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P-ROGEEDI-NGS
8:46 A M

CHAI RVAN HORNBERCER: The neeting wl|
cone to order, please. This is the second day of the
140 neeting of the Advisory Conmittee on Nuclear
Waste. My nane i s George Hornberger, Chairman of the
ACNW The ot her nenbers of the Conmttee present are
Raynmond Wner, Vice Chairman; John Garrick; MIlton
Levenson; and M chael Ryan.

Today the Conmittee will continue the
wor ki ng group on NRC and DCE performance assessnents,
assunptions and di fferences.

Mke Lee is the Designated Federal
Oficial for today's initial session.

This nmeeting is being conducted in
accordance wi th t he provi si ons of the Federal Advisory
Conm ttee Act.

W have received no witten coments or
requests for tine to make oral statements fromnenbers
of the public regarding today's sessions. |f anyone
wi shes to address the Committee, please make your
wi shes known to one of the Cormittee's staff. It is
requested that the speakers wuse one of the
m crophones, identify thenselves and speak wth

sufficiently clarity and volume so that they can be
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readi |y heard.

We are in md-course here on our worKking
group and | again will turn the neeting over to John
Garri ck.

DR. GARRI CK: Thanks, George. | just want
to again remnd the participants that what we're
trying to do here is devel op increased under st andi ng
of the performance assessnent work that particularly
we have tried to put the enphasis the source term by
whi ch we nean the nobilization of the waste and the
devel opnent of their radi onuclide rel ease conditions.

Also, | do want to enphasize that the
orientation here is not so much conpliance as it is
trying to understand and 1'd like to continue to
enphasize that. 1'd also |like to be able to wal k anay
fromthis nmeeting having sone indication of what the
experts think is a realistic approach to this whole
i ssue, again as opposed to necessarily putting the
focus on conpliance.

We, as a Conmittee, we have given | ots of
enphasis to the issue of trying to establish a
realistic reference point against which to nmeasure
things |i ke conservati smand we' ve al so gi ven | ots of
enphasis to trying to stress the concept of evi dence-

based performance assessnment as opposed to assunpti on
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6

based in support of assunption based. And | use the
wor d evi dence as oppose to dat a because evi dence t akes
on a nmuch broader nmeaning than data and i ncludes
net hods of analysis, analogs and a whol e bunch of
ot her inputs.

One of things that we were very much
interestedintryingtoconetosonmegripswithinthe
work shop was given that the performance of the
repository is driven by a relatively small nunber of
radi onucl i des, we start out with some 300 that are
radi oactive and we end up with some 3 to 5 that
dom nate the risk and depending on the tine segnent,
it my be 1 or 2. So an idea that we have suggested
tothe staff and that we woul d | i ke to hear nore about
and we're hopeful that we're getting sone of that
today is starting sonewhat with the results, nanely
what the dose is and peeling back the nodel to see
what's driving those results al nost on an individual
radi onuclide basis. Sone of that we expect to hear
about today.

Two things cane up yesterday that are
clearly centers of discussioninregard to the thenes
that | have tried to articulate. One of course, the
key questions about the source term and the

uncertainties associ ated with the source ter mand what
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are really the inportant drivers.

The other is the whole issue of the
bi osphere and the dose uptake, | think deserve sone
revisiting, again, not so nmuch in the context of the
conpl i ance i ssue, but in the context of understanding
what really constitutes a reasonable approach and
resul ts.

So with that, we're going to continue. |
do want to do a little clean up of an itemthat was
| eft open yesterday. Abe Van Lui k di d apparently some
nore honework on a coupl e of questions he was asked
and | want to take this opportunity to get that
cleared up and then we'll nove on with our agenda.

DR. VAN LU K:  Thank you. Abe Van Lui k.
Yesterday, in response to a question on the design of
the invert, | m sspoke. | did sone checking yesterday
with the help of several individuals here. The
structural steel to be used is going to be a carbon
steel in the invert, just to keep things in place
until after closure. After that, there wll be
basically that's asacrificial material. It will rust
and it will allow settling of the enplacenent nodul e
on to the rock over tinme probably. So | just wanted
toclarify that and | appreciate the opportunity to do

SO.
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8
DR. GARRI CK: kay, thanks. Al right, I

guess we're ready to start the programand we' re goi ng
to -- we're addressing the agenda itemthat's title
sinplified nodels of key contributors of dose traced
t hr ough vari ous nodul es, sonething | was just tal ki ng
about. And | guess Peter Swift?

We' Il have to make sonme adjustnments on
timng here given the i nposition of the orange alert,
so I'll look to the speakers to help us in that
regard.

MR.  SW FT: Is this mcrophone [ oud

enough? Can you hear nme? It's okay? Here's the

poi nt er.

By way of introduction, I'mstill the sane
person | was yesterday here, Peter Swift. And for
those who weren't here yesterday, | am at Sandia

Nati onal Laboratories and |I'm also a nmanager w thin
Bechtel SAIC of the performance assessnent strategy
and scope group within which the TSPA is perforned.

|'"mgoing to try to followthe -- try to
cover the specific items on the agenda for this
session. May | have the next slide, please?

(Sl'ide change.)

MR SWFT: So in particular here, 1I'm

going to start off with the overall results of the
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nom nal performance scenari o. And go through the
total dose and t he maj or contri butors through tinme and
a chronol ogy of selected events. These are -- it's
not a conprehensive chronol ogy of everything in the
per f ormance assessnent. That woul d be too nmuch, but
events, | think, are probably of interest to this
group and then |I'Il trace neptunium and Techneti um
t hr ough t he system conponent by conponent andthisis
an inportant point here.

There are addi tional results inthe backup
present ati on. |"m not sure what slide nunber the
backups start on, around 20 or so. A lot of backups
here. The backup slides are a presentation | nade to
t he Techni cal ReviewBoard i n January for those of you
who saw that they are -- there's been m nor wording
changes, not thoughts have been changed si nce then.

There's a lot of information in those
backups that I'mnot going to be able to have tine to
go through here, but in particular, sone of those
backups may be interesting for conparison to some
results TimMCartin will be showing |ater on.

In the interest of tine, |I'm going to
stick to what's in the main part of the talk.

Everything I' mshowi ng here are -- they're

call ed draft exanples here of draft in the sense of
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t hese are not our license application results. These
are prelimnary results, but they are, all of themare
taken from existing analyses that are avail able.
Everything is shown as a nean val ue except the next
slide. Everything else is sinply the mean of 300
realizations, so you do not see the full display of
uncertainty. It is there for every one of those
analyses and it would just sinply be too tine
consum ng to showit for this nmeeting. You'll seein
the next slide what | nean by that.

The | i st there, the docunents, againthere
should be a list of references at the end and at the
bottom a di sclai ner here. We do not have nodels,
certainly therefore not results yet for the LA work.

Next slide, please?

(Slide change.)

MR SWFT: Al right, this is nom nal
performance, no REMs per year, dose and net access, a
log time scale from 10 to a mllion years and this
happens to be from our nost recent configuration of
the nodel, the one we used in the so-called one-on
anal ysi s that | have been presenting si nce Sept enber.

And this is the case 12 of that anal ysis
t hat has everything working, all the components are

turned on, so this is essentially our current best
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estimate of nom nal performance. The nmean shown in
red, | apol ogi ze to those of you with black and white
back in the audience. This is toughandit's goingto
get tougher. | apologize for that. | thought we'd
have col or

The 95th in black and medi an in bl ue and
a 50th percentile also in black there.

DR. GARRICK: Peter, can you just quickly
tell us the principle of changes in these results from
previous results?

MR. SWFT: Sure. You will see al nbst no
changes between this and results since the sumer of
2001, i.e., the so-called SSPA, the Supplenenta
Sci ence and Per f or mance Anal yses and t he anal yses used
to support final environnental i npact statenment. This
| ooks very nmuch simlar. 1'Il explain-- well, 1"l
explain it right now

In this particular run here, we have one
early waste package failure forced to occur in every
realization. As Bob Andrews nentioned earlier
yest erday, our data base on i ndustry surveys suggests
| ess than one per realization, but in order to get a
reasonabl e sanpling here, we forced one in each one.

So the doses in this period here are due

to those early failures due to weld flaws and they're
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sinply hi gher than we woul d have seen a year ago.

