wrapped up in a termthat | call validation, really gets

at softer data, data that we want to make sure the node
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is consistent with, but isn't a true calibration activity
in the sense that you're looking for a nore qualitative
consi stency with the data rather than, you know,
m nim zing some function. And that one included the
hydrochem stry, which remenber only allows us to
qualitatively map out the pathways. Another one is making
sure that the nodel handles the upward gradient fromthe
carbonat e aqui fer

The reason that was inmportant, and |I'm not sure
covered it in ny talk, is that radionuclides, if that
gradi ent persists, that upward gradi ent persists
t hroughout the entire nodel dommin, that would nean
radi onucl i des are kept in the upper few hundred neters
bel ow t he water table. And so we felt it was inportant
for the nodel to reflect that, even though the data are
sparse on whet her that upward gradi ent occurs throughout
the entire nodel area.

So does that help you draw a distinction?

WONG. | understand the distinction. The issue that
| was trying to get at was it sounded |i ke you cali brated
a nodel and you have hard data for the calibration, and
you have soft data for the validation. So, in essence,
you're not absolutely sure that you've calibrated the
ri ght nodel ?

ROBI NSON:  Wel |, absolute, you know- -
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WONG. |'mjust saying that you' ve calibrated a
nodel , but your data that you used to validate the nodel
as being the appropriate nodel is weaker.

ROBINSON: Right. | would say that there's various
el ements of the efforts at validating the nmodel. So far
|'ve spoken mainly of |large scale flow issues and getting
the right flow directions and velocities. There's also
validation efforts in terns of measurenments at inter-wel
hydrol ogic and tracer testing at the C-wells, for exanple,
whi ch gets at the issue of whether or not we ought to be
using a matrix diffusion nmodel. That's a validation,
that's a nore pure validation exercise, in ny estimtion.

You' re denonstrating that a conceptual nopdel agrees with
the data and is well explained by the data.

WONG. Ckay, again, the next question--well, maybe
actually three and four could be played off of that issue.

But, you know, are we going to get to see all of the
cal cul ati ons wrapped up? And then the issue of peer
review, you used peer reviewin the VA Are you going to
use peer review again? Mybe that would help with this
i ssue of whether or not the SZ nodel is valid or not.

ANDREWS: Let ne hit the sensitivity and when are you
going to see the total results. You kind of have seen the
total results, albeit prelimnary and still, | think as

Abe pointed out, being reviewed and checked right now.
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This is Bob Andrews again.

What we have in the total results is the sanpling
off of all of the uncertainties that are included in the
nodel s that people have talked to. | summarized. | think
the individual presenters hit on the ones that related to
their particular aspect included in that nodel. And so
you have that 300 realizations or 500 realizations of
possi bl e out comes, each one of those being equally likely
and each one of those being appropriately weighted by its
probability of occurrence.

We then | ooked at the statistics associated with
that total distribution of possible outcones, and plotted
t he neans and 95th percentiles, et cetera.

When we' ve done these exploratory studies,
whether it's a sensitivity analysis or a barrier
i nportance analysis, we're trying to gain understandi ng on
whi ch aspects of the system are noving the nean curve the

nost, which ones are nmoving the 95th percentil es the nost.

But the total systemresults are that first set of curves
that | showed, both for the nom nal scenario and for the
di sruptive scenario. These other ones, you know, as we've

poi nted out several tines, have a very | ow probability of
occurrence. You know, they're in the possible set of
out conmes, but their probability of occurrence is very,

very low, in fact, probably never sanpled in sone
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realizations. 1'll let Abe answer whether we're going to
do anot her peer review.

VAN LU K: The peer review that we did for TSPA/ VA
was designed to carry us with recomrendati on for further
work right into the license application. So we don't see
a peer review of that scale and magnitude for the SR W
are still working to |look at NRC, TRB, and peer review
i ssues that have been raised, and | think that the SR
docunmentation will identify many of those and how t hey
have been dealt wth.

The TRB and the NRC and the State and many | evels
of internal review are expected on the SR Once the
process has taken place and we give the SR, the secretary
gives the SRto the President and the President makes a
deci sion, we are thinking of asking the | AEA and the NEA
to do a peer review, as they did for WPP at one tinme just
before their licensing work was submtted to the EPA.

So we would | ook for themto give us guidance on
what to add to this product in order to make it even
better for licensing. That's the thing that is under
consideration. That is not a firmplan at this tinme. But
if the answer is a yes or no answer, are you going to have
a peer review on this product, maybe later is the right
answer .

CHRI STENSEN: Dr. Knopman, and Dr. Ewing is on deck.
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KNOPMAN:  Knopman, Board. There are two areas that
I'd like to explore. One is the cross-over fromthe
process |evel UZ nodel, the seepage in particular, into
TSPA, because | still don't understand what happens. And
t he second point really relates to the introduction of
conservatisnms throughout the nodeling process all along
the way so that--versus introduci ng conservatismat the
end of the line so that you actually know how conservative
you really are, because you're controlling it at the end
process rather than enmbedding it separately.

Let nme just start with the seepage questions |
have. |t began, Bo put in his Slide 16, and specifically
it had to do with the thermal period. At this point, I'm
not so concerned about the thermal issues as what is
assumed--where this assunption about percolation flux 5
net ers above the crown of the drift then comes into play.

You nmake that assunption at the point where you're
starting to abstract your flow field for TSPA? | stil
don't understand why that assunption has to be made,
because to ne, it adds in an incoherence to the |arger
story that you understand what's going on in the system

To ne, you' ve just underm ned your nodeling and
insights that are comi ng from experimental data, and
can't figure out what you get fromthis except it is this

sonewhat poorly quantified conservatismthat you' re
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introducing. But |I'd just like to kind of wal k through
what you do to get from your detailed process |evel npdel
into the TSPA.
BODVARSSON: |'Il take a crack at it. Bo Bodvarsson.

The answer as | recall it, and I was involved in sone of
this, is as follows. The seepage nodel, both the

cal i bration and the seepage nodel for PA, are anbient
nodel s at this tinme. They don't consider heat effects.
There have been concerns by various overseei ng bodies, as
well as within the project, that the stochastic

het erogeneous fracture fields may generate sone feedback

of nmobilized water, condensate water, back to the drifts.

There is a technical paper by one in nmy shop,
Karsten Pruess, a few years ago that al so concluded that
it's possible for water fingers to nove through the heated
region towards the drifts. Based on these considerations,
and one neeting at least | was at at Berkeley, it was
deci ded to be conservative, quote, and try to get sone
i dea about the maxi mum type of seepage that nmy occur
during this thermal period.

And the way that was done was to |look a | ocation
which would lend itself to significant percolation flux
driven by capillarities going into the heated zone. And

as we knew, the boiling zone and dryout zone would be on
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the order of 5 to 10 neters, 5 neter zone above the drive
was sel ected as would probably give a very conservative
percol ation flux, then could be carried to the drift to
cal cul at e seepage.

This was all done in lieu of a rigorous process
nodel that includes the proper heterogeneous fields to
quantify it better, or elimnate this as a concern. But
this is what the project is trying to do now, though.

KNOPMAN: All right. So do | understand it correctly
then that if you make that assunption, then you do get
seepage into the drift at the point in which you used to
say you were going to have dryout? Okay, so you' ve got--
that's true; right?

BODVARSSON: Yes, that's true.

KNOPMAN: | haven't m sunderstood that?

BODVARSSON: That's true.

KNOPMAN: Okay. Can we just keep going in just the
steps so that | understand what happens with the flow
field that you've generated? How does that get into TSPA?

It's almost like a |ookup table that's there for every
ot her nodel to pick off of, so if it needs a seepage term
it knows for each time period and each place in space, you
know what seepage is; you' ve just sort of--

ANDREWS: Let's just stay on seepage rather than the

overall mountain flow |Is that okay?
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KNOPMAN:  Yes.

ANDREWS: So on the seepage, we've discretized as we
did in the VA, we've discretized the repository into
varyi ng spatial |ocations. Those spatial |ocations are
driven a little bit by the thermal-hydrol ogic response,
i.e. edges are a little cooler and the center is a little
warmer. So that was one |evel of discretization.

Anot her | evel of discretization was the degree of
infiltration/percolation. So that's spatially variable in
Bo's model and in the surface infiltration, and so we
tried to capture it discretely in areas of repository that
we expect to have a little higher percolation, or a little
| ower percolation. And in the end, | think we end up with
30 discrete areas of the repository block with slightly
different thermal responses in those 30 areas, and

slightly different infiltration/percolation rates in those

30 areas.

Each of those 30 areas has a certain nunber of
packages associated with it. [It's a variable nunmber of
packages, you know, froma few hundred to--well, it's

probably a few hundreds, each of them something |ike
that. Total nunber of packages is 11,000, so divide that
by 30, so it's about 400 per, but they're not equal size
ar eas.

Wthin those then, we use the seepage nodel. So
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we take the percolation flux within that area, within

t hose 30 areas, which is now tine varying, you know,
because of the thermal response, and go into the seepage
nodel and say okay, what is the probability of seepage for
t he 400 packages sitting in that particular area, and what
is the amount of seepage for the packages in that area.
And it's then that probability, which is now area
dependent, and that amount of seepage that's used as the
direct input, if you will, to everything then downstream
fromthat, which includes drip shields and waste packages
and chem stry, et cetera. But it's that seepage fraction
and that seepage anopunt that's being used, which is not
spatially dependent.

COHON: This is Cohon, Board. This is an opportunity
for nme to clarify sonething that's confusing me as well.
Just to nail this down, Bo's nodel, the UZ flow nodel
does consider the effects of heat. But the seepage nodel
as we heard from Ernie Hardin, does not. Right?

HARDI N: The anbi ent seepage nodel that Bob j ust
tal ked about, and Bo did, is just that, it's an anbient
t enmper ature seepage nodel calibrated to ambi ent
tenperature tests in the ESF. W use that nodel with
i nputs devel oped fromthermal nodels.

COHON:  Yeah. but to develop the flow nodel, you do

treat heat, and that gives you a seepage at 5 neters above
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the drift. But getting it fromthere into the drift, you
ignore heat; is that correct?

HARDI N: That's correct.

COHON: Okay. and that's why we can have two
presentations like this with statenents that directly
contradi ct each other, and now | understand why. Well,
Erni e says approach does not incorporate dry within 5

neters, and you have one that says liquid flux towards the

drifts, 4 mllimeters per year, but is all vaporized by
repository heat. Now | understand how | can reconcile
this.

HARDI N:  Just one point that I1'd like to add to this
di scussion is that--this is Ernie Hardin, by the way--
that, you know, any particular |ocation in the repository,
t he extent of dryout will evolve with time. So you could
have a | ocation, for exanple, where dryout exceeded 5
neters at the maxi num but later, 5 meters m ght be a
perfectly reasonabl e representation of the maxi mum fl ux
that could occur because of thermal reflux. So it's a
regime that varies with space and with time, and we have
approximated it using a single point.

KNOPMAN: But TSPA doesn't have dryout, so it doesn't
mat t er.

HARDIN: Well, in the case of a very hot drift,

dryout can exceed 5 neters.
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KNOPMAN:  But it's not in the TSPA.

HARDI N: I n which case, the flux calculated by this
process that we tal ked about for TSPA--

KNOPMAN: Oh, | see what you're saying. OCkay.

BULLEN: This is Bullen, Board. This is one little
qui ck question that actually nmay follow onto this, and
it's to resolve the issue between Bo's Figure 16, which
everybody has seen and has the 5 meter percolation fl ux,
and Ernie's Figure 7, which has these thermal pul ses,
actually it's a waste package surface distribution over
time. And | guess the question harkens back to the | ast
Board neeting where we had Rick Craun nake a presentation
that says if you ventilate or age or stage | ong enough,
t hat you could nake these pulses go away. So is it
possi ble in your nodels to take a | ook at making the
pul ses that we showed in these two figures go away, and
does that sinplify the task of PA, reducing uncertainties,
or what ever nethod you want to have? And the two of you
can grab that, or you can turn to your left and ask Abe or
Bob. But if indeed you can, by a sinple operating
paranmet er of the repository, nmake it go away, does that
make your job easier?

HARDIN: This is Ernie Hardin. | would specul ate
that closure will change the boundary conditions on the

heat transfer such that there will always be a pul se of
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tenmperature. If you ventilate for sone period of tine,
t hen you go and cl ose, you change the system There w ||
be a transition. There will be a pul se.

BULLEN: Bullen, Board. But if the pul se doesn't
nobilize a bunch of water, does that help you?

HARDIN: | think that would reduce uncertainty.

BULLEN: Thank you

KNOPMAN: If | can just finish up here?

BULLEN: Thanks for the interruption

KNOPMAN: That's all right. Let nme again nmake sure
under st and what you said, Bob. Howis it, you tal k about
probabilities there with the seepage nodel, and | somehow
m ssed where those probabilities conme from \Where does
uncertainty fromthe seepage nodel, this is this cross-
over that |I'm puzzling with, where does the uncertainty of
t he seepage nodel get itself into TSPA? Because you have
at each of these 30 areas, you have a distribution; is
t hat what--you' ve ended up generating a distribution from
Bo' s nodel by having sanpled from probability
distributions of all the various parameters? |Is that the
way it's done?

ANDREWS: And t here one--Bob Andrews again. As Bo
had one beautiful figure in there, nice colors, too, of
the K over al pha, which are the two driving fracture

paranmeters affecting the |ikelihood of seepage and the
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anount of seepage, the fracture perneability and suction
are both uncertain. They're both variable. The project
is gaining nore information, you know, at the repository
bl ock that m ght reduce that uncertainty significantly.
But at this present tine, it's still a fairly large
uncertainty on fracture perneability and fracture al pha
sucti on.

That uncertainty is incorporated at each of those
30 regions that we talked about. So each of those 30
regions, areas, has a different probability of seepage
driven by the sanpled K over al pha, and there's a couple
ot her factors in there, the flow focusing factors and
others. So for each realization, so we go through 300
realizations, for each realization, we have a different
fracture pernmeability and fracture al pha for each of those
30 areas and, therefore, a different probability of
seepage and a different probability of seepage occurring
and probability of seepage anpunt.

KNOPMAN: Okay. And finally one nore question on the
seepage that canme up in Christine' s presentation, and that
was on her Slide 9, and there's way out in the 80,000
range, 80,000 year range, she's conparing where |ocalized
corrosion may occur, and it shows up as being higher,
slightly higher with intermttent dripping versus al ways

dri pping. And your answer on that, Christine, before was,
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well, there's nore water comng in through the
intermttent dripping than through constant dripping, and
| just wanted to make sure | understood why that was the
case.

STOCKMAN: That's what |1've been told. Somebody el se
has to answer why.

ANDREWS: | think we'd have to, you know, go into the
nodel and actually |ook, but | have a feeling that the
volunetric flow rate, you know, the nunmber of liters per
year, is greater for that intermttent flow case than it
is for the, if you will, the steady constant flow case.
And Christine's results are driven by the volunme of water
com ng in, not by the probability of water comng in. So
you have to kind of break out the ampbunt fromthe
l'i keli hood.

KNOPMAN: So it's just the way you set up the
scenario for dripping, that you have higher vol unme through
the intermttent dripping. |It's not a physical--it's not
a consequence of your physical understandi ng?

ANDREWS: |'m not sure which one it is. There's
uncertainty and we're trying to factor that uncertainty,
whether it's intermttent or steady seepage, is being
factored into the anal yses, and there's different cases,

di fferent packages are seeing different sets of

condi ti ons.
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KNOPMAN: | don't understand. If | can just end on
this |l ast philosophical question that perhaps will cone up
in other questions from other Board nmenbers, and that has
to do with the theory of introducing conservatism al
al ong the stream let's say, rather than doing it
downstream in your analysis, so that you actually have
sone handl e on the extent to which you have introduced
conservatism This is what the Board has been--one of the
t hings the Board has been struggling with that's part of
t he di scussion about uncertainty. W don't know how
conservative you are. It looks in |ots of areas, it seens
i ke you' re being conservative, but we don't have a way of
eval uating that at the end of the |line there with your
results, because it's conme in in so many different places
and so many different ways, and not clear what the orders
of magnitude are that are being adjusted in parameter
values. So we don't know what you have at the end. What
was the judgment there? Could you explain what your
options really were there?

ANDREWS: Well, this is Bob Andrews again, | nmean
each of the individual--it depends on the individual
conponent part, whether, you know, the conservatism was
added in at the process | evel because of trenendous
conplexity and uncertainty that that individual,

originator and the others supporting it felt that was the
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nost defensible way to go in the face of that |arge
uncertainty. And in sone cases, you know, the
conservati sm was added in towards the end. But | think
there is a way to parse out the significance of that for
each of the component parts, because each of those
conservatisnms, generally there is a paraneter or sets of
paranmet ers or conceptualization enbedded in the nodel
where that conservatismresides. And it is possible to
change that particul ar parameter or conceptualization and
see what effect it does have.

You know, the exanple that we just had here of
t he seepage flux being driven by percolation 5 neters
above the drift put in there as sonewhat conservative, we
could change that to be a half meter or 1 neter or 10
neters, and see what the effect of that particul ar aspect
of it is on seepage and on package degradati on and on
total systemresults.

The sanme is true with virtually every one of the
ot her conservatisns. You can evaluate their potenti al
contribution to subsystem or system performance. Sone of
t hose have been done. Sone of those we've alluded to.
Many ot hers have not been done yet, quite honestly. |
nmean, these are prelimnary results and | think we'd
wel come your conmments on which conservati sns you m ght

want explored as far as their significance.
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CHRI STENSEN: Dr. Cohon has a very, very brief
guesti on.

COHON: Yes. That was a good answer, Bob. One of
t he probl ens you have, you're going to have, is that
you're going to have to--you will have a story that you
have to tell. That's the nodel, not just a result, but a
story, and it's all got to hang together. So howis it
that the nountain dries out around drifts, but then you
assume it doesn't? Where is the consistency? You have to
start thinking about the story.

BODVARSSON: One quick comment, too? | just wanted
to nmention that, Debra, | think you're right to sonme
extent, and | think DOE is doing sonething about it.

There is this effort that we are doing now which is called
nore the expected case for sone of the nodels, and |I don't
know i f you have heard that or not. Sone of us have
devel oped our nodel s perhaps conservatively because we
work very closely with performance assessnment and we |ike
to blame themon a ot of things, and I'll give you a good
exanmpl e.

For exanple, we have al ways had sonme--we started
a few years ago with flow in the PTN, assum ng
consi derable fracture flow in the PTN and consi derabl e
fracture flowin the vitric Calico Hills, and that was

just because we didn't have sufficient data and we wanted
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to be conservative, because of PA issues and all of that
stuff. That kind of thinking has been retained in the
nodel to sone degree. So there is significant
conservatismin many aspects of these npbdels, as you have
poi nted out.

There's now significant effort with some of these
nodel s to do, quote, the expected case, to do exactly what
you're tal king about, to look at what is realistic with
t hese nodels to represent it and perhaps use it for sone
pur pose.

So | just wanted to nmention that.

CHRI STENSEN: Thank you. Dr. Ewing, and Dr. Nel son

is on deck.
EWNG 1'd like to change gears a little bit and
di scuss colloids. And I'll need Christine to help ne

devel op a line of reasoning.

In Christine's presentation, it's Page 30,
there's a very nice diagram of the nodel to be used for
the colloids, and | nust say it's entirely reasonable. It
descri bes the availability of colloids, the stability as a
function of ionic strength of pH It considers reversible
and non-reversible, or irreversible sorption. Presumably
as you go down the line, there would be the question of
whet her the colloids are nobile or immbile, and so on.

So this | ooks fine.
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But if you think about the data that are required
to support the nodel as it's constructed, ny inpression is
the data are pretty thin, and so ny first question is to
Christine, can you characterize the extent or substance of
t he data avail able to support the nodel that's been

devel oped?

STOCKMAN: I n sonme areas, we have quite a bit of
data. In other areas, you're correct, we don't have as
much as we would like. In those areas where we had | ess

data than we would |ike, we went to anal ogy and we went to
conservati sm

EWNG And for ny information, what area do you feel
i ke you have a | ot of data?

STOCKMAN:  We do have all the Argonne data on
pl ut oni um and ameri ci um com ng off of high-level waste
glass. And we have quite a range of stability and ionic
strength. So we have that pretty well.

EW NG And those are experinental val ues?

STOCKMAN: Those are experinmental values. For
groundwat er, we have sone experinments that show how stable
the rust type colloids are versus pH But we didn't have
any good experinments that said this is what the actual
mass per liter of colloid would be, and so we use anal ogy
with groundwater colloids for that one.

EW NG  But, you know, just to pursue that, I'ma
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little bit famliar with the Argonne data, and | m ght
argue that it's not clear that the material being
generated is colloid in the sense of material that wll
transport actinides. There's fine grain material that has
a high actinide content. \When will you call that a
colloid in using those data?

STOCKMAN:  Well, the colloids are characterized by
dynam c |ight scattering and by sequential filtration. So
there was a range | believe fromgreater than 10
nanoneters to about a m cron.

EWNG But there's no evidence that this fine
grained material, say where you transported a few neters,
woul d actually be a colloid for the transport of
actinides. It's just that it's a size range definition;
ri ght?

STOCKMAN:  Correct.

EWNG Okay. And in ternms of further field, and I
cone to Bruce with that because you had some colloid
factors in your saturated zone discussion, the point |
woul d make, or it's ny view |looking at the literature,
it's really very difficult to say what proportion of the
actinides mght be sorbed irreversibly versus reversible
sorption. | nmean, am|l wong on that? | nean, there
aren't many experinents?

ROBI NSON: Bruce Robinson. No, | agree with that,
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and | would extend it to colloid transport, and the
difficulty of really pinning down paranmeters for colloid
transport.

EW NG So where did you get your paraneters? You
had them listed, but you didn't conmment on them

ROBI NSON: Let ne speak to the transport paranmeters
t hensel ves in the saturated zone. The transport of
colloids in the fracture volcanic tuffs were obtained
based on m crosphere experinents carried out in the C
wells. And that was used as a way to get at the
filtration of colloids in the fractured tuffs.

In the alluvium we had less to go on. W went
to sone literature studies. The references escape nme, but
| could tell you which ones those are. But the bottom
line for the alluvial transport, our range of paraneter
values for filtration of colloids is extrenely wide. The
uncertainty range is extrenely wi de, ranging from
essentially little or no filtration to conplete
filtration. So it's an extrenmely wi de uncertainty range,
and that's | believe just the nature of the business of

colloid transport.

EWNG It may finally be very--well, it may finally
be an intractable problem But | guess the point |I want
to cone to is that, Christine, in your presentation, you

arrived at a point and you said, well, based on these
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nodel results, | think we can put this to rest, that
colloids really aren't very inportant, and | just want to
gquestion that conclusion, let's say, given ny inpression
of the data avail abl e.

STOCKMAN:  Well, that conclusion is a prelimnary
conclusion, and it is based on the fact that whenever we
had a problemwi th not enough data, we went to what we
bel i eved was conservative values, and we still, when you
use those conservative nodel s and conservative val ues,
colloids were only 10 per cent of the plutoniumrelease.
Now, certainly nore data m ght surprise us, and we may
find that we were unconservative. But we believe we were
conservati ve.

EWNG Well, of course this is leading up to a
surprise point I want to nake. The nodel incorporates the
role of iron oxides in actinide transport by coll oids,
which is entirely reasonable. But whenever | travel, |
grab a pile of paper that | wouldn't read otherw se, and

in my briefcase, there's a very nice paper recently

publ i shed on m neral associations and sorption of
plutoniumin volcanic tuff from Yucca Mountain, and the
work seens to be done very well, and the surprising result
is that the sorption isn't on the iron oxides, but it's on
t he manganese oxi des.

So that's very different than the conceptual
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nodel you've presented, and | think the point | want to
make, it's not a criticismbecause | would have done it
exactly the way you' ve done it, is that there's a very
real, and in sonme cases, potentially very |large conceptual
uncertainty in these nodels. | mean, the difference

bet ween the presence and abundance of the iron oxide
versus the manganese oxi de may be good or bad for the
final result, but it's very different than the approach
that's been taken. So |I think the noral 1'd like to |eave
everyone with, it's very difficult in these el aborate

anal yses to di scount any possibility.

STOCKMAN: | agree.

CHRI STENSEN: Dr. Nel son, and then Dr. Cohon, Bullen
and Parizek are on deck. | want to coment just briefly
that we have about 30 minutes, and so think about that in
your questions and answers. W do need to be pretty nuch
on time because of plane schedules, and so forth, this
af t ernoon.

NELSON: Nel son, Board. | nust admt | still do not
under stand these two figures, Bo. And so very quickly,
can you tell nme on the |left-hand side, C-flow rate defined
as water entering drift; correct? Wy fromten, or before
ten, up through 50 years, you have no seep rate. Wy is
that? |s that because of ventilation?

BODVARSSON: Well, there are two reasons for it.
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One, it's correct that the ventilation takes away a | ot of
the heat, so there's less rapid heating of the drift area
around and, therefore, |less boiling potential and stuff
like that. And then the other effect also, though, is
that with time, the boiling front noves away fromthe
drift. So even if you didn't have a ventilation, there
woul dn't be a | arge seepage flux comng 5 neters above the
drift, because renmenber, just take this one |location of 5
neters above the drift, you would only get this high flux
there--right at that zone, that 5 nmeters, so that you have
a huge percolation flux going through that region.

NELSON: So you're thinking percolation flux 5 neters
above the drift and turning it into an assumed seep flow
rate?

BODVARSSON:  Yes.

NELSON: Which is entry into the drift?

BODVARSSON:  Ri ght .

NELSON: And it does or it does not include
evaporation?

BODVARSSON: No, it does not. \What we do is this
rate is taken as a percolation flux rate. It's then noved
mysteriously right to the drift wall, where we then enpl oy
a seepage nodel, the ambi ent seepage nodel, and determ ne
fromthat how nmuch of that total amunt of water wll

actually seep
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NELSON: But in reality, in the reality that you
have, in fact it will not seep, because there is a thernn
pul se and it is hot?

BODVARSSON: And in reality, in ny view, and based on
sone of the studies, you see on the right-hand side there
is that for nost all of the fracture stochastic
het er ogeneous variability in paraneters that we see at
Yucca Mountain, with exception of high perneability
faults, you are very unlikely to get any seepage during
the thermal period. That would be my concl usion.

NELSON: Okay. Well, then |I guess | don't understand
what this figure is trying to tell nme.

BODVARSSON: This figure is telling you that in order
for PA to be very conservative, because we haven't
denonstrated conclusively using rigorous anal ysis that
takes into account the uncertainty in all of these
paraneters, that dryer |and, having an optinistic--was
conservative, and allowed for seepage, even though it's
i kely that none woul d occur.

NELSON: Okay. Well, I'mgoing to have to think
about this. Maybe Dick can explain it to nme later. But |
have a second question, which is | don't expect an
i mmedi ate answer on this, but it conmes froma gnaw ng
suspicion that | nyself amnot particularly a chem st, |

appreciate the chem stry is a science where different
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t hi ngs can cause sudden changes in the systemin terns of
what ' s happeni ng, what reactions go, where precipitates
occur, so it's interesting particular fromthe standpoint
of turning off and turning on things. And things can get
very conplex in a systemlike this.

We heard yesterday about the EBS cheni stry nodel
fromBill G assley, which really gave ne the feeling that
there's a | ot of possibilities in terns of what can be
happeni ng, what can be dissol ved and what can be
precipitating and, in fact, what could happen to the
chem stry of the water. And then we heard from Dr.

Bar katt and Gornman about the inportance of water chem stry
on Alloy-22, and we think about the thermal pulse with

wat er cycling through, precipitating, re-dissolving,
form ng caps, not form ng caps, dissolving, noving. And
" mjust struck by the inmportance of chem stry in exactly
what's going to be happening, what's setting the stage for
t he processes that are going to cause drip shield

probl ens, waste package probl ems, or waste form changes,
or transport.

And I'm | ooking for sone feeling that, yes,
there's an overall understanding that those thresholds,

t hose places where the chenmi stry changes are causing the
preci pitation and sol ution, where things are happening,

are well understood and are well enconpassed in the
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overall flux nodel through the nmountain, including the
waste form and the transport, and | don't get a strong
feeling that that kind of a thinking has happened, that we
very often, in ternms of our data, we think about flow
t hrough the mountain, we start with J-13 water, and nmany
of the tests are on J-13 water, and when in doubt, assune
J-13 water. And we're not going to have J-13 water, i
suggest, and we're going to have sone sort of ground
support is going to be around the tunnel, some other
things are going to be there as well.

So what can you say to ne as people who have
worked with the chem stry to feel that there's been a
consi stent overall |ook at what's happening to the
i nportance of chem stry on how this mountain and this
wast e package, or EBS, perform overall?

HARDIN: This is Ernie Hardin. |I'mgoing to take a
crack at that. | think there are sone other experts up
here who m ght al so have sonething to contri bute.

We have a great many sanples of water from Yucca
Mountain and fromthe thernmal tests. And so we can
profile for you the conposition of those waters, and we
can show you that as those waters evolve, we can show you
in the | aboratory that as we evaporate those waters, that
they follow certain trends, and they take us to certain

end points which m ght be inportant for the EBS
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performance during the peak of the thermal period. So
what |' m suggesting is that we understand the range of
aqueous chem cal conditions that will be encountered by
t he engi neered barriers.

There are a finite number of chem cal conponents
i nvol ved. The rock is dom nated chemcally by a set of
el ements for which the dissolution aqueous chem stry of
t hose conponents is within our understandi ng, cal cium
sodi um potassium nmagnesium sulfate, chloride. So we
have a | ot of experience with those conponents, and we
have | aboratory data. W' d |ike nore |aboratory data on
the thermal evolution of these solutions. The tests are
not that difficult, and we have sone in process. W found
| aboratory data to be very, very useful in describing the
evol uti on of the system

So | guess to summari ze, there are a couple of--
we have identified sone end menber water conpositions.
Okay? We've identified that we could have a bicarbonate
dom nated water. That's your J-13 water, to a
sinplification. O you could have a chloride sulfate
water. We've | ooked at those both nunerically and in the
| aboratory. Mre work will be done. G ven either one,
our nmodel s now predict what happens when those waters
approach dryness. So we know approxi mately what chem cal

conditions will be inmposed on the drip shield, possibly on
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t he waste package, during the thermal period.

Now, |ong-term say after 5,000 years, and
certainly after 10,000 years, things cool off and so we
begin to revert to pre-heating water conpositions. CQur
current database of waters from Yucca Mountain becones
nore and nore relevant. | can offer that to you as well.

ANDREWS: Let nme add sonething. That was an
excell ent question, and | think part of it is based on how
we' ve discretized our presentations to you, going back to
sonet hing Dr. Cohon nentioned. Part of this is in the
presentati on, and when you pick a topic, in this case
chem stry, or colloids, that cuts across a | ot of people
across this panel, because it cuts across space and cuts
across time, then when you discretize it by space, which
is nmore or less the way the presentations have been
structured, you m ss sonme of that integration, | think.

But et me try to pull it back together a little
bit. Bo presented chenmistry in the rock and changes in
chem stry of the rock. That is in what's called the THC
nodel from sone of his co-workers. That is used as an
input to Ernie, who then tal ks about chem stry in the
drift, and chem stry on the drip shield, and chem stry on
t he package.

Pasu then al so tal ks about chem stry, because

he's now concerned about a nore detailed chenmistry | ook
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you know, on the package surface. So he's taking stuff
fromErnie and fromthe EBS environments. They then al
are passing off to Christine, who | ooks at the changes in
chem stry inside the package.