Now t he other major differences that you
ask about here, back in 2000 for the site
reconmendat i on performance assessnent, we had a node
that had no early failures. There were no doses at
all for nom nal performance before 10, 000 years and we
had a nodel which showed earlier waste package failure
and a higher peak dose. So that nean curve | ooked
nore like that. And that will be famliar from --
well, fromw nter of 2001

Further work in the spring of 2001
suggested that that was an overly conservative
approach to corrosion. We produced a nodel that
showed a nmuch | onger package |ife and had a curve t hat
| ooked rmuch i ke this but without even slower out in
t here. That would have been the SSPA, the
Suppl emental Science Performance Analyses of the
sunmer of 2001

On further thought, we deci ded we wer e not
prepared to defend t he t enper at ur e- dependent corrosi on
nodel in that, so we allowed corrosion to proceed at
its higher tenperature rate t hroughout the sinulation
and t hat pushed wast e package fail ures back fromabout
this time here, back to their current nean tine of

failure of 400,000 years.
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13
Peak dose fromback i n 2000, 2001, was at

sonewhat hi gher, includi ng secondary m neral phasesin
our neptunium solubility limt nodel, pushed the
nept uni um doses at later times down sonme and that
accounted for slight lowering up here.

| apologize, | don't have a slide that
shows those earlier results. 1Is that what you were
| ooking for?

DR GARRI CK:  Yes.

DR. EW NG One other, just for
information, so there's a drip shield in this system
as well?

MR SWFT: Yes. And there was a drip
shieldinall thoseresults | just tal ked about. Yes.

DR. GARRI CK: Can you pi npoi nt the change
in the corrosion nodel that affected the dose between
10, 000 and 100, 000 years the nost?

MR SWFT: [|I'mgoing to ask Bob Andrews
to answer that one.

Bob?

This is between the TSPA-SR when we had
failures occurring say 30,000, 50,000 years and
present where failures were occurring around 100, 000.

DR GARRICK: The reason for this is that

range, the best estinmate dose is reduced by many
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orders of magnitude and it's not --

MR SWFT: During that time period.

DR. GARRI CK: Yes, duringthat tine frane.

MR. ANDREWS: Just to clarify, it was the
t enper at ur e dependency t hat we based on the corrosion
rate between -- during the sutmmer of 2001. There was
sone di scussion about that |ate yesterday about the
techni cal bases for that tenperature dependency. W
felt that it m ght be noise, mght be real, m ght be
noi se. It was an arhenius type relationship that was
used. And we took t he tenperature dependency back out
in these cal cul ations.

MR. SWFT: That noved t he mai n sl ope from
about here that way. | think John is asking about
what noved it from TSPA-SR to the right.

MR.  ANDREWS: | tal ked about that
yest er day. It was the stress corrosion cracking
representation and the 20 percent of yield strength
versus 80 percent of yield strength on the stress
cracks.

DR. GARRICK: kay, all right. So that's
where nost of it cane from

DR EWNG A follow up question and not
such a sinple one. I look at this as kind of a

br eakt hrough curve. You know, when does material --

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

15

MR SWFT: [I'Il actually show sone--

DR. EW NG Looking at this, have you
t hought about if instead of the repository, you were
| ooking at a uranium deposit, do you think that a
urani umdeposit, sim | ar geology withinafewthousand
years you could see it at 18 kil oneters?

You don't have to have the answer, but
it's sonething to think about, just to see whether
this seens reasonabl e.

CHAI RVAN HORNBERCER: Aren't all those
urani um mines transient?

(Laughter.)

MR, SW FT: Yes. You're imagining a
urani um deposit w thout waste packages around it.

DR. EWNG Right, right, just transport.
| mean that's pretty fast to nove anything.

MR SWFT: Sure.

DR. EWNG And | just wonder whether --

MR SWFT: Yes.

MR. ANDREWS: Let netry, Rod. Thisisn't
urani um This is lodine and Technetium dom nantly
that are driving the advective transport and --

MR SWFT: It's Technetium |'mcone to
t hat .

MR. ANDREWS: And al so neptunium soit's
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not urani um br eakt hrough curve we're | ooking at.

DR EWNG \Well, neptunium uranium --

MR. ANDREWS: There are differences.

DR EWNG -- Technetium use arsenic
They' re pol yval ent so | mean just to -- when everyone
| ooks at this, as John says, well what critical
paranet er did you change to shift it, but I amasking
nysel f does it match general experience?

That's a very i nportant question, | think.

MR. SWFT: Bob, let ne comment on that.
These are -- you'll see in a mnute here that these
are very small nunbers and the early period here is
dom nated by Technetium and not by neptunium and
menbers of that decay chain.

There are snmall concentrations getting
t hr ough.

DR EW NG Now the concentrations, |
don't focus onit. It's just the speed at which any
el enent noves through the subsurface is alittle bit
sur pri si ng.

MR. SWFT: kay, |et ne keep going here.

DR EWNG |[|'msorry.

DR, BULLEN: Dan Bul | en, NWRB. Qui ck
qguestion, Peter. You nentioned that you took out the

t enper at ure dependenci es and you went with the high
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tenperature corrosion rates or what? Actually, which
corrosion rate did you go with is the question

MR. SWFT: We assuned that the -- it was
t he hi gher one is the answer to your question. As the
repository cools in our SSPA nodel we allowed
corrosion rates to slow after 2,000 years or so. In
this nodel they don't. They remain at that sonewhat
hi gher rate. It's not a huge change.

DR. BULLEN. Thank you.

MR. SWFT: Next slide, please.

(Sl'ide change.)

MR SWFT: |[|'ve got three slides here.
This is the -- the other tw are just for your
information. This is the one | want to focus on on
t he screen.

Thisistheinventoryinthe system It's
a slide we don't show very often, but | think it's a
useful one.

Total curies onthis axis and | og time on
t hat one. This is not necessarily the tota
inventory. This is the inventory that we nodel. So
the very short lived, very high radioactivity things
are not included in here.

This is the inventory that matters for

| ong termperformance and what |'ve shown on the first
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of these three slides are the species that are cl osest
tothetotal, the ones that dom nate the total through
time, plus two others, Technetium and neptuniumin
bl ue and green which nost of the repository history
are not the I argest single contributors to the total,
but they are inportant dose contributors.

So what you see here at early tine, cesium
and strontium came off very quickly. This plot has
no transport, no retardation. |nmagine that the waste
just sat exactly in one place for a mllion years.
This is what its activity would | ook Iike. Those
these are just the K curves and in growth curves.

Anericium 241, it's a hugely inportant
pl ayer. At athousand years, it is essentially all of
the total inventory.

Pl ut oni um 239, a dom nant contri buti on out
at near 100, 000 years. Pl ut oni um 240. One of the
i mportant points of thisis that none of those species
| just nentioned, the ones that dom nate the total
show up as maj or contributors to dose. The systemis
effectively renoving the dom nant contributors to
activity.

And you can cone back to this or say this
is a reference slide that -- it puts things in

per spective when we see what it is that we're counting
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t he dose on conpared to what it is that the systemis
cont ai ni ng.

Next slide.

(Slide change.)

MR. SWFT: This just shows ot her species
here. Note that we do have i ngrowth occurring. That
woul d be Lead-210 com ng off from Thorium 230.

Next slide, please.

(Sl'ide change.)

MR. SWFT: Yes, there's Thorium 230 and
I ridium226 ingrowth al so.

Al'l right, with that shown, now let ne
show you what contributes to the dose.

Next sl i de.

(Slide change.)

This one | truly apol ogi ze to t hose peopl e
who have bl ack and white. That's hopeless. | thought
we' d have col or there.

Al right, the inportant things to see
here are this curve here which | believe is brown, if
nmy eyes are doing okay. And Technetium 99 in pink.
There i s Techneti um 99 t hr ough 40, 000 t o 50, 000 years
Technetium99 is a total dose curve essentially.
That's a logarithm c scale. The other things are

much, mnuch small er.
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After about 100,000 years, total dose
curve is very close to Neptunium 237. Those are the
t hings driving the dose. There are a bunch of other
things that pop in here in between, but if we take
that apart you'll see that both Technetium and
Neptunium are pretty inportant on through there.