Now, if we had one conpletely integrated
chem stry nodel, you know, from ground surface into the
package and back out again, perhaps it would be a little
clearer. But | don't think the conplexity of the anal yses
woul d change or the uncertainty that we have in the
chem stry woul d change. Bo has uncertainty of the
chem stry conming into the drift. Ernie has uncertainty in
chem stry in the drift. Pasu has uncertainty in chem stry
on the package. And Christine has uncertainty inside the
package. All of which are tied to a range of possible
i nteractions, you know, including interactions with the
structural materials that are there for safety of the
drifts thensel ves.

And t hen, you know, on through the rest of the
system Ernie picks it up again with the invert, and Bo
picks it up again with transport. So, you know, when you
pi ck a process and cut across spatial and tenporal
domai ns, perhaps we need to do a little better job of
integrating it back up again for you, because right now,
it's spread in probably eight or ten AMRs, | would guess.

NELSON: | think it is very nmuch, and actually it
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could actually be a wonderful exercise to--because the
water is the essence of what's doing it, and to see how
the water is evolving and what's inmportant for Bo, in
ternms of reactions, would be quite different fromwhat's
inportant to Christine. And, therefore, the tendency to
deci de conservatismby Bo will be conmpletely different
fromwhat Christine would feel would be conservative for
her application.

So the sense of building that understandi ng of
what | don't even know -or nmaking the case for selective
and conservati sm decisions and how it fits together,
various nmechani sns of |ooking at the water may help. It
woul d help me to understand and to trust the overal
picture nmore than | do right now | know.

STOCKMAN: This is Chris Stockman again. W started
to address this very issue with a weekly phone call where
we have Eric Sonnenthal, and basically all the people that
we just discussed are now tal king once a week about conmon
i ssues, and we're trying to nake the presentation better
in the future.

CHRI STENSEN: Before | ask Dr. Cohon, | just want to
note that in an act of genuine but typical generosity, Dr.
Bul l en has yielded his place in the queue. Dr. Cohon?

COHON: Are you sick, Dan?

BULLEN: You guys just ask very good questions.
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CHRI STENSEN: Dr. Parizek is on deck.

COHON: At the end of the coll oquy involving Dr.
Sagués and Dr. Bullen and Dr. Pasupathi and Dr. Stockman,
| thought | heard you say, Dr. Pasupathi, that the pHs you
have to | ook at are bounded, which is the information you
get out of Dr. Stockman's nmodel. Dr. Stockman feels |ike
she can bound those pHs because you're telling her the
drip shield will never fail. Therefore, the seepage is
very | ow.

Do we have to worry about sone circularity here?
did | get that right, and is there a problen? |Is there
an issue, | should say?

PASUPATHI:  No, | don't think | ever said that. This
is Pasupathi. | don't think |I ever said anything about
what | feed Christine necessarily.

COHON: No, but did | get the thing right about pHs,

t hough?

PASUPATHI :  Yes, the pH that we use for our |ocalized
corrosi on nodel cones out of Ernie Hardin's nodel.

COHON: Onh, Ernie Hardin's nmodel. And does your pHs
t hat you produce for him depend on the integrity of the
drip shield?

HARDI N:  No, they don't. This is Hardin.

COHON: Good, I'"'mglad |I m sunderstood. John Kessler

asked Kathy Gaither a very good question at the very end
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of her presentation about the inportance of consistency in
t he assunptions one nakes about the probability of the
occurrence of a volcano and the probability of the kind of
eruption you would get, because their occurrences and
types are |inked. That kind of consistency is an
i nportant thing, and it's cone up before. W just talked
about it in the case of how heat was handl ed.
And, Ernie, in that regard, | was wondering, you

tal ked about diffusion through the invert becom ng an
i nportant process, potentially an inportant process at
very | ow water volunmes. But do you need nore water than
that to nobilize the wastes fromthe package in the first
place? Can it get to the invert wi thout nmore water than
you can tolerate from your nolecul ar diffusion case?

HARDI N: Okay, in the current conceptualization of
t he process, we have a rel ease nechanismthat relies on
nol ecul ar diffusion in traces of water originating from
the waste formand finding its way across the surfaces of
t he waste package, both inside and out, and then entering
the invert. And that can happen with an intact drip
shield, that is possible. |If the drip shield eventually
devel ops a hole, then you go to an advective dom nat ed
fl ow node.

COHON: Yes. So there's an assunption about a

consi stent estimte of water availability, both at the
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package and at the invert? That's what | was getting at.

HARDI N: | believe the approach is consistent, but
hi ghly conservati ve.

STOCKMAN:  Ri ght .

COHON: Okay. How do you--1'"m sure you worry about,
but what are we going to do about the question, how do you
know you don't have coding errors in here, that your code
is wong, or the data was input inproperly? | nmean, sone
member of Congress is going to point out to you that there
is a certain famus Mars Lander that didn't make it. It
is a very real issue. | mean, you can pooh pooh it or
not, but you're going to be asked it and you're going to
have to have an answer to it. \Wat is the answer to that?

ANDREWS: |'Il start, and then nmaybe Dennis wants to
add. | nmean, every input, and it's not just the PA input,
it's all the inputs of each of the process npdels you've
heard about and each of the abstractions goes through a
checki ng process. You know, the software is qualified or
is going through a qualification process. The inputs are
checked, not only by the originator, but by a checker and
a reviewer to check. That's absolutely what we're talking
about .

Am | sure, you know, right now that everything
has been checked? No, that's why we had on those

vi ewgr aphs these are unchecked results fromthe PA
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perspective. All the inputs have been checked and gone
t hrough that process, but the TSPA is the last thing on
the list, and the checking is going on. But that's a
process that we have to go through.

Dennis, do you want to add to that?

CHRI STENSEN: Denni s, do you want to comment?

RI CHARDSON: Yes, Dennis Richardson. Yeah, there's
no--you can't ever give a solid answer to this. Last
year, | worked at AED, and after 40 years of evolving the
sane code for Westinghouse, we found a small error init,
amazi ngly enough. But there's processes and procedures in
pl ace for when this happens, and it will happen. W get
new data. We'll find errors in codes, and that's why for
one thing, you know, we try to ensure that starting off,
we have anpl e anount of margin, defense in depth in case
this happens. And if you can't live with the error that
you find, if it exceeds sonething, or if you have to
change net hodol ogy, then you have to go back for re-review
and approval to the Commi ssion. And if during our
performance confirmation tine franme, or after |icensing,
we find sonething like that, if we don't have the margin
to handle it, if we have to change met hodol ogy, we
obvi ously woul d have to do the same thing. But we try to
get sonme assurance of safety built in initially, and |"]

talk to it alittle bit later on, with anple other
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el ements of the safety case, which include margi n and
def ense i n depth.

CHRI STENSEN: Dr. Parizek?

PARI ZEK: Parizek, Board. Five m nutes?

Well, we had dye experinments that you reported
out where the dye apparently went from snmall openings into
a | arger opening, a lithophysal cavity floor, and we just
want to understand the physics of that, or explanation of
it, because God's little creatures who |ive underground in
burrows ought to pay attention to whether they' re going to
get wetted by this new process that you're going to
describe for us. But how does this work? 1Is this a
wi cking effect up the sides of the lithophysal cavity?

BODVARSSON: \What happens is what Abe was tal king

about, the different characteristics of the |ower
i thophysal rock nmass. |t has big holes with the
i thophysal cavities, as you know, but it has a bunch of
smal | fractures that Mark has been tal king about for years
and years, and maybe sone ignorant people |like nyself
didn't think that they were so inportant, but he was
absolutely right. The capillary suction of these little
suckers, if | may call themthat, is such that water
doesn't go down by gravity like in the mddle |ithophysal.

It goes around things. And what happens is when we put

water into the boreholes, and we put a |lot of water in,
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then it goes up as well as down and around cavities. But
it showed up, the dye, at the bottomof the cavity. That
doesn't nean that the water necessarily ended at the
cavity, so it's not in any conflict with our capillary
barrier assunptions, but it m ght be one mechanismto have
evaporation or water below a cavity that may give you

chem cal signatures and deposition within cavities.

PARI ZEK: So there was a staining of the bottom
rat her than actual water sitting there?

BODVARSSON: That's exactly right.

PARI ZEK: Now, nany people nentioned the colloid
process of transport. This is Christine's docunent, and
Bo, you did, and Bruce Robinson and others. Colloid
m gration in the unsaturated zone could be inportant as a
way to bring radionuclides to the saturated zone; correct?

BODVARSSON:  Yes.

PARI ZEK: The question is what data exists to support
any evidence for colloid mgration in the unsaturated zone
at this point that anybody m ght have used? It was in the
various nodels. Various people talked about their nodels
for that. So | don't know where the data comes from and
we only know of experinments going on, and the Busted
Butte, that's still up in the air as to what the results
will be, and we know you are putting water in to borehol es

and picking up water out of other locations in these
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drillhole experinments. Do you do colloid sanpling in
t hose experinments as well to get some nunmbers on this?

BODVARSSON: Bo Bodvarsson again. | just have to
echo what Rod said before and what Bruce said and what
ot hers have said. W have very linmted data on coll oids,
so | could blab here for another mnute or two, but the
bottomline would still be we have very |limted data on
col | oi ds.

PARI ZEK: So that part of the nodeling will be pretty
weak for the tine being?

BODVARSSON: And it depends on two main things in the
unsaturated zone. One is the filtration process, and the
ot her one, of course, is the size of the colloids with
respect to matrix diffusion and other effects, too. But,
agai n, you know, | can blab another two m nutes, but it
doesn't matter.

PARI ZEK: A follow up on that. As far as Bruce
Robi nson's presentations--

KESSLER: Can | interject something? This is John
Kessler at EPRI. W funded sonme work | ooking at colloid
m gration in the unsaturated zone with tuffs, and there's
alittle bit there that we found, you know, that it is a
function of the saturation and the particle size and a few
ot her things that we |ooked at. But you're right, there's

precious little.
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BODVARSSON: But that conmes fromthe NTS. W're
usi ng sonme of that data.

PARI ZEK: That's in the saturated zone. That's a
saturated zone problem And I'mon record as having said
|l ook in the fracture fillings and |ithophysal cavities for
any evidence in the mneral phases to see whet her any
col | oi ds have been trapped there through geol ogical tines
since the nountain was built in order to see if there's
any evidence of it, and various people probably are--

BODVARSSON: Right after you said that, Dick, | went
straight to Zell Peterman and told himthat you said that,
and | asked Zell to look into it. So we are looking into
t hat possibility.

PARI ZEK: Now, you said faults are inportant in the
saturated zone nodeling that you were doing, Bo. And the
question is, Bruce, do you have faults in the site scale
nodel , and if so, what data sources do you use to
characterize the faults and, you know, how did you put
themin your nodel ?

ROBI NSON: Bruce Robi nson. Yeah, there are faults
basically to control the large scale drops in the
potentiometric surface that are to the west and the north
of the repository, as well as--and those are | ow
pernmeability, |low pernmeability to flow across the fault.

That's the conceptual nodel that says why you have a | arge
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drop in the potentionmetric surface as you go north into

t he regi on around Yucca Mountain and the repository. And
then there are a series of features, additional features
put in the nodel that are used in which the perneabilities
are used as calibration features to capture the head

di stribution, the nmeasurenents.

PARI ZEK: Okay. You don't support Linda Lehman's
conceptual nodel of flow south. You have flow
sout heastward still, and then south nore or |ess al ong
Forty M1le Wash, you still have that? Figure 11 shows
that as the pattern of flow for your plune.

ROBI NSON: Yes, that's right. But as an alternate
conceptual nodel, one of the alternate conceptual nodels
that's built into the TSPA is the use of anisotropy to
give rise to a nore southerly transport pathway than
occurs on what I'Il call the base.

PARI ZEK:  You have a five to one ratio. |s that the
basis of Figure 11? |Is Figure 11 isotropic or is that
ani sotropic?

ROBI NSON:  Coul d you show nme Figure 117

PARI ZEK: Figure 11 is the little plune, little red
pl ume.

ROBI NSON: That was the isotropic one.

PARI ZEK: | sotropic.

ROBI NSON:  You have transport to the east, southeast,
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and then turning south.

PARI ZEK: Right. So the question would be how do
they differ, the results differ for the anisotropic case
versus isotropic case, and that's perhaps a detail that
will be in your analysis, that will be discussed sonmewhere
in the anal ysis?

ROBI NSON:  Yes, that is discussed. But basically,
there is somewhat nore southerly, direct southerly route
taken by the radionuclides in the anisotropic case.

PARI ZEK: And the porosity data in the alluviumis
nmenti oned as having sone heterogeneous variability to it,
whi ch makes sense. But for the nonment, what data did you
use for the alluviumpart of the nodel? The only C-well
that's been drilled, that's been tested recently, is a
single well that I"maware of. That's part of the testing
conplex that's planned for the future? Were do you get
your alluviumdata to put into the nodel ?

ROBINSON: |'mgoing to have to | ook up the detail on
that. But basically, there was a distribution in which
t he nean was .18 plus or m nus one standard deviation of
.05, and that was based on a literature study in simlar
types of kind of Valley fill type systens |ike this.

PARI ZEK: So it's the best you have avail able until
new test data become avail abl e?

ROBI NSON: That's right, and that's why | think that
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that test data is an inportant hole to fill.

PARI ZEK: The fl ux boundaries you used canme fromthe
USGS regional nodel, and was the old nodel of severa
years ago, or runs that are being made currently to bound
your nodel domain?

ROBI NSON: | believe that it was the ol der nodel.
And if sonebody has reason to correct ne on that, ol der
meani ng about 1997.

PARI ZEK: The three | ayer nodel versus the current 17
| ayer nodel, which had its limtations, so that coul d
af fect your results in ternms of bounding your problem
area, your problem domain?

ROBI NSON:  Yes, | think so. And | think that would
be, you know, a continued revision and inprovenment of the
nodel s, in nmy opinion, should include a | ook at the
regional scale as well as the nodels such as the site
scal e nodel, which really, you know, on the one hand the
radi onucl i des are being calculated in the site scale

nodel , but if there's a significant boundary condition, if

you will, that could be refined in another nodel |ike the
regi onal nmodel, | think that that would be a wi se thing.
PARI ZEK: | think, frankly, these proni ses around a

steady state run by SR |1 think--or is that by LA, | don't
remenber now the date of his prom sed delivery of a new

run for a 17 | ayer steady state nodel
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ROBINSON: It won't be for--1 nean, it wasn't for
this version of the TSPA. So it nmust be LA

PARI ZEK: | hope you get the |latest runs when you
finally go to LA, if it cones to that point. How about
the technetium and the iodine, those experinents are
i nportant, were they steady state values or were they
early-on data? It seens like the alluvial testing on Kds
for technetium and i odi ne was underway, and what you used
was a steady state nunber, or sort of a prelimnary
number ?

ROBINSON: If you're referring to the batch sorption
testing, those were carried out with the sane sort of
procedure. They were not transport tests. Those were
batch sorption tests. And so it's essentially a steady
state measurenent after having carried out the tests | ong
enough to obtain a value which we're confident is not
exhibiting kinetic effects in the sorption measurenent.

PARI ZEK: And then on Figure 11 again with the plune,
that sort of nust depend in part on the regional nodel in
ternms of the role of, say, Funeral Mountains and part of
t he regional flow system of how regi onal ground water
noves to the south of your site scale nodel. And | guess
I woul d say that the hydrogeol ogi cal characterization of
t he Funeral Mountains is still pretty |oose, or not too

wel |l constrai ned. | understand sone drill holes are
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soneday planned there. | hope that becones available to
sort of see whether your plume shifts another direction.
And | raise the question about climte states.
You say change in climte states probably won't change the
fl ow characteristics of the flow field. But | would,
again, think that you'd have Forty Ml e Wash recharge that
may cause spreading of the flow field, and coul d be
beneficial to the programif that transit was consi dered
i n your nodels.