O her things worth noting here, the
Carbon-14 shown in red there. That is essentially an
artifact of our having chosen to nodel Carbon-14 as if
it were nonreactive inground water. W don't believe
it isnonreactive. W believeit will be very active.

DR. GARRI CK: Yes, so why do you do that?

MR SWFT: Simplicity. Wen we first
made t hat assunption, we did not -- renmenber, in the
long tinme scale, it's relatively short lived. W did
not think we'd be worrying about it. And nowit's
popping up in our plots early tine.

It would be costly to devel op a reactive

transport nodel for carbon in ground water. Ve
haven't done it. W do not believe that -- we do not
believe that's a realistic curve. It is surely an

upper bound on the contribution of carbon to ground
wat er dose.
DR, MORGENSTEI N: If the nmountain is

breat hi ng, have you | ooked at C-14 relative to this
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gas phase?

MR. SWFT: You nean as a gas phase? Yes.
W have.

And the contribution of that to an
i ndi vi dual dose at 18 kilonetersistrivial. Dilution
and dispersion in air is enornous.

W have actual |y | ooked at the possibility
of all the Carbon-14 could have gone into the air
phase as well. W're not going to double count it
bot h ways, but we | ooked at that possibility and this
istheway it gets to alarger dose, put it all in the
wat er .

DR. RYAN. Question. One of the inportant
parts to ne of this graph is the Y axis and for
Car bon- 14, for exanple, whenthe major contributionis
a maxi nrum of some are around 10° nmillirem per year
which is trivial, and you' ve nmade a conservative
assunption that it's all reactive -- I"'msorry, it's
all nonreactive --

MR SWFT: Like Technetium or |odine.

DR. RYAN. To ne, that puts the question
about Carbon-14 to bed.

| nmean its contribution is so far bel ow
the radar screen that it seens like it should be

brought to closure.
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CHAI RVAN HORNBERGER:  Why do the | odine

doses, why aren't they higher earlier?

MR SWFT: Well, I"msorry, | can't -- |
don't have an answer for that. That's where they
fell. They are not being retarded in the system
They're com ng through. |It's the relative abundance

of lodine and Technetiumis what we're seeing here.

DR. BULLEN: Peter Bullen here. It's only
one package, that's why they're not higher

MR SWFT: Yes, thank you.

DR. BULLEN. It's only one package.

MR,  SWFT: Yes, one package per
realization until you get out here until you start to
see it clinbing steeply is all we're saying.

Until the drip shields fail, this is
entirely diffusive transport com ng up.

(Sl'ide change.)

MR. SWFT: The next slide, this is just
there for conpl eteness. W' ve reproduced the key
speci es of Neptuniumand Technetiumon this and shown
the rest of the inventory. W' ve al so reproduced
lodine in that state. That is sinply there for
conpl et eness. | f sonebody wants to find out where
their favorite radi onuclide went, it should be on one

of these two plots.
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DR. GARRICK: Was the solubility sanples

on this cal cul ated?

MR SWFT: Yes, yes.

DR GARRI CK: For Neptuniun?

MR. SWFT: Yes, for Neptunium yes. No,
|'m sorry. That's a bit of a msstatenent. It is
actual ly cal cul ated dependent on primarily pH, but
al so tenperature within the -- it is not actually a
sanpl ed i nput paranmeter. It's a cal cul ated one, but
it has a fairly broad uncertainty range on it.

DR. EWNG So when you calculate it you

assuned that it's NP-205?

MR SW FT: |"m not the person to talk
about a solubility nodel, but we'll probably cone back
to that and | can show you at |east -- you can skip

ahead and look at it. The very last figure in that
handout has our cal cul at ed Nept uni umsol ubility curve.

DR EWNG Al right, thank you.

MR. SWFT: So you can go ahead and take
a | ook at those.

Next sl i de.

(Sl'ide change.)

MR, SWFT: All right, this is the
chronol ogy that the agenda asks for. | think thisis

my cut of what | think would be useful stuff to know
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about . Many of these things you can actually see
their inmpact. Some of these things you can see their
i mpact in dose curves, others you can't.

The cl i mate changes. At 600 years, we go
fromour present clinmate to a nonsoonal clinmate. That
does show up in some of the plots, particularly the
backups. At 2000 years, we go from a nonsoonal
climate to a glacial transition. At 38,000 years, we
have the first full glacial climte. That spi ke shows
up very promnently on all the dose plots, so if you
want to know where 38,000 years is in a log plot you
can look for it in adose plot. There's alittle step
inthe dose which corresponds to that water tablerise
t hat boosts -- stuck in the UZ or the SZ.

Temperatures. And all of these results
here, well, yes, the results, observations, are nade
with respect to the 2001 Supplenental Science
Performance Analyses. That's the one where we had
high and | ow tenperature. There's one exception on
t he next page.

So the peak package surface tenperature
for the high tenperature operating node, 160 degrees
C., lowtenperature operating node whi ch had a | onger
ventilation period, it was below boiling at 84

degr ees.
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The tinme for the high tenperature
operating node at which tenperatures fell below
boi li ng on t he wast e package surface for CSNF, thisis
all actually for CSNF, conmerci al spent nucl ear fuel.
Seven hundred years on the package surface, it falls
bel ow boiling and at the drift wall at 600 years. And
keep in mnd that for the | ow tenperature operating
node it was never above boiling at either of those
| ocati ons.

Next slide, please.

(Sl'ide change.)

MR SWFT: Drip shield failures. The
first failures by corrosion occurred about 28,000
years and about half of the realizations showed drip
shield failure by 100, 000 years. And Mark can correct
me on this if I"'mwong, but | believe that once the
drip shield started to fail, they went quite quickly
and they would all go.

The early failures here for t he
Suppl ement al Sci ence Performance Anal yses and for the
final environnental inpact statement analyses, we
assumed t here woul d be one or two packages failing in
each reali zati on of the system There was actually --
Bob Andrews said we could expect a nunber of .26

packages. That's correct. On a per realization basis
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that gives you a probability of .23 that any one
realization woul d have either one or two failures in
it.

I norder to get better statistics onthose
early releases in subsequent work we've just gone
ahead and forced one package to fail per realization.

We will for the license application, we
wi || once again use sone sort of data base assunption
about waste package failure, | believe.

Wast e package fail ure by general corrosion
for the SSPA high tenperature, the first failure is
about 110,000 years and 40 percent of the packages
were still intact in a mllion years.

DR. LATANI SION: Peter, just a point of
clarification. That is based on uniform corrosion
rates measured at tenperatures in what range?

We did talk about this a bit yesterday.

MR. SWFT: And Bob Andrews gave you an
answer yesterday that -- Bob, the tenperature range at
whi ch the general corrosion data was coll ected was?

D d people hear that answer? | didn't.

Bob, can you -- did you hear it?

CHAl RVAN HORNBERGER: It's the reporter
who has to hear it.

MR, SW FT: Sonmebody else say it. I
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didn't hear it, that's all.

DR. EWNG Twenty five degrees C.

DR.  LATANI SI ON: Thank you. And then
what, it's extrapolated to | ook at tenperatures over
t he range of above boiling for sone extended period?

MR. SWFT: Yes, the tenperatures that |
just discussed in the previous slide. Yes.

DR. MORGENSTEI N: Peter, this is in a
chem stry base that's essentially a saturated zone?

MR. SWFT: This is based on the evol ved
wat er chemi stry froma thermal hydrol ogy nodel. This
is not --

DR. MORGENSTEIN: Right, we're starting
t he saturated zone waters.

MR SWFT: Yes.

DR. MORGENSTEI N: So essentially you have
the repository in the saturated zone?

MR SWFT: No.

DR. MORGENSTEIN. Chemcally?

MR SWFT: No, because water wouldn't --
if there were unlimted supplies of saturated water,
it would evolve quitedifferentlyinthermal hydrol ogy
nodel . W have small anmounts of water which do
concentrate very nuch in our thermal evol ution nodel .

DR. BULLEN: Bul | en, NWI'RB. \%Y%
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interpretation was was that there wasn't an
extrapol ati on of those rates beyond 95. It was if it
was above 95, it didn't corrode at all. |Is that --
Bob, do you want to comrent on that one?