ROBI NSON: Ri ght, that was--what | nmeant to say
there, what | nmeant to convey there is that that was the
assunption that was taken, and we believe that there won't
be significantly worse performance than the assunption
t hat we took, which was that the flow patterns renmai ned
t he sane.

PARI ZEK: And were they with punping from Amargosa
farns area; was that punping effect at flow field?

ROBI NSON: The flow field is a steady state fl ow
field in which the current day had nmeasurenents, are what
is used in the calibration. And so you have the decline
in the water table due to the punping effects.

PARI ZEK: One | ast question, and that is a | ot has
been said in two days and it's hard to digest all of it,
but does the natural systemmatter in hindsight, just to

anybody on the panel, and do we get any credit at all for
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the rocks, or is it strictly drip shield and C- 227

RI CHARDSON: Denni s Richardson. Yes, it does matter,
and |I'Il address this in the next presentation.

CHRI STENSEN: The final word will come from Dr.
Runnel |l s, who says he has one qui ck question.

RUNNELLS: Runnells, Board. It isn't even a
guestion. It's a statenent that could be very |ong, but
"Il try not to nake it that. 1In listening to the
guestions that have been asked and two days worth of
presentations, the issue of integration just keeps com ng
up over and over again. How do you tie all of these
conpl ex things together? Nature has already done that for
us, and I amworried and | guess a little disappointed at
how sel dom t he natural anal ogs are nenti oned.

| know there is a program about, you know, to
i nvestigate natural anal ogs. But sitting here during the
gquestion and answer period, | filled one sheet of paper
with issues that could be addressed by natural anal ogs,
and none of those were nentioned in any of the
present ati ons.

For exanple, the THC nodeling, there is a wealth
of information, a hundred years of studies in hydro-
t hermal | ower deposits, which are available for us to | ook
at, diffusion away fromveins, tenperatures tied to those

fluids through fluid inclusions. There is a wealth of
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information in the literature on the shape and vari ation,
and so on, of contam nant plunes in alluvial aquifers, in
bedrock aquifers, and that literature incorporates the
het erogeneities that are so difficult to model. The
enpirical data are there, thanks to Superfund and a few
nore things.

We've often tal ked about Josephenite as a
netallic mneral, an alloy that is apparently inert to
oxi dati on processes, and to the best of ny know edge, the
program has just barely started to |look at that. And why?

It's apparently inert.

The nore obvious things like the diffusion of
radi onucl i des away from urani um ore deposits, there's been
quite a bit done on that, and | know the project is aware
of that, but | don't hear it coming into the integration
and the validation of these very conplex numerical nodels
we' ve been tal king about for the |ast couple of days.

So ny statenent is that | wish, | hope that as we
go further along this path of trying to bring all of these
very conpl ex nodels together, that nore and nore enphasis
will be placed upon natural analogs that will help us
trenmendously, | know they will, in terms of tying these
t hi ngs together. The geothermal fields that Bo nentioned
previously in other meetings, those are anal ogs waiting to

be tested with the nodels that the project now has, with a
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weal th of data sitting there waiting to be used.

I know time is short, resources are short, people
can't do everything, but | do want to put in a plug for
natural anal ogs in many, many, many aspects, not just
di ffusion or mgration away from urani um ore deposits.

CHRI STENSEN:. Thank you. Two comments here. First

of all, I want to say that we do have a question fromthe
public. 1'mgoing to give it to Dr. Cohon, who | hope
will pose it during the public comrent period, and | want

to thank this group for I think wonderful responses over a
two hour period. This is the closest thing to a group
doctoral examthat |'ve ever taken part in.

And we'll break for a little |ess than ten
m nutes. Be back here at 25 till the hour for our |ast
present ati ons.

Thank you.

(Wher eupon, a brief recess was taken.)

CHRI STENSEN: We wel conme you back to this fina

portion of our meeting. W have two presentations.
Dennis Richardson will give the next presentation.
Denni s’ background is in mathemati cs and mechani cal and
aer ospace engi neering. He's the manager of the MO
Repository Safety Strategy Departnent.

Of particular interest in his 30 years experience

in nuclear electric power--pardon ne--is his 30 years
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experience in nuclear electric power, nmuch of it related
to licensing and safety issues at nucl ear power plants and
defense facilities.

Dennis, it's good to have you.

RI CHARDSON: Thank you very nmuch.

It's a pleasure to have an opportunity again to
talk on the repository safety strategy. You' ve heard in
t he past from both nmyself and Jack Bailey, and so this is
a chance to give a status update on what we're about.
We're right in the mdst right now of witing it and
getting technical checking on it, and so some of the
things that I would |ike to share we you we don't quite
have ready yet, but 1'Il share as nuch as | can at this
poi nt .

A couple of differences, a couple of things to
recogni ze on Rev 04, the safety strategy, is this wll
cover both preclosure strategy and the postclosure safety
strategy. Now, this presentation and di scussion today
will just be on the postclosure. Certainly if you have
interest, in the future, we'd be happy to share with you
t he preclosure side of things. But today, really we're
focusing just on the postclosure ends of things, and this
is a fairly large effort that we've been going through for
the last six nmonths involving all of the national |abs and

the DOE and all the people you' ve seen here, the PMR | ead,
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all the technical people, bringing their insight and
i ssues for consideration as part of the strategy.

The chief and the technical |ead and the writer
for the postclosure side of things is Larry Rickertson,
who nost of you know in the audi ence there, and also |I'd
like to recognize our DOE, Departnent of Energy |ead who's
hel pi ng us out and keeping us on the strai ght and narrow,
Mark Tynan, who | believe is in the audi ence somewhere.
There he is in the back. And obviously on PA, we have
Dave Seruki an, who you've probably nmet in the past, has
t he tremendous task of trying to take all the demands from
Larry and nyself on things we want to see and do, and
providing that type of information. So just to recognize
a few of those fol ks that are hel ping us.

What is the repository safety strategy? Well
really, we're trying to identify what is really inportant
on the postclosure safety case. What are we going to base
our safety case on? What are the what you woul d consi der
the rocks of G braltar, defensible factors, and how do we
show t he assurance of safety for meeting the regulations,
t he proposed regulations in Part 63? And for those that
have gl anced at that, you'll notice that the assurance of
safety plays an inportant part of that, understanding the
multiple barriers, not just the output of PA and | wll

di scuss this and the other elenents that we want to bring
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into focus to help support the total safety case hopefully
as we nove on to |icensing.

And one thing that we wanted to bring up, and
we'll discuss this also in the strategy, the safety
strategy, is the inportance of the geological setting.
Often as you develop a system as we |look at the system
the repository for Yucca Mountain and the natural elenents
and the engi neered design, it's really inportant to
under stand that we have a very good geol ogi cal setting,
and it really allows us a platform for understanding the
system for having a design, and sonetinmes that's m ssed
when you | ook at the sensitivities and | ook at the very
i nportance anal ysis, sonetines that gets left in the
background. But we do recogni ze that we have a great
setting, really, for the system the barrier, and for the
design that we're doing.

The postcl osure safety case al so obviously
i ncorporates the PA, and as | nmentioned, the additional
el ements that we'll talk about a little bit later to
i ncrease the confidence in that case.

And very inportantly, we identify what we believe
are the principal factors, and this helps us to prioritize
what we need to do, the work, how we qualify data, al
ki nds of things. And as a part of this, the Rev 04 of the

strategy will be a QA docunent. It will go through the
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full process, the QA procedures, and have transparency and
traceability to everything that we have in there. And
this was not the case in the previous versions of the
strategy.

| mentioned the geol ogical framework, and | have
listed here just some bullets. | won't read themto you,
but sone of the things that we feel are inportant. And,
agai n, sonetines sone of these things get |ost when you
start |l ooking at the bottomline curves and sensitivity,
to realize that sonme of these attributes are very
significant in ternms of our confidence in our ability to
cone up with the design and a systemthat works for waste
di sposal. And sone of these will come up a little bit
|ater, but | did want to give a reference to the nountain
and the framework that we have existing here for the Yucca
Mount ai n.

Li kewi se, you recall that Bob Andrews tal ked
about the attributes of the system Well, when you | ook
at the entire systemitself, these are the types of
attributes that the systemallows us to have, and you've
seen these before. There m ght be some slight evol ving of
the definitions as we nove the strategy forward, but
again, these are the types of things we want to do, you
know, limt the water comng into the enplacenent drifts,

and hopefully have very |ong-Ilived engi neered barriers,
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drip shield and waste package. And when they do degrade,
or so, to the delay and dilute the radionuclide
concentrations through the natural barriers, and then
obvi ously, the |last one, a new one for Rev 04, the
consi deration of the disruptive events and the | ow
expected dose rate, even considering these.

And so you've seen we have the natural setting.
We have the attributes that the systemallows us to have.
And then fromthis, we try to devel op and understand what
are the principal factors that we're going to nmake our
safety case on. And so we evolved into that. And the
princi pal factors, when you start thinking about these,
you have a |l arge set of factors considered obviously for
the siting criteria and taken into account in the TSPA/ SR,
many, many factors. And, again, Abe and Bob di scussed and
showed a | ot of these in the earlier presentations.

However, only the principal factors would be
explicitly credited in the final safety case, and what |
mean by that, on some of these factors, DOE has a deci sion
to make in ternms of how to credit, how nuch to credit,
everything that is credited obviously has to be fully
def endabl e with the Commi ssion. It has to have a strong
basis of defensibility. And so we want to be wise with
how we choose what we're going to base the safety case on

and make sure that it's something that we can live with,
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we can defend, and we have great understandi ng of, and we
under stand the i nportance of the certainties around those,
and that's what we're trying to get at.

We al so identify themto obviously understand and
i ncrease the transparency of the analysis itself,
under stand what's gone on in the analysis, and as we
di scussed before, part of the essence of the strategy is
t he understandi ng and the treatnent of uncertainty,
mtigation of uncertainty on these principal factors.

And to do this, we have a large variety of, as
you saw sone of it, sensitivity analysis and very
i nportance analysis. |In the Rev 04 strategy, we'll have a
few dozen different types of neutralization anal ysis.

We'Il also |ook at non-mechanistic infant value anal ysis
and sensitivities in order to get a |arge amobunt of
insight as to actually what's going on, try to unmask the
entire systemto really understand how it worKks.

Part of this is, we discussed it nust have been a
coupl e years ago, got into quite a bit of discussion on
this, but use of neutralization analysis. And one thing I
wanted to do is just try to gain that we have a common
under st andi ng of what we nmean here. You' ve seen a | ot of
the sensitivity analysis and the degraded barrier
anal ysis. Those anal yses of course are within the bounds

of the considerations of the PMRs and AMR st udi es. That' s
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t he best know edge of this information, our understanding
of the uncertainties.

The neutralization analysis steps outside those
bounds, non-nechanistic, it's really to unmask what's
going on in the TSPA to understand how the barriers, the
different barriers contribute, to understand the system
and rmultiple barriers, and that's what we're doing with
t he neutralization anal ysis.

And I'll show just sone exanples of this to go
t hrough, and this is just a sinple schematic, nothing real
here, this could be alnpst any type of a system But on
the very top there, you see sonmewhere you have, if you
have no barriers, no systens in here, you have a certain
anmount of release, very high, it could be in the 10 to the
11, 10 to the 12, something like that. As you start
i ncluding sets of barriers on here, you start obviously
bringing that potential nmean annual dose down and down and
down. As you include all the barriers finally, as in the
base case, nom nal case, you have that result over there.

So to understand how the various sets of barriers
or individual barriers contribute to bringing that down,
and how you | ook at them what order do you | ook at them
things like that, that's what the neutralization allows
you to gain insight on, and it really helps to start

unmaski ng. Sonetinmes you | ook at sets of these to
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understand the contribution of sone of the barriers.

Li kewi se, on assessing the defense in depth,
which is one of the key elenents of the safety case, this
is one of the elenents that | believe is as inportant
probably as the PA results itself. Basically, it neans,
as witten there, failure of any one barrier does not nean
failure of the system You know, we try to have a system
work so that we don't have any what you would call silver
bullets init. |If there's one little el enment somewhere,
if we're wong about that, it's catastrophic. W don't
want that. And so we try to analyze and unnmask and
understand the systemto see how we have and what we have
to do to build in defense in depth. And we would want to
have--you know, the system failures require nultiple
i ndependent | ow probability failures, and of course the
probability of that is reduced through installing defense
in depth into the overall system

And you can't understand this only by | ooking at
single barriers or single factors. You have to | ook at
conbi nati ons and one offs, and things |like that, and
that's why we do so nmuch analysis in order to unnmask
what's going on to understand what we have in here.

And so the conpl ete assessnent says the system
requires neutralization of conbinations of barriers or

factors as well as individual neutralizations. | was
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trying to think of sonmething to bring this to real life a
little bit, and you know, if you | ook into one of these
brand new buil dings of the hotel in Las Vegas and you want
to understand the superstructure of it, you know, you have
to tear away all the decorative facade and all the
wal | paper and the paint and everything else to see howis
the structure supported, and all the different things.
And that's |ikew se on the TSPA. You really have to tear
the guts apart to get the insight of how the various
barriers are hel pi ng everythi ng.

| was trying to think of a real |ife exanple of
wher e peopl e do--that you can understand defense in depth
and then to neutralize the barriers, and for those that
grew up in Pennsylvania in the coal mne region 50 years
ago, the way the operations were, ny famly ran coal m nes
and we would go in to try to design to figure out how many
pillars of coal we would have to | eave to support the
roof, and so, you know, to have defense in depth to have
enough pillars in there so if one fell down, the roof
still wouldn't collapse. And so you'd go through and m ne
all the coal |ike that, and then when you close a m ne,
there's other people who would conme in and try to get the
easy coal, because they had the fillers of coal. So they
woul d do the neutralization, and they would start pulling

down pillars and understand, well, | think we can pul
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this one down because that one would still support the
roof. And sonetines they were right; sonetines they were
wrong. But that was a real |ife exanple of defense in
depth and neutralization. So that's what we're trying to
do here.

And as we do all this analysis, this gives us the
i nsight at what's gone on, the understandi ng of the
principal factors of the system And to get into that, |
have a coupl e--one nore schematic showi ng the defense in
depth analysis, and the two blue lines here just show a
couple different barriers that may be neutralized, and you
m ght get sone small shift from say, the base case. So
each one individually maybe doesn't |look like it does mnuch
to the bottomline dose, and that may be because each one
of these may be acting as a backup to the other. An
exampl e of this may be if you neutralize the UZ and the UZ
transport.

But if you do them together, you find you may get
a tremendous shift, inmpact on the dose, because then
per haps there's not much backup left to those individual
barriers. So you start getting a sense of the defense in
dept h and how even though in the plain sensitivity, you
may not see nuch sensitivity to the particular barrier,
but if you understand and unnmask it and see that oh, it's

acting as a backup to another barrier, it could becone
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very, very inmportant and give you that additional
assurance of safety.

So to identify the principal factors, as | said,
we have this large set of neutralization analysis that we
do. We have all the sensitivity analysis, all the
degraded barrier analysis to try to understand how t he
barriers are inpacting or the potential inmpact and
function for the overall bottomline dose cal cul ation.

The anal yses are used to deternine contribution
of a factor. It really is not to explore what m ght
happen. It's just to unmask and understand the anal ysis
itself. And as the bottom bullet shows there, the
neutralizations provide insight into the TSPA anal ysis.
They don't indicate performance possibilities. Those are
addressed in the horsetail diagranms that you saw in the
earlier presentations.

So now we're | ooking at just a couple exanples of
sone of the prelimnary neutralization analysis that we
have. As | said, we'll have dozens of these in the
report. We were working on these | ast week and over the
weekend. | just brought a few exanples here that are
prelimnary. This one happens to show if you totally
neutralize the waste package and the drip shield, and show
the result against the base case here. And as you can

see, the results really aren't that bad. It's a little
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above 100 there, and this really means that even with that
totally, the waste package and the drip shield in there
functioning, the rest of the systemis still giving you
sonewhere along the 10 to the 9 reduction in ternms of the
potential dose.

So you start to get a sense of how the systemis
functioning, the type of backup we have to these
particul ar engi neered barriers and what's gone on here.
The next exanpl e shows neutralization of the cladding, and
here we just totally knock the cladding out at the
beginning, early in life, and you can see you get a--here,
a fairly small shift, about a factor of 5 to 7, or so, and
this is conplete neutralization now, and as you recall
earlier when you | ooked at the degraded cl adding results,
you got close to about the same shift, and we found that
one of the mmjor factors here is really the inpact on the
chem stry when you renove the cl addi ng here.

But you can see, |looking at this, you can start
getting a sense of what the barrier, how the barrier is
perform ng, what it's adding or not adding to the overal
performance, is it backed up or not backed up, what's it
doi ng for other things, and you start going through a
series of these and different conbinations, you start
gai ning good insight as to what are really the principal

t hi ngs you have to be concerned with in terns of the
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bottom | ine dose, the health and safety of the public.

So then using these, we went through this. As |
say, we've been working on this about the past half year.
We've had a series, we started with a series of
wor kshops. We went through all the FEPs. We went through
all the AMRs and PMRs, and we brought in all the experts
on everything to try to get their insight with what they
t hought was i nportant.

We had prelimnary sensitive analysis from TSPA
We now have a host of results from degraded and
neutralization analysis. OQut of all that, okay, this
woul d be our prelimnary |list of principal factors for the
nom nal scenario now, not including the disruptive event.
And you can see here's our geologic framework that |
tal ked about, the principal attributes, and then the |ine-
up of the principal factors or rocks of Gbraltar, if you
will, for the safety case. And you can see we have
seepage into the enplacenent drifts. W' ve had that
bef ore.

Performance of the drip shield and drift invert
system and I'll talk a little bit |ater about this as I
show the evolution fromRev 03 to Rev 04. O course the
wast e package gets in there. Radionuclide concentrations,
and coll oid associated concentration. Now, this canme in

fromthe workshops. You heard a |ot of discussion today
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on that, whether that is something that's inportant or
not. We're still--that's still under review and anal ysi s.
And of course we have the UZ and the SZ radionuclide
del ay as principal factors.

The next slide shows for the disruptive event,
and here, this is really looking at the indirect rel ease
of the igneous activity. The probability of igneous
activity is a principal factor, directly related to that.

The repository response to the intrusion. That neans how
much damage the waste package, how many waste packages,
things like that, drip shield, engineered barriers. And
t hen many of the other factors obviously were also on the
nom nal

So if we look at all this together and conpare it
to where we were in Rev 03, that's the next slide, and if
you | ook at this, a couple things probably come to m nd.
One is that the work where we are so far with Rev 04, does
| believe a pretty good job of validating our earlier
conclusions in Rev 03. First of all, you should recognize
that in Rev 03, we didn't have consideration of a
di sruptive events. W didn't have that analysis. So
t hese are new, but we recogni ze that.

The dilution at the well head, we have taken that
off as a principal factor. That doesn't nean it isn't

i nportant. But we thought since that has such--is
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sonewhat prescribed by the regul ations, that that doesn't
fall into the same category as the principal factors. So
we' ve taken that off the |ist.

And you can see the others are pretty nuch the
sane, except for the site redefinitions. Again, we've
added a drift invert system and I'll show |l ater on how
that comes in with the drip shield, because that kind of
acts as a system for both advective and diffusive rel ease.

And |ikew se on this, we've evolved that definition
somewhat to include the colloid associated radi onuclide
concentrations at the source. But other than that,
there's not a | ot of change there, so | believe we do have
a pretty good validation and, again, the Rev 04 will be--
have full transparency and traceability of all the results
and conclusions in the docunment since it will be a key
docunent .

So that kind of shows where we are with principal
factors. And now l'd like to nove on to really
di scussi ng, maybe taking al nost a step backward and
tal ki ng about all the elenments of the safety case. As you
recogni zed, of course, PAis just one of those elenents, a
very inmportant elenment obviously. But in terms of making
the full assurance of safety case, we aren't just
dependent on a bottomline result of the conputer code for

the PA, as the PA result is.
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We al so have, obviously, nmargin, defense in
dept h, consideration of the disruptive processes and
events, insights from natural anal ogs, and performance
confirmation. So all these el enments together are what we
call the safety case per se, nmke up the safety case and
make up the assurance of safety. And | thought 1'd just
| eave this up here a little bit so you can see that as we
now go quickly through these one at a tine.

TSPA, of course you've heard all about that. |
don't need to say nuch nore about that. You know it's al
traceable. You know what's done there, the nodels. The
bottom t here, obviously the barrier inportance assessnments
fromthat helps us to understand and gain insight as to
what's gone on. W have to do an identification of the
barriers inportant to waste isolation for regul ati ons, and
t he description of the capability of these barriers and
t he basis for that description. And that's part of what
we do.

Next slide is on the margin and the defense in
depth. There's been kind of a standard approach to these
in the nuclear industry for the last 40, 50 years. Safety
margi n, you saw fromthe base case results we are in
fairly good shape with respect to safety margin. And we
like to think of it alnost |ike a two di nensional safety

margin here. One in ternms of absolute dose nmargin to
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what ever the regulations will finally come out to be in
the first 10,000 years, and also a tine margin as you | ook
out, say, to 100, 000 years.

We |ike to see margin in both directions, and as
our base case results in the TSPA/ SR right now are
showi ng, we have an excellent margin in both directions
t here.

And this is good because | forget who brought it
up earlier, but you always are getting little surprises
here and there in ternms of data, nmaybe a little here in
t he nodel or stuff |ike that, and you al ways want to have
margin already built in there that you can easily |ive and
account for these types of changes and stuff.

And you also want to use that margin wisely in
terns of areas where you night be able to sinplify parts
of the code, or things like that, where if it's not very
i nportant, then you can take some of the conplexity out
when you go to neet the regul ations.

So that's a little bit on the margin. And on
def ense in depth, again, this is one that | think is
really critical. W hope we want to show no undue
reliance on any single element in ternms of the safety
case, TSPA. And here, prelimnary results indicate
neutralization of any individual barrier does not exceed

100 mllirens per year. That's pretty good results. And
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"Il show sonme information, some results on this a little
bit later, but we're in pretty good position right now on
def ense in depth, and I think we can even get a little bit
better, and we'll show some of the recommendati ons we have
on that.

On disruptive events, you' ve heard a | ot of
information on that over the |ast couple days. This first
slide shows kind of handling of al nbst everything except
for the igneous activity, and how it's handl ed, you know,
the seismc and the future climte changes, a | ot of that
is built right into the TSPA nodel

And water table rise, that was shown to be not
being credible in the FEPs AMR, so that's not part of the
nodel . Postclosure nuclear criticality, that is excluded
in the FEPs AMR, partly because of the long-lived waste
package. And all these would have bases that will be
descri bed and docunmented in the AVMRs. And, of course,

i nadvertent human intrusion is addressed as a separate
scenario, as dictated by the regulation.

On the next slide, we show information on the
di sruptive events, and as you' ve seen already, the direct
eruptive rel ease scenario has a mean probability that is
occurrence in 10,000 years that is |ess than one chance in
10,000. So we are going to evaluate this scenario, but do

have a consideration of not including it in the licensing
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case. Per the regulation, we could exclude that, if we
have a firmand valid basis for the mean probability.

On the indirect rel ease scenario, that is, as
you've seen, sufficiently probable that warrants
consideration and is explicitly treated in the TSPA and
with the groundwater release scenario, and will be
combi ned with the base case, the nom nal results for the
overall TSPA results.

On the natural anal ogs, currently the anal og
information that we have is sonewhat limted. | know we
had a di scussion on the inportance of this near the end of
t he panel discussion. Here are three areas where we do
have natural analog information that is being utilized in
the PMRs, and certainly, you know, where you have a good
nat ural anal og that you have confidence and you can show a
basis for, you know, being part of the Yucca Mountain,
def endi ng the nodel, you want to make use of, so we are
certainly evaluating other studies to possibly provide
addi ti onal confidence building informtion.

And | know we heard a few suggestions today from
the Board that I'msure we'll look into. This can be a
very inmportant elenment of the safety case. W do have to
be careful we don't overstate our usage of it to possibly
| ose credibility where we can. It obviously can be very

i nportant to help defend the type of npbdels that we have
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and reduce the uncertainty on those nodels.

On performance confirmation, this is one that
we've had a lot of discussion on. Part of our thinking on
this is that the principal elenents, where we can infer or
where we can show through testing, through the preclosure
period that would support the assunptions or the bounds of
t hose principal elenments, obviously that's types of
performance confirmation that should be dealt wth.

Performance confirmation | believe would becone a
formal part of the license, kind of |ike surveillance
requi renments for preclosure. Testing we believe is
di ctated by three considerations that we have |isted
there. Certainly there are sonme that woul d be
requi renents of the regulation. Those that we can use to
address the principal fractures, such as perhaps further
testing on the materials for the engineered barriers is an
exampl e. And al so any deci si on-maki ng associ ated we say

with permanent closure or possible need to exercise the

retrieval option, and this will also be addressed sonewhat
in the safety strategy.

And so these are the areas. Now, there's
obviously a ot of testing that you can think of during

t he preclosure period, and | think our way of thinking is
t hat obviously a large part of this testing would be to

support these considerations and be part of the forma
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performance confirmation, formal part of the |license, and
ot her testing would be that testing that the applicant
woul d deem inportant to them but perhaps not part of the
|icense per se. So that's the performance confirnmation.
And, again, sone of these five el ements together hel p nake
t he overall safety case, help bring your assurance of
safety for this.

Next, 1'd like to talk a little bit about where
we are, what we see happening in terns of as we proceed
hopefully to the licensing application. And in the event
the Yucca Mountain site is found suitable for the
repository, obviously a licensing application would have
to be prepared. And in this event, we would have certain
i ssues that perhaps woul d have to be addressed to ensure
def endability and credibility of our safety case for that
postcl osure safety case LA

And as part of our workshops that we went through
the last half year, we tried to identify each and every
i ssue that the experts, the |abs, the PMR | eads, that
anybody felt perhaps was inportant in terns of their case
and everything, and | wanted to identify a few here, not
all of them but a few of them that have come up, and
per haps what we could do about it.

First, as you m ght recognize, the issue, the

wast e package perfornmance, obviously very inportant,
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critical to the defendability of our safety case. And the
techni cal basis obviously for the nodels nmust be
sufficient to justify probability of the waste package
failure before 10,000 years is very low. We believe that.
We have to be able to show that.

And part of our approach here is obviously to
continue to increase the database for waste package
degradati on, conduct nodeling to evaluate the consequence
of the | ow probability nodes, and third, perhaps very
i nportant, hopefully to show defense in depth to address
t he residual uncertainty that we have with the waste
package, to show that it has been properly mitigated, in
ot her words, to show that the waste package uncertainties
are not overly inportant, and to do that through defense
i n dept h.

And speaki ng of defense in depth, | believe an
essential elenent to the safety case and first of all, to
prevent undue reliance on the waste package, for exanple,
and we've talked a little bit about this, I'll show some
information on this shortly, but right now, we believe we
do have a conservative representation of the drift invert
di ffusive transport nmodel, and it does not conpletely
support what | would consider full, very robust defense in
dept h.

And t he approach here is to do additional studies
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of drift invert diffusive transport nodel to help verify
Conka's conclusions in its paper. W'Ill show sonme results
here using 10 to the mnus 11. Part of Conka's
concl usions were that the arch really broke down for the
very | ow noisture content, and that the diffusive
coefficient really went very |ow, even nuch Iess than 10
to the mnus 11, and if we can do sone independent testing
to either verify or not verify, or see what concl usion we
can conme up with with respect that, that would certainly
be a great help in terns of enhancing that defense in
depth story. And also to |ook at other conservatisns in
the flow and transport nodel that could inpact diffusive
rel ease.
And the next slide shows kind of a story.

There's a ot of information on this slide, and this is
one of our defense in depth slides. The top |line here is
what happens if | totally neutralize all the waste
packages early on with a big 100 centineter squared patch
right off, time zero. So all the waste packages are
caput. And you can see the results here are really pretty
good, 100 mllirens per year.

SAGUES: You said 100 centineters square?

ROBI NSON:  Yeah. A patch on every waste package.

SAGUES: 100 centimeters squared is big.

ROBI NSON: Yes. So that's what's done there. And,
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again, this--just |ooking at the red curve, it does
represent pretty good defense in depth. The other, the
natural systens, the other barriers and everything, are
doi ng a reasonabl e job at backing up that waste package,
even in situations like this.

Now, all that release up through here is totally
di ffusive rel ease, because the drip shield is still
functioning. There's no advective release at all. And so
to think of what can | do to enhance that defense in
depth, | have to do sonething that would inmpact ny
di ffusive release. And, of course, the first thing, one
of the first things you mght think of is |ooking at the
assunptions in the nodeling for the invert diffusion
coefficient.

The base case is shown here, and both the base
case and this case have the sanme diffusive nodel, sane
understanding. This slide here, | hope you can see that,
it's in blue there, that is the neutralized waste package
with a 10 to the mnus 11 diffusive coefficient. And what
t hat shows you is that when | have that, all of a sudden
my drip shield and ny invert are really functioning
together to really knock off both advective rel ease and
di ffusive release, and it is really a robust defense in
depth. | mean, this totally backs up all the waste until

you get out here, this is the first drip shield failure,
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and then all of a sudden, of course you get the full
advective and you | ose your diffusive rel ease.
So there's a lot of information that comes out of
a picture like this. So you can kind of gain an
under st andi ng of how when you start | ooking at these and
you | ook at one offs on the neutralization and everything,
you really start unmasking what's gone on and gai ning an
under st andi ng of how various barriers cone into the
pi cture, whether it be seepage or anything el se, and you
get a picture of the type of releases that are com ng out,
and it kind of gives you insight as to what you may do to
hel p i nprove your assurance of safety case.
And so this is, again, the types of information

that we use to try to come up with first of all, how
t hi ngs become principal factors, second of all, to
recommend areas that we may | ook in to enhance the safety
case. And so to nme, a picture like this really has a |ot
of stories, a lot of information on it when you start
analyzing it and tearing it apart.

CRAIG Could you explain how the diffusion
coefficient cones in? Were in the nodel does diffusion--

RI CHARDSON: That's the invert.

CRAIG Al of the invert?

RI CHARDSON: Yes, just the--this is just with the

invert right underneath the waste package.
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CRAIG The neutralized waste package assumes no
invert also?

RI CHARDSON: The base case and this both have an
invert nodel init. It's the normal one that's in it, but
we believe it's fairly conservative. Okay? |t uses
arches | aw and everything else. This is the identical
wast e package neutralization, these two cases, the only
difference is the invert diffusion coefficient now for
this is reduced to 10 to the mnus 11, and that's Conka's
concl usion says that it's less than that.

So | wanted to get with the one off of the waste
package neutralization, get an understandi ng of how the
invert is inpacting nmy defense in depth conclusions on
this. So that's what this is for. Does that help? Okay.

NELSON: Can you explain what exactly do you nean by
mean dose rate? |Is this for a nom nal case?

Rl CHARDSON: Yes, this would be the sanme basis as
your base case. Okay? Except |'ve neutralized the waste
package. 1've taken the waste package barrier to water
out of the picture.

COHON: I'msorry to keep interrupting, but you
haven't taken the waste package away. You've put holes in
it; right?

RI CHARDSON: Wel |, yes.

COHON:  Ckay.
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RI CHARDSON: Tinmes zero.

COHON: | understand. But you have not taken it
away. You've put a hole in it.

RI CHARDSON: But that's all you need now to get the
di ffusive release on it, full release.

Another issue is a little bit related to the | ast
one, but the issue of possible over conservatism And in
general now, where appropriate, this |Iends confidence to
the case, allows you to sinplify, allows you to get maybe
rid of some conplexities in the nodeling. However, it
al so, you can see just fromthe last slide, it can limt
det ai | ed understandi ng of the overall system And it
could be inconsistent with the overall risk-informed,
performance based approach.