MR.  ANDREWS: Yes, the initiation of
agueous corrosion was assumed to occur at the point
where the npbst deliquescent salt was on packaged
surface. | believe -- I'"m not sure which salt was
assuned, but that was generally at arelative humdity
of about 40 percent and |I'd have to verify that to be
honest with you.

So once you hit the relative humdity of
40 percent and then you'd have to conpute the
tenperature does occur at, then it was assumed that
hum d ai r/ aqueous corrosi on processes could initiate
and their rates woul d be those sanpl ed rates over the
entire distribution of possible rates which are over
a range of different chem stries. They were not
saturated zone chem stries that were sanpled in from
the laboratory testing of weight |oss and other
corrosion rates, for the general corrosion rates.

The initiationcriteriawas humdity, not
t enper at ur e.

DR, BULLEN: Bul I en, Technical Review

Boar d. There were no |l ocalized corrosion nodels in
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that. It was all general corrosion?

MR. ANDREWS: No, as | sai d yesterday, and
maybe | shoul d be back up there because we did talk
about this yesterday. The |ocalized corrosion nodel
is in the general degradation nodel for the waste
package and the drip shield. However, the chem ca
envi ronnents on the package and the drip shield were

such and the tenperature were such that it was never

i nitiated.

DR. BULLEN. Ckay.

MR.  ANDREWS: There is a localized
corrosion nodel. It was just never initiated.

MR. SWFT: It was not an assunption there
was no | ocalized corrosion. It was a nodel of result

that there was no | ocalized corrosion.

MR. ESH. This is Dave Esh, NRC. And it
was sodiumnitrate salt at 120 degrees C. | believe.

DR. PAYER: [|'Il1l just make t he observati on
t hat when we say general corrosion in the way it's
bei ng handl ed here, it's the passive, the material in
t he passive state, its corrosion rate and t here have
been a coupl e of approaches to determ ni ng what t hat
iS. One is looking at the current density on
el ect rochem cal pol ari zati on measurenents and t urni ng

that into a penetration rate. And also weight |oss
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and ot her spectroscopies trying to neasure very snal
penetration rates with m croscopy and so forth out of
long term | onger termwei ght | oss type speci nens. So
that's, | think, where the basis of this cones from
It's really the passive corrosionrate, yet passivity
remai ns stabl e.

DR. LATANI SION: Latanision. | agreew th
that, John. M concernis that if we're working above
the boiling point, then the question becones what
sorts of solutions are we using as their
representative environment. And obviously, they'd
have to be concentrated because we're not pressuring
the system | don't think there are nmeasurenents of
passive current densities under those circunstances.
So | think the data that exists is -- unless |I'm
really unaware of data that exists, | think those
experiments really haven't been done.

DR. PAYER: My understandingis sone tests
have been -- | mean there's some crevice corrosion
results and that up to 120, 130 centineters, but that
there would be passivity, pol ari zation curve
nmeasurenments there. | thinkthey'reinthelongterm
but again, | don't know the full inventory of data
ei ther, but there's been sone el ectrochem cal tests up

t her e.
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MR. SWFT: The last points here that the

transport tines in the natural system |'mnot going
to describe themhere in words. You can see themon
sonme slides I'"'mgoing to showin a mnute. You can
infer themanyway and in the backups are some act ual
br eakt hrough -- rmean breakthrough curves for the
unsaturated zone and a whole distribution of 100
breakt hrough curves for the saturated zone. It's
upcom ng.

Can | have the next slide, here?

(Sl'ide change.)

MR SWFT: Al right, I'mnow going to
wal k through Technetium and Neptunium transport
t hrough the nopdul es suggested here on the agenda
which, in our world of the barriers that we're going
to tal k about, obviously we don't have radionuclide
transport in the overlying barriers in the
infiltration barrier or the unsaturated zone above or
inthe drip shield. So the radionuclide transport of
interest here that |I'mgoing to wal k through woul d be
fromthe waste formwhich in this case |I'mgoing to
show -- will include the claddi ng; the waste package,
the invert, the unsaturated zone below and the
saturated zone.

Next slide, please.
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(Sl'ide change.)

MR. SWFT: All right, this plot here, one
of those nodel result plots we don't usually show.
But there are reasons why it's sonetinmes confusingto
showthings inthis way, but thisis arelease rate of
curies per years. This is not dose and it's not mass
either which is inportant to keep in mnd. Over a
mllion years and again, | apol ogize for the col or on
this, but if you work your way down the | eft hand si de
of the figure, they're in the sane order they are
t here.

So this is the activity flux curies
| eavi ng each nodel conponent. These are the Gol dSi m
nodel cells that we're tal king about here for the
waste formin the upper curve for the waste package,
the invert, the unsaturated zone and the saturated
zone which are very close together there, those two.

And the first thing you see here, what are
we | ooking for? Thisis the total that's really here
for reference and |' mgoi ng to showthe Techneti umand
Neptuniumin the next few slides. But overall, you
can see that thereis, for exanple, roughly a thousand
year del ay here beforeit's created by t he unsat urat ed
zone below. There's relatively little effect here

fromthe saturated zone. That's because everything
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that is effectively retarded by the saturated zone has
also already been effectively retarded by the
unsaturated zone as nodeled. So if you put themin
t he nodel, you see very little difference when you add
in the saturated zone.

That does not nmean the saturated zone
isn't doing anything. If the unsaturated zone weren't
there, you would still see the saturated zone curve
about where it is.

Al right, keep this one in mnd and if
you have questions, | can explain that. Let's goto
t he next one here.

DR. LEVENSON. Before you | eave that one,
| understand the term |eaving the waste form and
| eavi ng t he wast e package and | eaving the i nvert, but
do you really nean | eaving the saturated zone? Were
does it go?

MR SWFT: It enters the punping well.
Thi s goes back to our 3,000 acre feet di scussion from
yest er day. The radionuclides, all activity in the
saturated zone is placed into a 3,000 acre feet for
t he purpose of nodeling.

Al'l right, next slide here.

(Sl'ide change.)

MR SWFT: Here we see Technetium
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transport. So if you wanted to see what the
Technetium where the Technetiumis in the system at
any giventime, thisisit. And what you can see then
is that -- and keep in mnd, this is again a nom nal
performance, so out until sonewhere about here we're
seeing rel eases fromthose early failures and that's
one package per realization and until about in here
sonewhere we are in an entirely diffusive environnent
so things are being driven by the concentration
gr adi ent s.

So we see the effect here of Technetium
noving fromthe waste formto t he wast e package to the
invert going across there. That's plausible and
acceptable to seeit. W're getting nore there than
we were back over there.

And what we see is that the -- at later
times the Technetium was noving quite effectively
t hrough the system

Next slide, please?

(Sl'ide change.)

MR SWFT: The Neptunium transport
t hrough the system again, waste package -- sorry,
waste form waste package, invert, unsaturated zone,
saturated zone.

There is a -- on the waste package curve
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here before soneone asks nme about it, 1'Il call
attentiontoit. It sure caught our eye when we first
saw it. There's discontinuity inthe plot. This is
not a plotting error and this reflects -- it's a real
nodel result, whether it's a real physical result, we
can all be the judge of that. Well, not unless we
actual ly have the real system

The first thing | want to poi nt out there,
these are very small nunbers. We're talking
pi cocuries here out of the entire inventory of the
repository.

VWhat's happening in here is recall we're
in an environnent that is entirely diffusion driven
and we are using calculated solubility limts, not
sanpl ed ones. We actually have back diffusion
occurring here. W have a very snmall diffusion of
Neptunium from the invert into the waste package
occurring in a handful of realizations inthe nodel in
this case.

What ' s happened in the nodel isthat -- if
| could goto the very last slide in the packet, it's
t he | ast backup, nunber 41.

(Sl'ide change.)

MR,  SW FT: This is our Neptunium

solubility limts function of tenperature and pH.
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These are as cal cul ated i n the nodel. What's happened
here is that -- you see there's primarily a pH
function. Neptuniumbecones consi derably | ess sol ubl e
around a neutral pH and nmany orders of nagnitude
change in the solubility limt. You go away from
roughly neutral.

In a handful of realizations, we have a
sufficient effect at 625 years. 1t's describedinthe
previous fewslides inthe packet in sone detail. The
pH cl i nbs fromsonmewhere around 3 t o somewher e ar ound
7, 625 years corresponding to consunption of iron
wi thin the package, in other words, one package has
failed here.