Part of the approach here again is to assess over
conservatismin sone of the key nopdels, especially ones
that may inpact some of the elenents of the safety case,

i ke defense in depth, and we nmentioned a few there, the
i n- package transport nodel, that could be including
thermal effects that could also give a natural barrier in
case of waste package degradati on.

We' ve already nmentioned the drift invert
di ffusive transport nodel. The UZ and SZ transport nodels
al so help, could help to limt the diffusion rel ease

coefficient.
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And then nodel stability. [It's not good to keep
changi ng the nodels for the safety case. Normally, you
al ways enhance, that's desirable. But the prospects for
si gni ficant changes affect confidence in the current
nodel s, and especially with the Conm ssion that has to
finally end up reviewing all this.

And t he approach here is really to focus on
nodel s in areas associated with the principal factors, and
except for significant changes, you know, changes that
woul d be non-conservative, or new data that conmes into
t hat shows that perhaps the assunptions were wrong that
you had, except for those, really to maintain the nodels
fromthe SR to the LA and use the new information or
enhancenents to really help bolster the defensibility of
the margin type of argunments. And there's precedence for
doing this in industry, too, on the comercial side.
There's al ways nodel enhancenments gone on with the codes,
but rarely do you step in and use that new nodel, but you
have it as a backup to show and to help the assurance of
safety and to show margin, and things like that. So this
woul d be the approach that would be recomended as we
hopefully transfer to the licensing application.

So a sunmary of all this, the repository safety
strategy does focus on increasing the confidence in the

safety case, including, as you saw, the TSPA analysis. It
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will provide transparency, identify key uncertainty
treatment. It works with all the elenents of the safety
case. A key elenment, one of the key elenents certainly is
the margin and defense in depth to address those
unquantified uncertainties and to hopefully show that no
uncertainties are overly inportant. W' ve got to show

that they're properly mtigated through defense in depth.

And of course inportant to the strategy is the
scientific soundness of the TSPA sensitivity and barrier
i nportance anal ysi s.

So part of the heart, part of the essence of the
strategy, one, is to fornmulate all the elenents used to
make the safety case, not just dependency on TSPA. Part
of the heart of it is to address uncertainties to nmeke
sure that uncertainties, if they' re not reduced, are
properly mtigated, and to have a defensibility of those
principal factors when we do get to the |icensing stage.

So that's the presentation.

CHRI STENSEN: Denni s, thank you. W do have time for
a few questions, and I'd like to ask really a question of
clarification that cones fromthe audi ence.

Just to be clear, on your graphs where you pl ot
doses, those are doses at 20 kilometers? They're

conparable to the charts that we saw throughout the TSPA?
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RI CHARDSON: That's right, yes.

CHRI STENSEN: Board nenbers? Dr. Cohon?

COHON: Could we go back to Slide 12? Does
neutralization in this case of the waste package nean the
sane thing it did in the |ater graphs?

RI CHARDSON:  Yes.

COHON: So there's a hole in it?

RI CHARDSON:  Yes.

COHON: What about the drip shield?

RI CHARDSON: ©Ch, the drip shield neans that it
doesn't divert any water. The water conming into the drift
drips directly on the waste package, no diversion of water
by the drip shield.

COHON: So the drip shield is basically renmoved?

RI CHARDSON:  Yes.

COHON:  And the only question occurs to ne why? |
mean why did you do the waste package--why does
neutralization nmean this now, when | believe when we saw
the barrier neutralization studies in the past, they
represented conplete renoval of whatever it was, in this
case, the waste package?

RI CHARDSON: Ch, boy, Larry | think has insight on
t hat .

RI CKERTSON: This is Larry Rickertson fromthe MO

Let ne just make one point about 100 square centineter
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hole. Mbst of the radionuclides that cone off are
solubility limted, so it doesn't depend on how nuch is
exposed, just whether they're exposed. So in the
sensitivity anal yses that people have done about the size
of that patch, whether it's 100 square neters or 200
square neters--square centineters, you get the same
answer. And so in a sense, it's conpletely neutralized.
This is, in fact, the sane approach that was used | ast
year. We had a certain size patch. Now, that patch isn't
just a patch on top; it's a patch on the bottom too. So
it's two patches, if you like. So that it's conplete
exposure of effectively as nmuch as you can get.

Now, that's a funny answer. That's a funny kind
of answer, but it's an artificial calculation to reveal
what's going on. So it was enough to reveal what would
happen when you take the waste package away, and that's
t he purpose of it.

COHON: So the word neutralization nmeans the sane now
as it did a year ago?

RI CKERTSON: Yes. It neans an artificial
cal cul ati on.

COHON: | understand that. And does this curve | ook
nore or less the same as it did the last tine we saw this?

RI CKERTSON: O her aspects of the nodel have changed,

and so what you saw was the peaks were nore pronounced.
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| odi ne and technetium were com ng out early, and that was
a peak, and then neptunium cane out later. |In the updated
nodel s, neptunium was noved forward in time, comes out
sooner, so that peak, that first peak you see is a

conbi nati on of neptunium and iodine technetium So it's a
little bit different, but roughly the sane. It's down a
little bit in magnitude. It used to be up in the order of
about 10 to the 3rd, that first peak, and now it's down a
little bit. But that's also due to refinements of the
nodel. So it's effectively the sanme, | think.

RI CHARDSON: Yeah, part of that reduction of the peak
| believe is due to the evolution of the nodel for the
hi gh-1 evel waste for the glass test dissolution rate.
During the VA days, | think we had a very, very
conservative very early dissolution rate, a few hundred
years on the glass, and now we have a nuch nore robust
def endabl e nodel that's | onger than that.

COHON: Thank you.

CHRI STENSEN: |'ve got a line-up of questioners here,
and we have a |limted amount of time. 1've got Dr. Craig,
Bul | en, Knopman, Sagués, Dr. Melson, and then several
staff menbers as well, Dr. Metlay, Dr. DiBella and Dr.
Reiter. We don't want to be here all evening, so if we
can keep the questions relatively short and not

overl appi ng, that woul d hel p.
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CRAIG Craig, Board. I1'mglad | got my hand up
early.

That certainly is one of the npst interesting
curves |'ve seen in the whole neeting, and |I'm gl ad you
didit.

Rl CHARDSON:  Whi ch one?

CRAIG The one that's on the board right now. And
in terns of thinking about that, could we go back to
Nurmber 11, the one that just preceded that? Because there
on the second bullet, you ve advised us that we're to
determ ne contribution, not to explore what m ght possibly
happen. 1'd like to understand what you mean by that.

There are those around who consider that
passivated films mght fail, and that two years of data in
dip tanks is not enough for C-22. For the people who have
that kind of concern, it seenms to me that this is a
di scussion as to what m ght possibly happen, and it's
going to be used that way regardl ess of your attenpts to
argue that it's sonething different.

So I'd |like to understand what you've just--talk
to me about that second bullet, what it means to you.

RI CHARDSON: That's a good question. Partly what it
neans is we have, as you' re aware, obviously been working
very hard on the AMRs and the PVMRs, which is really the

docunent ati on of our belief in ternms of the nobdels, in
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ternms of the waste package, and everything else. And so |
have gone outside that box, totally non-nmechanistically in
our thinking, to do the neutralization analysis.

So fromthat viewpoint, it isn't sonething that
we woul d expect. It's really done to gain the insight of
what this barrier is doing, is there backup for the
barrier, understanding the overall total barrier
contribution. But in a sense, it's totally outside our
belief in terms of what we believe through the AMRs and
PMRs and everything, as Bob Andrews discussed earlier,
this is not what we would expect. We're really doing this
to unmask what's going on within the confines of the dose
cal cul ation, and how the barriers are working. So that's
what | nmeant from that statenent.

CRAIG But that kind of an analysis can do a lot to
hel p your public and folks |ike us understand the
strengt hs.

RI CHARDSON: Sure. Again, as | said, these anal yses
really unmask the TSPA, hel ps you gain understandi ng of
the nultiple barriers, what type of backup we may have for
barriers, hel ps you |look at, you know, renoves certain
barrier functions and see the inpact of that. You really
get a lot of insight on that.

CHRI STENSEN: Dr. Bull en?

BULLEN: Bullen, Board. Actually, can you go first
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to Figure 12? And in this case, what fraction of the
wast e packages never see drips?

RI CHARDSON: The same--that has not changed. That's
the sane as in the base case.

BULLEN: So 30 per cent of the waste packages see
dri ps and 70 per cent don't?

RI CHARDSON: |'m not sure of the exact nunber, but
what ever the base case is, that would be the sanme here.

BULLEN: Okay. So essentially that 10 to the 9th
reduction is just in the area where they would have gotten
wet anyway?

RI CHARDSON:  Yes.

BULLEN: Okay. | guess | have a question, since you
brought up clad credit, | mght as well as you a couple
t hi ngs now, because you mentioned that none of the nodels
are going to change between--or not change significantly
bet ween SR and LA, and so the question would be then what
addi ti onal data m ght you need to take clad credit as you
go to the NRC? Right now, we had people tal k about
pellet/clad interaction and creep rupture fromthe inside
as being a problem W also don't know nuch about the
exact thermal history or the power history of each of the
assenmblies. And if you | ook at burnup credit as an
example with the NRC, burnup credit m ght not be all owed

unl ess you do a survey of every individual assenbly to
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verify in some neasure and form how you're going to do
t hat .

So the question | want to ask you is in a
cost/benefit analysis of clad credit, if you're only
getting a factor of, I don't know, three, four, five, how
much noney are you willing to spend to go after that
little bit of credit that you claimto be getting based on
your neutralizations?

RI CHARDSON: Dr. Bullen, | think you're reading ny
notes on this. No, that's an excellent question, and what
| meant by nodels not changing, if | could nake a
conparison in the comrercial nuclear industry? A |ot of
the safety analysis codes are very, very robust with
everything in the kitchen sink included in them Okay,
control systens, all kind of stuff. But when we run the
case for the license, a |ot of that stuff, 40 per cent of
the code is turned off. You don't credit it in the
i censing case to take those issues off the table.

Li kewi se with cladding, DOE will have an
opportunity to do--1ook at that cost benefit and, hey, if
| credit the cladding, this is what | get in the benefit.

This is the cost associated with nmeeting Appendi x B and
everything else to credit that.

If I were going to go out and make a

recommendati on right now, |1'd probably say |I don't think
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want to credit cladding for my LA. But these are the type
of di scussions and decisions that DOE will make shortly,
and by not changing the nodel, what | meant was turning
of f part of the nobdel | don't consider that as change in
the nodel. It's just, you know, how you credit parts of

t he nodel and don't credit part.

BULLEN: Bullen, Board. | understand that, and | et
me just get ny last question in and then I'I|l not take up
too nuch time. |If you'd go to Figure 23?

I n your performance confirmation, one of the
things that you want to be able to test for is that the
barriers inmportant to waste isolation are perform ng as
expected. But if you have the current repository design
where you don't see the thermal pulse until after you
cl ose the repository, how are you going to know anyt hi ng?

You won't see the response in the nmountain. You won't
see any of the issues associated with the response in the
confirmatory testing stage, so you won't have the data.

Now, the converse of that is if you kept the
repository cool, then during the course of the
confirmatory testing stage, you m ght have a | ot of data
about how the rock dries out and how nuch water there is
and the novenents under amnbient conditions, or conditions
that aren't going to be above boiling, thus, reducing the

uncertainty, if | could quote Ernie Hardin. He did say
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that if it was cooler, it was |ess uncertain, so Il
remenber that. But | just wondered what you m ght see for
barriers inportant to waste isolation. Prior to, you
know, closure, you' re not going to have much data unl ess
you do sonething. And what m ght you do?

RI CHARDSON: Yeah, that's a--well, that's a tough
question. | mght have to pull in a friend to get that
answered. You know, just off the top of ny head, and then
"1l let the audience chime in here, we will have to show
t hat any native considerations |ike thermal effects, |ike
anything else, are appropriately either considered or
bounded in ternms of the negative inpact on dose
cal culation. We will have to be able to denonstrate that
in defensibility of the |licensing case.

' m hopeful that the TSPA will be able to
uncouple itself a little bit fromsome of those types of
i ssues by appropriately bounding the native
consi derations, or doing sonmething else to reduce those
uncertainties. And I'mnot sure if we know exactly what
that will be yet, but Abe will help in this matter.

VAN LUl K:  Yeah, can | be your friend?

RI CHARDSON:  Yes.

VAN LU K: This is Abe Van Lui k, DOE. One of the
t hi ngs that we have under active consideration is actually

sealing off a test drift without ventilation to | ook at
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exactly those type of inpacts before the permanent
closure. But this is under active consideration at this
poi nt .

BULLEN: But keeping it cool would be another way of
reduci ng that uncertainty. thank you.

CHRI STENSEN: Dr. Knopman? There's seven m nutes or
so, so pl ease--

KNOPMAN:  Two qui ck questions. One, back to 12. Is
there a reason why you didn't put the time fromzero to
1,000 years on there?

RI CHARDSON: It's just the way--we got the results
plotted from TSPA. | guess it just was easier to show it
this way.

KNOPMAN: It would just be interesting to see what it
| ooks |i ke, because that woul d say sonething about your
ot her assunptions and how that comes into TSPA in ternms of
travel tines.

Second question, | just wanted to clarify. You
said the red line there where your neutralized waste
package drip shield represents a 10 to the 9 reduction
from-

Rl CHARDSON:  Appr oxi mat el y.

KNOPMAN: From what? From having all the waste
sitting in Amargosa Vall ey?

Rl CHARDSON: Di ssol ved and, you know -
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KNOPMAN:  Just sitting there?

RI CHARDSON: And no barriers, you know, just--so it
gi ves you sone indication. W have a system here of the
natural barriers and engi neered barriers, and even w t hout
t hese two things, we have a reduction of about 10 to the 9
in terns of magnitude of the expected dose.

CHRI STENSEN: Sagués, and then Dr. Pari zek.

SAGUES: In looking at that figure, | was saying to
mysel f how amazing it is that when you neutralize the

wast e package, you end up to within an order of nagnitude

of expected regulatory limts. |Is that a coincidence?
RI CHARDSON: |'m not sure | quite understood the
guesti on.

SAGUES: Well, the regulatory limt would be, what,
i ke about - -

RI CHARDSON: 15 to 25.

SAGUES: And internationally, maybe you're talking
about maybe a hundred. You take off a little bit. So
anyway, we're awfully close, | nmean, considering this, is
it a coincidence?

RI CHARDSON: | always like to say we don't nake this
stuff up. But, | nmean, this is how the results canme out
with the present TSPA/ SR nodel

SAGUES: | nust say that this is the kind of thing

that to an external reviewer, it sounds notewort hy.
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CHRI STENSEN: Dr. Parizek?

PARI ZEK: Parizek, Board. |Is the difference between
the red line and the black line in Figure 12 the answer to
my question to the panel? That's the roll of geol ogy?

Rl CHARDSON: Except for cladding credit, dissolution
rates, yes. All the other barriers are there. All the
ot her systenms. It's the system wi thout those two barrier
functi ons.

PARI ZEK: But that's cladding plus dissolution rate
of the waste forn?

RI CHARDSON:  Sure, UZ, everything.

PARI ZEK: \What ever happening to climte? The TSPA-
98, we had all these little kinks every time it went super
pluvial, and they've vanished in all the runs we've seen
in the | ast two days.

RI CHARDSON: | ' m sure sonmebody--1 know al nost anybody
in the audi ence can answer this better than ne. But part
of it, you're tal king about on the base case here now?

PARI ZEK: Well, in any of the runs.