As the pH clinbs, the solubility limt
wi thin the package drops, however, the pH outside in
the invert is not controlled by the in package
chem stry. It's sonewhere out inthis range here. So
t he sol ubility outside the package i s actual |y hi gher
than that. In the package, the concentrations in the
package fall and you actually get, as nodel ed, a very
slight diffusion, very small nunmbers back into the
package for a fewhundred years and a fewrealizations
and that's what created that effect in the nodel.

DR. EWNG Peter, what if you have the

wong phase for your solubility correction? O
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solubility cal cul ati on?

MR SWFT: Yes?

DR. EWNG Howdifferent result woul d you
get ?

MR. SWFT. The --

DR. EWNG Al nost certainly, is this the
Np- 2057?

MR SWFT: vyes.

DR. EWNG Alnpst certainly that's the
wrong phase.

MR, SW FT: Rod, you know |I'm not the
solubility chem st on this. ["m inplementing the
solubilities that 1've got.

DR EWNG Right.

MR.  SW FT: And from ny perspective,
you're going to counter this, but I'm concerned
primarily about the concentrations in solution, not
about the chem stry of the solid phases.

What | want to know is --

DR EWNG Well, wait a mnute.

MR SWFT: |Is our distribution --

DR.  EW NG Solubility doesn't nean
concentration. Solubility is with respect toa solid
phase.

MR. SWFT:. Sure, right.
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DR EWNG Soif you have the wong solid

phase, the solubility will be wong.

MR SWFT: What | want to know from ny
perspective as a systens person, are the solubilities
that I'm -- are the concentrations that |'m
transporting, there's adistribution of solubility of
concentrations that |I'm transporting, do those
reasonably capture uncertainty associated with the
uncertainty inthe actual chem stry of di ssol uti on and
precipitation wi th what ever solid phases are present.
And |I'm not the geochem st on that.

DR. EWNG But is there someone who could
address that question and say well, we've used this
and this is conservative relative to the ot her phases
and that co-precipitation will give you a |ower
concentration anyway? |s the discussion --

MR. SWFT: Yes, the project clearly has
a team of geochem sts working on this. They're not
her e.

DR. EWNG R ght. kay.

DR GARRICK: \Where does the Neptunium
solubility data come fronf?

MR SWFT: Bob, do you want to answer
t hat one?

MR.  ANDREWS: There's a w de range of
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| aboratory data. There's Los Al anps | aboratory data
on Neptunium in some controlling phases. There's
Argonne dat a.

DR GARRICK: So this does reflect the
Argonne data?

VR, ANDREWSG: In different controlling
phases, these are not controlled for these results by
the Np-205 as we tal ked about yesterday. W showed
simlar plot yesterday and showed t he Np- 205, if that
were the controlling phase on there.

And I'd like to anplify on Peter's
statement, | think. Wth the uncertainty in the
control ling phase, as represented by the uncertainty
in the solubility is addressed, is there additiona
uncertainty that needs to be eval uated? That's what
we're still looking at. So we have to accommopdat e
that uncertainty in the controlling phase as it
affects the uncertainty in the solubility and the
uncertainty in transport, using the risk-inforned
regul ation. I know this is not conpliance-based
di scussion in here, but we are concerned about the
conpliance aspects of this and neeting the
expectations of the WRP.

DR EW NG Let nme just comment to

enphasi ze how great the uncertainty is. It's very
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i nportant to know what the controlling phase is and
t he mechani sm by whi ch radionuclide is retai ned and
the sinple way to do it and it's the way many peopl e
do it is based on thernodynam c paraneters, do a | og-
| og pl ot we've seen before and see what the stability
fields are for different phases. And keep in mnd for
t he urani umoxyhyroxi des and silicates there are tens
t o hundreds of phases that one m ght inmagi ne form ng

| f you take the thernodynam c paraneters
and you just vary them by |less than one percent, a
kilojoule, let's say, and you do these | og-10g plots,
the stability fields shift greatly because it's an
exponential relation. And so it's very difficult to
be sure of what the controlling phaseis. And | would
offer that whatever it is, it's not this. A very
i mportant part is to argue that it doesn't matter and
that's what |'m pushing for.

MR SWFT: In that regard, what we see,
what | see here is that we, in fact, have -- saw
[imts that vary with pH over about eight orders of
magni t ude here.

And we actual ly realize nmuch of that range
inthis analysis. W do have a very broad range of
uncertainty in the treatnment of Neptuniumsolubility

that ends up being propagated through the forns
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assessnent.

DR WMER  What pH do you expect?

MR SWFT: It varies fromnodel cell to
nodel cell.

DR WMER: At this particular point in
the system what --

MR.  SW FT: This could be applied in
several different places, but wthin the waste
package, we expect pHto range fromsonewhere in here
t o sonmewhere over here.

DR WMER  Somewhere from - -

MR. SWFT: Wthin the waste package, we
see that entire range of solubility.

DR. WYMER: The stuff that |eaves the
wast e package and drips into the invert, what pHis
t hat ?

MR. SWFT: Again, that varies. Tends to
be nore al kali ne over on this side of the plot here.

It's the pH in the packages that's nost
i mportant to us, because there's nore water when you
reach the invert, so even if the solubility limts
fall in the invert, in general, there's enough nore
wat er present that -- unless it's -- it does occur.
There may be precipitation in the invert, but in

general, theinvert will support the transport of nore
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mass.

DR. WMER: | woul d have said that pH as
it | eaves the waste package and goes into the invert
is the nost inportant because if it's around 3 or 4,
then it will react with the iron and you'll get a
reducti on of the Neptunium

MR, SWFT: Yes. The volume of water
com ng out of the package is small conpared to the
volume of water entering the invert from other
sources. So we do not have all that chem stry effect
there. The invert chem stry is not dependent on the
chem stry of the water |eaving the package.

DR. GARRICK: Peter, it's obvious that
this is a very interesting area and | hate to cut it
short, but --

MR SWFT: | amactually done. If we go
back to slide, 15, ny concl usion.

(Sl'ide change.)

MR SWFT: Slide 15. That's it. Wth
that, 1'mdone. | think | have said anythi ng al ready
on this side.

DR. GARRICK: Well, | didn't nean for you
to finish in seconds.

(Laughter.)

| was going to give you a few m nutes.
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MR SWFT: | can read the slide.
(Laughter.)
| appreciate the thought. The points here
onthis slide, we've heard this before. Technetium 99

and at early times prior todrip shield failure, it's
all diffusion in our nodel.

Later times, advective transport becones
i mportant and Neptunium 237 is the nost inportant
contri butor.

Nept unium 237 also does release, by
diffusion, in early times, but the concentration of
gradient is not as steep as it is for Technetium
because the solubility limts are | owner.

And after the waste packages have fail ed,
basically total dose is Neptunium

At this point here, | said this right at
t he very begi nning, the things that actually dom nate
the inventory, the strontium the Cesium 137,
Anmeri ci um 241, Pl utoni um 238, 239, are not significant
contributors because retardationinthe natural system
prevents their rel ease while their inventory is high.

The | ong-1ived Pl utoni uns are effectively
retarded in the natural system That's it.

DR. GARRICK: Thank you. There may be

time for one or two questions beyond what we have
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asked or are we in good enough shape to nove al ong?

MR. SW FT: | have one nore point. I
encour age people to thunmb through those backups and
"1l be here the rest of the day and | can field
guestions on those al so.

DR. GARRI CK: Very good, thank you. GCkay,
now we're going to hear from the NRC side, Tim
McCartin.

Tim since we haven't heard fromyou, 1'd
appreciate it if you'd tell us who you are and what
you do, even though we know.

MR, MCARTI N: Good nor ni ng. ["m Tim
McCartinwith the NRCStaff. |'ma Senior Advisor for
Performance Assessnent in the Division of Wste
Management and |'ve al so worked on the regul ati ons,
part 63.

And | guess as a bit of an introduction,
the work I'm presenting today is a little bit
di fferent, but very conplenentary to what Peter Swift
has presented. It's a work in progress that the
Conmittee is aware of. 1've talked to this a couple
of tinmes already to the Commttee, but for others,
we're in the process of developing additional
capability within the Division to assist us in risk-

informng our review of a potential i cense
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application and when | speak of risk-informng, |'m
t al ked about that we have an under standi ng of howthe
conponents of the repository functioninrelationship
to a potential exposure or consequence.