RI CHARDSON: Part of this--the reason | think part of
this is fromdiffusion, and it doesn't--you know, whether
you have a lot of flux or very, very little flux, it's not
going to inmpact your diffusion release very nmuch. |Is that
close? So in that viewpoint, the anount of infiltration,

precipitation, isn't going to, especially early on, maybe
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much later on it will, and we have, what, two or three--we
must have three climte changes in through here in the

10, 000 years. | think one goes about 700 or 800 years,
anot her takes off to about 2,000, and then the gl acier
cones in through the rest of the tine.

COHON: Wait a mnute. This one is without the drip
shield. So it's not just diffusion; right?

Rl CHARDSON:  Ri ght .

COHON: There's advection, too.

RI CHARDSON: There will be advection, sure.

COHON: So why woul dn't that be sensitive to climte
changes?

RI CKERTSON: This is Larry Rickertson. You know,
stay tuned for the RSS. You'll see curves where that
ringing cones in. That has been stripped away and you see
the ringing, so you'll see sonme effects. This is
effectively that curve up there, even though the drip
shield and the waste package are taken away, that invert
hasn't, and so it is still controlling, it's still a
diffusive release. |It's still largely dom nated by
diffusion. So it's danping out that--the advective part
that has that ringing init, that little bit of
oscillation, is much |lower in nmagnitude, so you don't see
it. You'll see this in the updated curves, you'll see

traces of this effect.
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Rl CHARDSON: You al so have that cladding in there,
t oo, that helps.

RI CKERTSON: If | can, can | just make anot her
comment to what Debra said? She nmentioned that she woul d
have |iked to have seen it at 100 years. This illustrates
t he point that was made that this unmasking strips away
what's in the nodel, what's in the calculation. It
doesn't get at what the physics is that wasn't included in
the calculation. So if you don't see effects that you
woul d have expected to see due to heat effects and those
ki nds of things early on, this would reveal them

So the very question that she asked is the
gquestion that should be asked every time. That's the
poi nt of these unnmaski ng ki nds of cal cul ati ons.

CHRI STENSEN: Dr. Mel son?

MELSON: Yes, please, Bill Melson, consultant. Wuld
you go back to 21, please? |If you allow for intrusion
into the repository and its effects, the probability that
that intrusion, that the dike rel eases surface is judged
pretty high by npost of us.

RI CHARDSON: You're tal king about the direct eruptive
rel ease?

MELSON: Right. So | think to release that certainly
isn't kind of what nost of us are thinking about, that

that really ought to be considered and eval uat ed.
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RI CHARDSON: It's kind of a--this is a call that DOE
will make. |t depends on how defensible we believe our
basis is for the probability cal culation. But according
to draft Part 63, strictly you can exclude an event if
it's less than 10 to the m nus 4 over 10,000 years. And
ri ght now, our mean cal culation neets that criterion
However, | believe even if we pursue that path, we woul d
still want to have a back pocket cal cul ation show ng the
consequences anyway. But strictly according to the
regulation, and in fact | asked this at--we had an NRC
tech exchange a few nonths back, but you can exclude this
event. But you have to have a defendabl e basis,
obvi ously, for that probability excursion.

| don't know if anybody wants to add to that.

CHRI STENSEN: G ven the inmportance of this and the
fact that we've got several staff nmenbers, we've given a
little bit nore tinme, and | want to invite Dr. Metlay and
then Dr. DiBella and Dr. Reiter to pose their questions.

METLAY: Dan Metl ay.

RI CHARDSON: | know this question. It's too hard.
Go ahead.

METLAY: We talked a little bit about this. But |
think it's inmportant to get it onto the record as well.
You' ve tal ked about the RSS in terms of building

confidence for a license application. O course, there's
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anot her decision point that's com ng up perhaps within a
year. And so the question is how useful is this strategy
for building confidence for a site recomendati on? And so
| guess what | would like to do is give you ny assessnent
of where they are in terns of the strategy, and then have

a real quick followup in terns of the inplications of

t hat .

And | guess the first thing I'd ask you is your
assessnent is substantially different than mne. | guess
| woul d argue you really have six pillars. | would
separate out safety margin from defense in depth. | think

they're conceptually different, and | think thinking about
themis nore useful if they' re separate out than put into
a single bucket. So if we take that as a starting
assunption, there's probably six pillars of w sdom here,
six pillars of confidence. It seens to ne that three of
t hem are not independent, that is, they all rely
fundamentally on TSPA, and those three are obviously TSPA,
di scussi on of disruptive events, and safety margin.

So the degree to which you believe TSPA, then you
will also believe your discussion of safety margin and
al so disruptive events.

So that | eaves three additional pillars left. |
think the discussion that you made and Dr. Runnells made

woul d lead me to conclude that the availability of



© 00 N o 0o A~ W N P

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

578

information for natural analogs is not |likely to be
significantly different in a year than it is today. |Is
that a fair assessnent?

RI CHARDSON: That's, | would say, probably yes.
Obvi ously, we want to take whatever credible credit we can

for natural anal og.

METLAY: | do understand, but as you indicated on
your slide, that data is now linmted, | don't know noney
t he program has allocated for the next fiscal year. But

realistically speaking, if we're tal king about an SR and a
year from now, we're not going to have much nore natura
anal og dat a.

Rl CHARDSON: | woul d concur.

METLAY: Okay, that |eaves two nore pillars in your
strategy. The next pillar is performance confirmation.
That's a set of promi ses for the future, and we've had the
first draft of the performance confirmation plan that hit
the street to give us some indication of what those
prom ses are.

As | read it at |east, of your six principal
factors for your nom nal scenario, three are totally
absent in your performance confirmation plan, and it's
certainly arguable that you're not going to get a |ot of
good i nformati on on sonme of the other three in the 50 year

period that the plan tal ks about. So that |eaves defense
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in depth, and | think the Board on a nunber of occasions
has poi nted out the inportance of defense in depth, and
t he i nportance of devel opi ng an i ndependent and nultiple
i nes of argunents, and | think we can begin to see sone
of that being developed in this presentation.

So | guess now I'Il throw it over to you, and ask
is your assessnment of where the strategy is today and a
year from now significantly different than m ne? And then
a trickier question, which if I were you, | wouldn't
answer, but nmaybe someone el se mght want to, is it
appropriate to make an SR decision at a | ower |evel of
confidence than a |icensing decision?

RI CHARDSON: As | said, very good question. Yeah,
just to comment on a few viewpoints, yeah, | also think in
my m nd of margin and defense in depth are kind of two
different animals. | think they're used to gain
confidence in tw different ways. Even though margin
obvi ously cones right off of your, you know, the base
TSPA, | feel alittle bit better like if | have three or
four orders of nagnitude bel ow whatever ny final
regulatory limt than if |I'm about up against that limt,
because that gives me, margin is margin, and it gives a
little wiggle roomfor things to go bunp in the night,
both on that and also on the tine.

Defense in depth, | agree, | think that is as
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critical an elenment as the TSPA. |'ve always felt that
way. | think we can do a | ot to enhance and to devel op

t he basis for how we feel about the defense in depth, and
| think we're trying to identify a few areas that can help
that. | think we have sone pretty good defense in depth
right now. | believe we can show it better.

On natural analogs, | concur with what you're
saying. On performance confirmation, we'll see what we
can do there. | think there probably are a few things
that we can do to try to infer, as Abe said, not only for
heat or sonme of the other things, but also to help infer
t hat some of the bases, sone of the assunptions that we
have based the principal factors on are indeed sound.
Sone m ght be very difficult. There m ght be no real good
way. |In comrercial nuclear, there's a lot of things you
have to infer fromsonme indirect neasurenents, and you do
t he best you can do there, and then you put in the
appropriate margin for uncertainties on that inference to
ensure that you haven't violated the basis of any
assunpti ons.

We will continue to try to enhance and invol ve
the elements of the safety case. And, again, this is
sonewhat --wel |, not somewhat, it is prelinnary because
we've only had just a few days really to try to digest al

t he data that we have asked for and have gotten, and then
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to figure out, okay, what does it nmean, what do we do,

what should we do in the future. W nay not be able to do
a whole |lot of new stuff for the SR, but | think we can
certainly do sonme enhancenment to nmake those el enents
stronger for the LA.

And, again, | believe in the SR, you know, if you
| ook at draft Part 9-63 and some of the stuff, we really
need to show that we have a good belief that we'll be able
to neet the requirenments of draft Part 63. And, of
course, as we go to LA, we have to neet themin a
def endabl e manner.

So that's how we'll proceed forward, and we'll
just work as hard as we can to ensure that we are doing
things in a credible, defensible manner, and | think the
real start to that will be the Rev 04, which will be a QA
docunent, and at |east show the basis for where we are at
this point in tinme, and what we believe we further need to
do as we march down that road.

METLAY: | notice you took ny advice and didn't
answer the followp question. Mybe there's someone from
DOE here who woul d be interested in responding.

BROCOUM  Steve Brocoumwi th DOE. The SR decision is
a major decision. |It's probably the nost inportant
deci si on DOE nakes in this whol e process, whether we

decide to go forward, and it's really the Secretary's
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deci sion, and he will take into account all the
information in the SR, the coments he gets fromthe State
and other interested parties, the information he gets from
the NRC on the sufficiency, and any other information he
deens that he needs to have.

So | can't tell you what that decision is, how
he's going to make it exactly. W are going to give him
the SR/ CR and presumably the SR, for himto make that
decision. But it's the single nost inportant decision the
DOE makes. [It's a recommendation. [It's not even a
decision. |It's a reconmendation to the President. Then
that's a positive decision accepted by the President, then
we go into the very detailed licensing proceedi ngs, which
will be at |least three years, with the NRC. And this wll
be di ssected, a whole safety case will be dissected as the
NRC can expect in many different ways, and it will be all
| ooked at very carefully | expect in that whole
proceedi ng.

So | can't give you a clearer answer than that.
But this--the DOE decision is fundanmentally a policy
decision, it's a policy to the country to go forward, that
t he decision is com ng up

CHRI STENSEN: Dr. DiBella?
DI BELLA: Thank you. M question was al ready asked

and so I'll pass the m ke down to the next person.
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CHRI STENSEN: Dr. Reiter?

REITER: It's just a quick coment, and then a
guestion. In response to Dan's question, the inplication
is defense in depth is independent of perfornmance
assessment, and it seens that a lot of the calcul ations
showi ng that you have defense in depth, at |east now, are
based in large part upon performance assessnent, and in
many ways are subject to sone of the problens,
particularly different |evels of conservatism may mar the
contributions of different conponents. So you may not get
an accurate description of what defense in depth is.
That's a comment.

The question is Dr. Parizek asked you a question
earlier on and you said yes, well, what |evel does a
natural barrier contribute, and you say it adds a | ot.
And |I'm just wondering, what we haven't seen here is
anyt hi ng about the contribution of the saturated zone or

t he unsaturated zone, or retardation or anything |ike

that. So what is the basis for your answer that it adds a
| ot ?

RI CHARDSON: Thank you for that question. | neant to
add additional information on that. W have--I haven't

brought, obviously |I haven't brought all the anal yses that
we have, and we are doing neutralizations and | ooking at

different natural barriers, and | tried to give sone
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i ndi cation of sonme of the results, and sonme again is
sonewhat nmasked by the invert, if you understand what |'m
sayi ng, because a barrier that inpacts advective rel ease
early on with the invert nodel we have right now, is not
goi ng to show much, just like the drip shield.

So you have to do a nunber of different one offs
to gain the insight as to, boy, given this condition, how
is that barrier doing, and is it acting as a backup for
sonething else. Right now, if |I would |look at the UZ or
the SZ transport and take that function away just by
itself, I"'mnot going to see a whole | ot of change because
of the backup of one to the other. [If | would take them
both off, it shows they're acting as a defense in depth,
and | would get a pretty major change.

So those are the type of viewpoints that we're
getting that show that the natural barriers do play a very
i nportant role and conme in, but you have to | ook at them
in special ways to understand how they, as a whol e system
act in terms of hel ping defense in depth, backing up other
barriers, considerations |like that.

And al so again, as you saw, renoving some of the
mai n key engi neered barriers, it's the natural barriers
t hat, you know, are knocking that dose down ei ght and nine
orders of magnitude. And also, | tried to infer at the

begi nni ng that the geol ogical setting itself, which is the
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mountain, really provides a terrific platformfor the
repository system And often you won't see credit per se
for that in the sensitivity or defense in depth
cal cul ati ons because it's kind of designed for. But if it
were thought that, you'd have a hard tine.

| hope that helps a little bit. [|I'msorry I
don't have ot her analyses and stuff here to show you. But
we will have all these analyses and stuff in the Rev 04.

CHRI STENSEN: Denni s, thank you. | think we probably
need to bring this part of the session to a close. And,
Abe, I'd like to invite you to put a wap on our
di scussion on TSPA, if you woul d.

VAN LU K:  This won't take very long. As | was
trying to figure out just what to say in this nmeeting, it
occurred to ne when | gave ny talk this afternoon that
what | really wanted to convey to the Board and to the
assenmbl ed public here is what's on the first two slides,
whi ch | skipped over, in this presentation.

And if we can go to the first one, if we | ook at
a docunent written by Nucl ear Energy Agency people, in
fact, | was part of the group that wote this, so it's a
little bit prejudice, but it's 14 nations and the | AEA and
t he European community all agreed on this |anguage. "It
is appreciated that decision making requires that the

techni cal argunents, including perfornmance assessnment and
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argunments that give confidence in its findings, are
adequate to support the decision at hand, and that an
efficient strategy exists to deal at future stages with
uncertainties that may conprom se feasibility and | ong-
termsafety.”

You know, | woul d suggest you read the whol e
docunment because there's a couple of other clarifying
par agraphs on this. But the point is that you have to
| ook at the stage at which your repository programis.

Are you receiving wastes and incurring radiological risks?
Are you contenplating a decision that comrmits the nation
to spending a | ot of noney? Those types of considerations

have to go into whether or not the |evel of confidence

t hat you have in the calculations at this point support

t hat deci si on nmaki ng. And that's why | said earlier
VA, | felt we were not there. SR, | feel that once we get
t hrough with the process that we have outlined internally
of checki ng and maki ng sure that everything is correct, |
think we're ready to nake that societal decision as Steve
described it, exactly as Steve described it, and then
cones the decision which weighs nore heavily on are you
willing to go forward and antici pate spending so nuch
noney to construct this thing and spendi ng so much noney- -
not so nmuch noney--but also a few years |ater, five years

at | east, beginning to incur the radiological risk of
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actually transporting and noving waste into the
underground. So, to me, there is an escal ating need for
confidence in the nodeling.

Now, if we go to the next page, | think that we
are following this exact logic in the construction of the
SR. We are estimating system performance, and as we have
di scussed here roundly, there are uncertainties in the
nodeling. There is a credibility problemw th sone of the
nodel ing from sone of the external experts, and, you know,
it's an indication that we have not nailed this thing down
to the point where everyone that |ooks at it will say oh
yeah, we believe this.

But we are | ooking at quantifying uncertainties
and we are, you know, because of the recommendations by
t he Board, we are seriously trying to inprove that aspect
of things. And you heard a |ot of things today fromthe
process nodel people that show that they are busily
eval uating uncertainties and trying to bring up the
confidence | evel that you can have in each one of the
nodel s.

And then al so, we have a safety strategy that
di scusses confidence, and al so di scusses steps forward.
Now, the reason that we're still doing steps forward is
because we do believe that there's a difference in the

degree of assurance that's needed between SR and LA, and
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we will continue to do that afterwards al so.

If you |l ook at the performance confirmation plan,
you see that it is focused both on regulatory requirenents
and on | arger scale issues like not |osing an opportunity
for collection of data that, you know, is a once upon a
time opportunity, keeping the seism c network in place,
for exanple, just in case there's an earthquake and you
want to learn fromit. And there's a |ot of other
considerations in the plan that we have for perfornmance
confirmation.

So | think when you | ook at the stage that we're
in, I think that the SR and the TSPA that feeds the SR is
at an appropriate level. |If we, the DOE nmanagenent above
me, especially did not think so, we would say we're not
ready to make this decision.