And | guess as Andy Canpbell indicated
yest erday, we' ve been doi ng performance assessnent at
NRC f or approxi mately 20 years and | think we' ve spent
alot of time devel opi ng our nodel s, under st andi ng how
t hey function, etcetera.

We have not done as good a job being able
to transmt that understanding to other people, both
NRC Staff, the ACNW technical experts, etcetera and
| know yesterday there was talking of a sinplified
nodel and | conpletely agree in the concept of we need
to be able to explain this systembetter to technical
experts, to stakeholders, to the staff, so they
under st and howt he systemi s working and all owt hemto
then go back and |ook at that behavior of the
repository and decide for thenselves whether they
agree or disagree and why. And | recall -- 1'll go
back when we first started having public neetings in
Nevada on the proposed Part 63, | renmenber getting
asked a question and | thought | gave a fairly good
technical answer that certainly all ny PA buddies

woul d under st and, but the response was | don't believe
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you and | don't think it was an unfair retort back
t hat we haven't done a good job in explaining things
so ot hers can under st and.

And what |'m hoping to present today is
some of the anal yses, sone of the cal cul ations that
we're going to do in preparation of receiving the
appl i cati on and hel pi ng our prelicensinginteractions
wi th DOE, but al so once we get the application, to do
t hese cal cul ations to provide risk-informationtothe
staff to help us focus our review on the nore safety
rel evant factors.

And with that, let nme go to the next
slide.

(Sl'ide change.)

MR M CARTI N: And today, |I'm going to
just talk briefly to the current results as we see
themw th our TPA code. Then I'll talk about really
the bulk of ny talk is the performance attri butes and
anal yses that we've done to try to understand those
results, make those results nore transparent and then
finally, I"ll sunmarize with what | believe fromt hat
anal ysis, sone of the risk information, the risk
insights that we could derive fromthose anal yses.

Next sli de.

(Sl'ide change.)
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VR. Mc CARTI N: Current performance

assessnments and here |I'mtal ki ng nom nal performance
so I"mnot | ooking at disruptive events |ike igneous
activity, nerely the ground water rel eases.

Dose wthin the 10,000 vyears are
i nfluenced by very nobil e radi onuclides, principally
| odi ne, Technetium Beyond 10, 000 years, influenced
by Nept uni um primarily a  sonewhat nobi | e
radi onuclide. But a few questions, what about the
rest of the waste inventory?

Next sl i de.

(Sl'ide change.)

MR. McCARTIN:  Somewhat consistent with
what you saw with Peter's slides, today | wll be
focusing on five particul ar radi onucl i des, Techneti um
and | odi ne, principally because those are t he nucli des
that we see showing up in the 10,000 year period,
Nept unium somewhat a little bit later; but also
Anericium 241 and Pl utonium 240, two nuclides that
have a very large inventory. If you look at the
i nventory of a thousand years by curies, clearly, the
Anericium and Plutonium account for nore than 50
percent of the inventory by curies.

I nt erestingly enough, you see Technetium

and lodine are relatively a small portion of the
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i nventory. In addition, if | look at the dose
conversion factors, how significant are these curies
and nost of the radionuclides fall into a dose
conversion on the order of 10° and that's rens per
year per curie per cubic nmeter in the water. But you
can see, Technetium has a relatively |ow dose
conversion factor and lodine also, alittle bit | ower.
So if we |looked at a -- if we did a health risk, you
can see these curies actually woul d get wei ghted | ess
because their dose conversion factorsis less thanthe
ot her radi onucli des.

Just a perspective on the inventory and
next slide.

(Slide change.).

VR. Mc CARTI N: Understanding the
per f ormance assessnent. What does and does not cause
those potential exposures? And | think it's very
important. W certainly are aware that |odine and
Technetium arrive very quickly, but it's also
i ncumbent upon in our review, there's a host of other
radi onucl i des, sone of which never make it. Well, why
is that the case? Do they decay away? Are they held
up in the source tern? Are they delayed in the
geol ogi c barrier? That's part of the understandi ng of

t he conponents of the repository systemand | know Rod
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Ewi ng brought up how do you understand the different
barriers and their contributions?

Hopeful ly, the analysis "Il wal k t hrough
is awy to try to understand what the function and
role of the different parts of the systemand part of
it is related to nuclides that never cause an
exposure.

It is very -- part of the problem
although as | said, for years we would come out and
show dose curves and try to explainlittle wiggles in
t he dose curves and step changes in the dose curves.
It's very difficult. There's different nuclides
occurring with different behaviors. There's a
tenperature dependence that also inposes a tine
sensitivity, because obviously the tenperature is
decreasing over time. And nost inportantly, there's
certain masking effects. \When you have a nultiple
barrier system if you have conpl enentary barriers or
redundant barriers, depending on what they're doing
and when, they can mask the effect of other parts of
the system Trying to get to this -- next slide.

(Sl'ide change.)

MR. McCARTIN: What we are | ooking at are
different calculations that we can do to probe

specific aspects of the repository systemand | ook at
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not only the sensitivities within each particular
attribute, but the relationship between different
attributes, this masking effect, if you wll.

The repository system  works in
conbi nation, both the engineering and the geol ogy,
work in combination ending up with the final dose
curve that you have.

One of thethings I'Il tal k about today is
potenti al performance indicators. To ne, althoughthe
dose curve is the final result for conparison to the
regulation and it's a good neasure of health risk, it
is not very informative in explaining how the

repository works. Wen | see that oh, the repository

is--it's.2mllirem Well, |I knowit's belowthe
dose limt, but |I don't have a sense of what that
nmeans. | nean typically when we present dose curves

there's only two things that people cone away with.
The doses tend to be low, prior to 10,000 years
because none of the waste package has failed. And
that'sit. That's theonly informationthat generally
-- we mght spend a couple of days presenting
performance assessnment results. That's what people
wal k away with. There's a waste package and t he doses
are | ow because of it and that's it.

And 11l try to showthe repository system
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is far nmore conplex than that and | think what |'m
hopi ng to do i s provi de sone perspective to understand
and i nterpret the performance assessnment results, why
are we seeing those | ow doses.

Next sli de.

(Sl'ide change.)

MR. McCARTIN | will apologize. | didn't
pay strict adherence to the profile for the ACW
outline. I'mrelatively close to it and | think I
will address all the points, but | didn't adhere to
the exact titles, but I'mlooking at five particul ar
aspects of the repository system the waste package,
water flowinto the waste package, the waste form the
unsaturated zone and the saturated zone.

In terms of performance indicators, as
said, | don't want to -- you won't see a dose curve in
my presentation and | wll wuse the different
indicators that 1'd |like to think people could then
use to inform whether they believe what we're
representing or at | east take that information and go
back and see if it's consistent with their thinking
how these different parts of the system m ght work.
And a dose really, at least in ny way of thinking,
doesn't help me very nuch explain or all ow soneone to

do a side calculation as to whether they believe in
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t he behavior as we're representing it.

For the waste package Ilifetime is
obviously just years, how | ong does a waste package
last? That's a sinple performance -- it's a tine
val ue.

Water flow into the waste package and
waste formfor those two attributes, what | will use
today is how nmany waste packages are necessary to

release 15 milliremat the drift wall

Question?
DR PAYER: ["'m just thinking about it
now, so I'll rmake a comrent. Joe Payer

The waste package lifetinme certainly is
nmeasured in years for the first penetration, but the
formdistribution amount of those presentations has a
maj or i npact on what happens afterwards. |'msure you
know that, but |I'mjust --

MR. McCARTI N Yes, absolutely. Yes, yes,

yes.

And this particular aspect is a geol ogic
delay. | will do an analysis, |ook at the rel ease at
the drift wall, take the highest rel ease rate and see

how many packages would have to be failing at that
rate to get a 15 mllirem dose.

For t he unsat urat ed and sat urated zone - -
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DR. RYAN: Excuse ne, Tim Just for

conmpl eteness, 15 mllirem where? | nean is that
transported through the systemthen and then out at
the receptor --

MR MCARTIN |'massumingit'sinstantly
to the receptor.

DR RYAN: So you're actually drinking
what's coming out of the drift wall?

MR. McCARTIN. 1'musing 3,000 acre feed.

DR RYAN. Ckay, all right.

MR McCARTIN. |'mnot drinking --

DR. RYAN. | just want to be clear and |
don't nmean that as a criticism but | just want to
make sure people realize that you're stylizing that
cal cul ati on.

MR M CARTI N: Absol utely, yes. Yes.
It's an internedi ate point of the PA. [|'musing the
PA, but | have a rel ease rate com ng out at the drift
wall. | will use that release rate. | am assum ng
that it is going into 3,000 acre feet, yes.

For the unsaturated and saturated zone
transport, | ook at thetine it takes fromaninitial
rel ease into either of the zones, whatever goes in,
how | ong does it take before that anobunt conmes out.

Soif one curie goes intothe saturated zone, howl ong
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does it take one curie to conme out?

DR EWNG Tim just a question.

MR, McCARTIN:  Yes.

DR. EW NG | like this approach very
much, because it translates into things that people
can understand, but you used the phrase perfornmance
indicators. Wuld this be simlar to a safety case?

That's actually a | oaded questi on.

MR. McCARTIN. There have been so nany
definitions of what safety caseis, |'mhesitant to --

DR EW NG That goes directly to the
safety --

MR. McCARTIN: Absolutely. Yes, in the
concept that | believe that we need a thorough
under st andi ng of how the repository works and how it
m ght relate to exposures. And there are -- it is far
nore than just a dose curve. W don't see a dose
curve, oh, it's below the standard, that's it.

You need to go back and as Dr. Garrick
menti oned when he opened up, we need to peel back
t hi ngs and understand what really matters.

Next slide.

(Sl'ide change.)

MR. McCARTIN:. Wth waste package and |

wi || apol ogi ze to t he wast e package peopl e here. | am

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

55

not going to show anything with respect to the waste
package. It is the initial conponent. There are no
rel eases fromthe repository until the waste package
i s breached.

The wast e package perfornmance i s straight
forward to explain in a general sense. |It's either
breached or it's not breached. There are all ki nds of
conpl exities and technical bases behind howit m ght
| eak, whether it's through cracks, through small pits,
etcetera. Thereis alot of information behind that.
For this neeting, | did not want to try to get into
that particular aspect of the performance, but wth
respect totrying to provide a sinplified viewof the
results, until the waste package fails, nothing gets
out .

Wth our representation in the PA nodel,
we have -- once the first penetration occurs, we
assune wat er can get into the waste package. Now that
may be, depending onif it's in avery small crack or
a very small pit, that may be a conservatism but
you'll see howwe try to account for sone of the ways
t he waste package fails inlater slides. But for now,
I"d like to nove on fromthere, trying to give an
overall picture of how our code and how we night

calculate these internediate spots to give a
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per specti ve.

That's it for the waste package.

For water flowinto the waste package, |
want to | ook at a couple specific sensitivities with
respect to the way we represent it in the code
Al t hough it says water flow, | don't want to divorce
water flowfromsolubility [imts. They'rereally --
the inpact of water flow is certainly, has to be
considered in the context of the solubility limts.
You' Il see for Techneti umand | odi ne we have one nol ar
solutions. There's no variation, relatively high.
The other three radionuclides, there are solubility
[imts applied. For deep percolation, in a very
sinple way we have an initial rate of 4 to 13
mllineters per year is the initial deep percolation.
However, we do represent the variation clinmate over
time, so this wll change although not that
significantly over 10,000 years. Over 100, 000 years,
you certainly get into sonme very |l arge gl acial cycles
and it's rmuch larger. But in 10,000, or around the
order, it possibly could double.

Dave Esh talked a little bit about this
yesterday and Chris Grossman al so. Flow di version or
enhancenent. What do we do with the deep percol ation

rate? W have a representation for -- we can get nore
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water to a few packages, | ess water to nore packages.
In essence, it'samultiplyingfactor that varies from
approximately a little bit nore than 10" to 8. \Wen
it's less than 1, obviously, we're getting |ess
infiltration. Wen it's greater than, we're getting
nore infiltration.

At the highend, if | took 13 mllineters
per year, and enhancenent factor of 8 at our high end,
we get approximately 2.5 liters of water going into
t he wast e package per day.

You can see it's approximately, it's on
t he order of 10,000 tines |less than that at the | ow
end. So we have a fair anmount of variation.

The cal cul ations |I' mgoing to next show,
what |'ve done is |I've used the TPA code and sanpl ed
across the different val ues, but | amgoingto fix for
a particul ar analyses, | will either pinthings at the
hi gh or Iow value in this situation.

Next sli de.

(Sl'ide change.)

MR. M CARTI N: In this case, |'m doing

solubility limts and what |1'm showi ng here is once

again, how nmany waste packages do | need to be
rel easing at the highest rate to get 15 mllirem and
that's at the drip wall. There's no geologic
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del aying. And |' massum ng t he hi ghest rate | observe
over that 10,000 year period, that's not to say that
hi ghest rate -- it does not persist for the 10,000
years, but |'m taking the individual highest rate,
although | amusing a nean result. |'msanpling and
' mtaking the nmean rel ease rates.

Not surprisingly, youcan see that for the
Technetium and lodine, there's no variation. e
didn't change between -- it was the sane value for
both. Wat | was | guess a little surprised at.
hadn't thought about it before and that's the value in
doi ng some of these cal culations, it takes over 7,000
packages. Way 7,000? | just not only took 70,000
metric tons, 10 netric tons per package. It's not
quite that, but it's on the order of the you need nore
than the entire repository leaking to get you nore
than 15 mllirem

You can see for Neptunium there's quite
a bit nore variation and |ikew se for Anmericium and
Plutonium it is far |ess.

| alsodidthis calculationat 5,000 years
and a 1,000 years to try to get a sense of how nuch
did tenperature affect this. Qur release rates are
somewhat dependent on tenperature, just to seeif that

made a big difference. You can see there is sone
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variation. It wasn't as nuch as | thought, but you
can see 6, rather than 110. Part of this is due to
t he decay. You've got 5,000 years Americium241. Its
half |ife is 430 years, so you have part of that is
nerely due to decay. That gives you a sense of what
solubility limts are doing in terns of inpacting our
cal cul ati on.

Next sl i de.

(Sl'ide change.)

MR. MCARTIN. Interms of water flux into
t he waste package, the same kind of construct, but
here I'm |l ooking at both what is it at the |owest
flow, what is it at the highest flow into the waste
package and you see at 5,000 years, with the diversion
we had we could not get 15 milliremout of the -- at
the drift wall with the entire repository.

You can see high flow, not surprisingly.
Nept uni um And sonme of the other Americium
Pl ut oni um which are certainly solubility dependent.
They al so are dependent on t he anount of water getting
inthere. See, there's afairly big difference. Al
the repository versus one package. So there's a
fairly large sensitivity for these nuclides wth
respect to water influx and solubility.

DR. GARRICK: Tim do you have a sense of

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

60

what the nunbers would be if you used the neans for
the solubility or sonme other central tendency
par amet er ?

MR McCARTI N No.

DR. GARRI CK: That's probably in your
cal cul ati on.

MR. McCARTIN: As you know, this is work
in progress.

DR GARRICK: Right.

MR. McCARTIN: That's a good suggesti on.
Dave Esh al so had sone suggestions for nme in terns of
ways t o exam ne a better depiction of the uncertainty
and range here. And yes, we need to do nore, but --

DR. GARRICK: That's okay, go ahead.

MR. McCARTIN:  Next slide.

(Sl'ide change.)

MR. MCARTIN: Interns of the waste form
internms of our particular calculation, therereally
are two terns that | wanted to | ook at. One, we have
a pre-exponential termthat nodifies the dissolution
rate and you can see it varies from1.2 times 10° to
10° so it's a three order of magnitude variation.

The dissolution rate also has -- it | ooks
at the particle radius of the fuel for a surface area

and how qui ckly things will be rel eased and so | ooki ng
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at those two aspects and certainly there's a
t enper at ur e dependence you'l|l see. | dida 1,000 year
and 5,000 year totry to seeis there an effect dueto
t emrper at ur e.

Next slide.

(Slide change.)

DR EW NG Excuse ne. VWhat are the
temperatures for 1,000 and 5,000 years? | nean --

MR. McCARTIN: 1'd have to get back to you
on that.