So | think that's a good setting for the whole
di scussion that you' ve heard today. Yes, there are
uncertainties. Yes, we are |ooking forward to the
opportunity to do some natural anal og work, and we do have
sone plan for next year in the field. But it will be two
years before that pays off in terns of new insights and
nodel i ng i nprovenents. And, yes, we do have plans to | ook
at the |ithophysal zone nore carefully, and probably
reduce some of the uncertainty in that nodeling, and we do

have plans to continue the work in the saturated zone,
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especially, and then | have a few pet things that | would
like to do also. But we are continually |ooking at
i nproving the basis for decision nmaking as deci si on maki ng
gets closer and closer to taking on the actual
radi ol ogi cal risk
So | think, you know, that's all | wanted to say
in a wap-up sense, is that this discussion today has been
very good for us. | don't know how it was for you. But I
think it's been very good for us because we've heard sone
strong coments, especially on one of our key, if not the
number one feature, in the repository, some conmments
saying that you' re not quite done creating a case that I
can believe in. And I think we need to hear that and we
need to react to it positively.
And with that, I will of course not take

guesti ons because there is no tine.

CHRI STENSEN: Real | y qui ck

BULLEN: Bullen, Board. | know | don't want to eat
into public comrent period, and | apol ogi ze. But you
nmenti oned steps forward, and | guess the one thing that--
you go back to the | AEA comment or the NEA coment on the
previous slide, if you' d do that for me? It tal ks about
sufficient strategy exists to deal at future stages with
uncertainty. Does that strategy also include an exit

strategy, what if we find out that the dikes are actually
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going to intersect the nountain and volcanismw th a

hi gher probability than we expected, and so we really

m ght have to exit the site? |Is this part of the
repository safety strategy, that you' re going to provide
to the Secretary of Energy that there would be an exit
strategy?

VAN LU K: | think, well, maybe it should be said,
but | thought it would go without saying that if it |ooked
li ke the system had a reasonabl e chance of being unsafe,
we woul d not go forward. | nean, perhaps it should be
stated in the strategy. W don't want to go back to the
SCP days where we nade tables and tables.

BULLEN: Bullen, Board, again. | guess it's just
that if you do find some surprise, and | guess the thing
t hat harkens to nenory is the Swedi sh experience where
they're taking a |l ook at a phased |icensing approach,
which is the wong words to say here, but they've got a
we'll put 10 per cent in and we'll see what happens, and
then we'll put the rest in, and there is a conplete exit
strategy associated with that which allows for retrieval,
and | know that's an expense and | know that's somet hi ng
that you don't want to deal with associated with here, but
it adds credibility to the fact that if you really do find
sonet hing, that you know, this is not just a big

bureaucratic inertia that's going to get this thing in the



© 00 N o 0o A~ W N P

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

591

ground no matter what, so when you | ook at that strategy,
a few words that address an exit strategy m ght be
prudent .

VAN LU K: It mght be prudent. W already have that
in the DEIS, and it will be in the FEIS. W have the 50
year retrieval period with performance confirmation
testing, which nay be extended to 100, 200, 300 years.

The thing that | don't |ike about the idea of,
you know, doing an inpartial enplacenent of waste and
watching it is that we expect nothing to happen. So, to
me, this is a subterfuge. You really don't expect to
| earn anything fromthat kind of thing. You have to
aggravate the conditions.

BULLEN: Bullen, Board, finally and lastly. | didn't
think that you were going to |learn anything, and I
nmentioned that in fact that the confirmation testing
wasn't going to show anything. | was thinking of
sonet hing you found as a surprise, like the dike exanple,
which is what's fresh in nmy menory. And that's the only
thing that comes to m nd now

NELSON: Dan, | thought you were going to bring up
sel f-shi el di ng agai n.

BULLEN: Later.

CHRI STENSEN: Abe, | want to thank you and your

col |l eagues for a really excellent, very clear and high
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quality set of presentations. |, for one, have |learned a
great deal and | appreciate also your willingness to neet
with us in a nmuch less fornmal setting in the panel
di scussion. And with that, 1'll turn the nmeeting back
over to Chairman Cohon.

COHON: Thank you, Norm and thank you for your fine
job of chairing the afternoon session.

We have one person signed up for public coment,
and then one witten question, which I will ask after our
commenter. And that's Bob WIIians.

W LLI AMS: Thank you, Dr. Cohon.
l"mBob Wlliams. | retired fromEPRI six years

ago. During the first six years of the TRB neetings, |

attended essentially every neeting. |In the past six
years, |'ve attended only three neetings. |It's probably a
nmeasure either of nmy ego or ny hubris that |I'm bold enough

to stand up here and after a five year hiatus, presune to
gi ve you advi ce.

But | spent enough of ny life at this that | see-
-1 am concerned that you're headed for sone mgjor
pitfalls, and | want to bol ster the courage of the TRB, |
want to bol ster the courage of the M&O, | want to bol ster
t he courage of DOE to take sonme tinme to restate your
safety case. | think that's what it comes down to.

As |'ve agoni zed over what to say here today, |et
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me first offer a perspective. | think WPP is a perfect
exampl e of how tenacity will pay off. If you hang in
there, after 20 years, you can probably get a license.

But now |l et me hasten to add that they have roughly 5 per
cent of the radionuclide inventory that you have, and a
much sinpler, nmuch easier to |license geology. |f anybody
wants to debate that, |I'Il buy you a beer in the bar and
we can go into that.

Now, the problem | see is | would not have the
temerity of M. Richardson to stand up and say that the
safety margin is adequate in both magnitude and in tine,
havi ng had Bob Andrews show this chart the previous day.
It's adequate if you are talking strictly of the 10,000
year |licensing period, and it's adequate in tinme in the
sense that nothing starts to happen until 20,000 years.
But if this is the m ndset that we go forward with, then |
think we will lose all credibility and will play right
into the hands of the people in Nevada who are fighting
this repository.

So |'ve agonized and | conclude do I think Yucca
Mountain is safe, and the answer is yes, it can be made a
safe repository. But | conclude that the anal ysis that
you have done has not made the margi ns of conservati sm at
all visible.

Now, the | ast speaker today tenpered ny remarks a
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little bit by showing the--1 can't think of the jargon,
this anal ysis--neutralization analysis. This goes
partway, and ny sinplistic advice would be go beat on M.
Bodvarsson and go beat on the | ady who does waste
packages, and take back some of the margin that each of

t he individual analysts has in their pocket.

| still argue that you have |et individua
i nvestigators keep too nuch margin, and it's not an
unethical thing to do to ask themto make that margin
vi sible so that you can have an expected case that doesn't
| ook |'i ke an accident scenario. You shouldn't be bouncing
al ong in the undi sturbed scenari o showi ng doses that at
the 95 per cent confidence |evel are up above 1000
mllirens.

Now, | won't argue whether the confidence
intervals should be 95 per cent or the nean or 80 per
cent, but | don't think it can be the mean value and |
don't think it can be the median. |It's going to have to
be a little bit on the conservative side of the mean or
the nedian. And in this game we're playing, that gets
rapidly up to the 95 per cent val ue.

So | think there are sone management techni ques
t hat have been used in the past and could be used agai n.
Back in the 1990 to '92 tinme franme, then Program Director

John Bartlett put Gol der and Associates to work, and he
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put EPRI to work, and together | think we cane up with the
framework that is in |large part captured in the EPRI nodel
and shows up in all these angel hair diagrams.

So it mght be time to get a small team of
creative individuals to conme in and figure out how working
with the existing staff to recast the safety analysis. |
reiterate I would not go forward if this is the basis for
your analysis. You're going to have to figure out how to
t ake back and make visible M. Bodvarsson's conservatism
and sone of the waste package conservati sns.

Just as one very quick exanple, ny first neeting
at EPRI had M. Roger Staehle talking about steam
generator tube cracking. And the sane issues that he
mentioned at that time, he nentioned--his people nmentioned
earlier this week. You are not going to resolve those
stress corrosion cracking issues in all honesty well
enough to project to 10,000 years. So the quicker you put

in sone type of ceramc barrier or some type of barrier in

t he waste package, the nore this analysis will | ook
robust, and it will not--you know, | think |I heard one
board nmenber characterize this as, well, what do we have,

a waste package in a mountain. And | have to say sitting
in the audi ence, that the inpact of these presentations
does cone across that way.

So | believe there are a |lot of things that can
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be done. One of them m ght be a subterfuge, but | think
it's a legal subterfuge. | think you need to nove the
engi neered barrier systemfive or ten nmeters into the
geol ogy. Just as one exanple, we talk about the drip
shield. If we were to put nmulti-levels of tunnels in
there and put capillary barriers in the tunnel, arguably
at least, this would be as fool proof a way of building a
drip proof repository as your titaniumdrip shields.

Now, if | had the answer to this all sketched
out, | would volunteer it to you. These are just
brai nst orm ng suggestions. But | think some brainstorm ng
has to be done to illustrate the areas in which you have
conservatismin the Yucca Mountain site. You have
conservatismboth in its ability to drain, in the ability
to go in and, you know, the buzz word would be a drip
proof repository.

You know, Larry Rickertson, Abe Van Luik, cone
back in two nmonths and show nme as the reference case, the
drip proof repository. It mght have no rel ease for
50, 000 years and be a credible base case.

Now, one of the early studies | did at EPRI was
to show how t hermal expansi on bl ocks off the fractures.
You know, if you took into account the thermal pulse, its
clamping off of the matrix, the apertures in the fractured

matri x, these and other factors could go aways toward
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giving you that extra one or two orders of magnitude that
I think would be a credi ble case.

Let nme reiterate, and I'Il sit down, | think you
will just play into the hands of our critics and you'l
probably bring down the programif the reference |icensing
case, the nonmi nal scenario case, has out-year results that
are up above 500 mllirem nore |like 1000 or 2000
mllirem

So | appreciate your taking a few m nutes to hear
t hese comments. They're offered strictly to be
constructive. | think that you can perfect the
expl anation of this analysis, but | think it's going to
t ake, mnmy experience, probably another year. |It's going to
require a mpjor effort to recast your analysis and nake
visible the conservatisnms that now are buried in this
conpl ex nodel

Thank you.

COHON: Thank you very nuch, Bob. |It's a pleasure to
see you back here at our neeting.

We have a question, witten question fromthe
audi ence that was intended for Kathy Gaither. |'m not
sure she's still here. But in any event, | think Abe was
going to answer it anyhow. Let me read it into the
record, and then Abe will answer it.

"Anong the 13 FEPs on Slide 4 of Kathy Gaither's
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presentation, you state, 'Hydrol ogic response to
seismcity/faulting; exclude |Iow significance.' Assun ng
the University of Nevada Conm ttee investigation headed by
Jean Cline shows a deep seated hydrothermal origin for the
calcite silica deposits in the ESF, how will this affect
the disruptive events PMR for seismcity and faulting?
G ving the foregoing assum ng, assune further that some of
t he ages of the deposits are less than 1 million years
old."

You're on, Abe. Do you need this to refer to?
O you've got it. Got it?

VAN LU K: Some of the specul ative answers that the
question is looking for I can't give you just right off
the cuff. 1It's true that water fluctuates. Water |evels
in the water tables fluctuate when there's an earthquake.

This has been nmeasured. |It's even been neasured at Yucca

Mount ai n.

The typical water table rises are centineters to
a few neters. They are transient rises. They don't |ast
very long. Water tables after these events return to
previous |levels, or very close to them

Now, since in our nodeling, a climte change
i nduces a change closer to 100 nmeters, changes that |ast a
long time, the possibility of a tenporary rise in the

water table of a few meters woul d have no effect.
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Therefore, it was screened out in the FEP screening
process. There would be no significant consequence from
this particular effect within the bounds that we have felt
wer e reasonabl e.

The idea that seismic activity could propel water
into and flood the repository has been reviewed by a
conm ttee of the National Acadeny of Sciences, and of
course it's been reviewed by our own scientists. It is
consi dered incredi ble, nmeaning it has such an extrenely
| ow probability that that probability is close to zero.
And so it is screened out on the basis of |acking
credibility scientifically.

The work being done by Jean Cline at UNLV with
her col |l aborators is independent. They are | ooking at two

phased fluid inclusions in Yucca Mountain. That work is

not yet conpleted. Inclusions found thus far are
associated with the older fracture fillings, neaning they
the fillings closest to the rock. Wk continues, but the

war ni ng has al ready been sounded that the results may
never be definitive.

Unl ess proven ot herwi se, the scenario of a
hydr ot hermal event pushing water into the repository is
screened out. It may be that the fluid inclusions seen to
date were created during the cooling phases that are

extrenmely old, with the higher tuff |ayers being overlayed
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over deeper ones. But that is just a hypothesis at this
poi nt .

We have | ooked at the secondary effects of
vol canism introduci ng aggressive hot fluids. W
eval uated that in the TSPA/ VA, and saw that it has a very
m nor effect on a limted nunber of waste packages in
terms of their lifetime, conpared to the direct effects of
a magmatic intrusion or eruption.

So that is my answer to this question. As to
specul ating what if what we feel is incredible turns out
to be credible, we will face that if that actually is the
out come of that research.

COHON: Thank you, Abe.

Jerry Szymanski is here and he asked to comment
on this issue as well. Jerry, state your nanme again just
for the record. Thanks.

SZYMANSKI :  Jerry Szymanski. | wasn't intending to
speak. But | heard this, and it is incredible to ne.
Nurmber one, we are not speaking of the effect of vibratory
ground notion. The transitory effect, which we know what
it is, it's small, what we are concerned is a--induced
changes to the system which contains a hydrothermal
system I n other words upsetting the bal ance of the
rating numbers.

It is so msleading what | have heard, that |
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just couldn't resist.

There's another issue. Where is this inclusion
occur? We do know that three years ago, they were not
there at all. A year ago, they occurred at the base. But
we do know now, and anyone probably knows better than I
do, they occur at the base, in the mddle, and in the top.

Where do you stop it? W already know that the ol dest
dated m neral which contains this inclusion is about 9
mllion years old. The young one, about 20,000, and
everything in between.

How t hen can we, with a straight face, state what
| just have heard? The main point here is that indeed,
the nation is facing a decision |ike never before. W'l]
go to the president and we'll ask himto sign this thing.

There was a very appropriate question, how nuch
confidence do we have to have? But if we derive this
confidence from m sl eadi ng and erroneous information, how
good is it?

Thank you.

COHON: Thank you, Jerry. Are there any other
comments fromthe public?

(No response.)

COHON: Seeing none, let nme close the neeting with a
few very brief coments. | subscribe entirely to what Abe

said in his sunmary of the last day and a half. | think
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it was as good for the Board as it was for DOE and its
contractors. There was a trenendous amount of
information. |t showed a degree of integration and
connection that | don't think we've ever seen before at
our rmeetings.

Many of the results that we saw were very recent,
very fresh, and we know that, and we recognize that it
takes a certain amunt of bravery on the part of DOE and
trust and respect for the Board for you to do that, and we
t hank you for your willingness to present those results,
and to expose yourselves, open yourselves up to the kind
of panel discussion and free-for-all that we had.

| think everybody affiliated with the program
i ncluded thensel ves very well, Abe, and you should be
proud of them And on behalf of the Board, thank you very
much for all that you did and all that your colleagues did
over the last two days.

In closing, | want to thank nmy col |l eagues for
their support in this excellent neeting. Linda Hi att and
Linda Coultry for their wonderful organizational and
| ogi stic support. Leon Reiter who basically was the
brains behind this entire thing, and mracul ously pulled
this off in terns of getting as nuch and as many peopl e
into the program over such a short period of time. Thank

you, Leon.



© 00 N o 0o A~ W N P

N N PR R R R R R R R
b O © 00 N o o b W N B+ O

And, finally, to the only person who actually
knows everything that everybody said, Scott Ford. He's
with us once again and we're delighted to have him here.

Wth that, we stand adjourned. Thank you very
much.

(Wher eupon, at 5:30 p.m, the neeting was

adj our ned.)
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