DR EWNG |Is that a difference of a 100
degrees or is it a 1,000? Most of the thermal pulse
is cooled quite a lot.

MR. McCARTIN. Yes. Of the top of ny
head, | just don't -- | don't think it's -- it
shoul dn't be that nuch.

DR. EW NG Your data suggests there's not
much of a difference.

MR M CARTI N: | don't think it's that
much, but Dave, do you know?

MR. ESH: Yes. This is Dave Esh. | would
guess it's in the 60 to 80 degree C. range between
t hose two points.

DR. EW NG Thank you.

MR MCARTIN If we |look at the rel ease
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rate and once again, by lowrate and high rate, what
"' mdoing for the lowrate, |'msetting those val ues
to both to give me the |owest value and both those
val ues, both to the extrene to gi ve t he hi ghest val ue.
And you can see thereis a sensitivity interns of the
rel easerate, certainly for the Techneti umand | odi ne.
It didn't show up for the solubility Iimts or the
water, primarily because we have high solubility
l[imts for it, but you can see there is an inpact
there for those two nuclides.

Li kewi se, Neptuniumshows a fairly | arge
sensitivity to the release rate. Down here, there's
not that much. | mean partly what you' re seeing there
is the fact that there's a fairly large inventory of
t hese nuclides, not so nuch for these. And the
rel ease rate is nuch nore effective for the snall
inventory rating like lodine and Technetium  Once
again, you get an understanding of where are you
getting some inpact.

(M crophone adj ust ed)

You nmean |'ve been talking this entire
ti me and nobody has heard a word?

(Laughter.)

| thought it was going well.

(Laughter.)
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Hardl y any questi ons.

(Laughter.)

Next sl i de.

(Slide change.)

DR, MORCGENSTEI N: Does it nmke any
di fference which waste formyou' re using?

MR. McCARTIN: For this exercise, | was
nmerely using our base case nodel which was nodel 2
whi ch as Di ck expl ai ned yest erday, sort of in between
t he | owest and hi ghest that we have in our PA code.
We do not have a glass waste formin this particul ar
nodel .

But once again, it's a good question
We're trying to get together a stable of cal cul ations
that we would performto give us, to give the staff
sone i nsights on where is the -- where is the bang for
the buck, if you will, in terns of where are the
| arger safety factors with respect to the potenti al
repository that we need to be exam ni ng very focused.

Internms of the unsaturated zone, for our
particular nodel, the Calico HIls nonwelded vitric
unit is avery high conductivity porous unit and so it
has the potential to significant retard sone
radi onucl i des because of the porous flow rather than

fracture flow. Once again, lodine, Technetium are
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assumed to be wunretarded, but you can see for
Nept uni um Americi umand Pl utonium there are sone - -
certainly for Americium and Plutonium sone fairly
| arge retardation factors.

DR. MORGENSTEIN: Is this zeolitic-based
sorption or clay based sorption?

MR. McCARTIN. It's on the vitric unit.
" mnot the sorption person. |It's not the zeol at age
unit which is primrily a very Jlow matrix
pernmeability, so it's primarily fracture flow. W
have a relatively sinply pipe nodel for the
unsaturated zone and for the vitric unit, we would be
using essentially all fracture flow which is also
assuned to be unretarded whereas the Calico Hills
which is primarily porous flow, it's -- there is the
retardation there, but | don't know if --

DR,  MORGENSTEI N: Retardation is not a
function then of sorption. Is that what you're
sayi ng?

MR. McCARTIN:  No, it is.

DR MORGENSTEIN: It is.

MR. M CARTI N: It is. But not in the
zealiticunit. Thisisthevitricunit. The zealitic
unit is principally fracture -- well, in our nodel it

essentially -- the matrix perneability is so low it
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always is fracture flow and where we don't assune
retardation in fractures. The Calico Hlls vitric
unit has a very high matrix pernmeability, so the
waters going through the unsaturated rock and so
there's a |ot of surface area and we do account for
t hat but --

DR. MORGENSTEIN: So this is by diffusion?

MR McCARTIN: No, no, it's sorption.

DR. MORGENSTEIN:  Sorpti on.

MR. McCARTIN: Ontorock surfaces, right.

DR. MORGENSTEIN: On to gl ass surface or
ot her m neral s?

MR, McCARTIN:  Yes.

DR. MORGENSTEI N. Ckay.

DR, BULLEN: Tim this is Dan Bullen,
before you | eave this, the 50 percent footprint is for
t he SR desi gn footprint, not the 5-1obed desi gn where
you're goi ng east of the Ghost Dance?

MR. M CARTI N: Correct. And this is
probably alittle bit dated also in about I'll see two
or two three years ago is when we updated the
strati graphy bel ow Yucca Mount ai n f or our anal yses and
it's approximately 50 percent.

DR. BULLEN. Ckay.

MR MCARTI N: But it's not the new
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footprint.

DR. BULLEN. Thank you.

MR. McCARTIN.  And as | explained, our
unsaturated zone nodel is relatively sinple. Ve

assune vertical flow downward, so where there isn't
the Calico Hlls wvitric unit, we generally see
fracture fl owexclusively to the water table, so that
is an effect there that where there isn't the Calico
Hlls vitric unit, it's alnmost -- it's a very, very
short travel tine to the saturated zone. So this type
of performance we see for about -- affecting
approxi mately 50 percent of the repository. | used an
average thickness of 30 neters. That's about what we
have. | mean we have -- as Chris expl ai ned yest er day,
we have 10 different subareas and we represent each
one of them separately, primarily because of
stratigraphy and tenperature. Both are considered,
but I did not, for this analysis, | did not. | just
used a single unit. Not an all tenp.

Next sli de.

(Sl'ide change.)

MR. McCARTIN.  Wien we | ook at that, not
surprising internms of the transport tine, variety of
Technetium 450 years. No difference between | ow and

high. It's assuned to be unretarded for both. But

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

67

you can quickly see that Neptunium it varies from
9,000 to 60,000. For Anericiumand Plutonium | did
the simulation for 100,000 years. |t never got out.
And so you can see in our nodel, for where there is
Calico Hills vitric and 30 neters of it, for these
particul ar radi onuclides, significant retardation.

Now in addition to the retardation,
remenber one thing that conplinments the delay is a
short half life, that it can -- | nean you don't have
to delay too long and it disappears, it's gone. So
wher eas these certainly are |l onger |ived, but even the
Neptuniumis quite substanti al.

Next sli de.

(Sl'ide change.)

MR. McCARTIN. In terns of the saturated
zone, you'll see we have sone of the sane
characteristics for the retardation. In this case we
-- this is retardation principally in the alluvium
We're assuning fracture flowinthe wel ded tuff units.

So anot her aspect is how, where is that
poi nt between where the water goes from the wel ded
tough units to the alluviun? | considered a distance
of -- the stretch of the alluviumal ong the transport
path from1l to 5 kil oneters

In the unsaturated zone, we did not take
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account for matrix diffusion. In the saturated zone
we do account for matrix diffusion. It's a much
| onger transport path relatively slow velocities.

One of the paraneters we sanpled is an
"effective"” fraction of the matrix. We are not
assum ng the nuclides can diffuse into all the rock
pores. And so there's a fraction that varies from1l
percent of the rock is available for diffusion to 10
percent, .01 to 1

So that's the variation there and next
sl i de.

(Sl'ide change.)

DR. MORGENSTEI N: Coul d you go through
again on the other one, what's driving retardation?
Is it a conmbination then of matrix diffusion plus
sorption?

MR. MCARTI N: This retardation is
sorption in the alluvium

DR. MORGENSTEI N: And is it
m neral ogically controlled? Wat's drivingit? Wat
m nerals are driving sorption?

MR. MCARTIN. Internms of -- |1'd have to
ask one of the --

DR. MORGENSTEI N: I n ot her words, what are

t he assunptions?
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MR. McCARTIN. |s sonmeone at the Center,

is it Dave Turner or sonmeone that can speak to the
retardations we have?

MR. TURNER. My nane is David Turner in
San Antoni o and where the sorption coefficients cane
fromfor TPA code, the version Timis tal king about is
it has been calibrated a sorption nodel, particularly
surface conpensation nodel to sorption on to
alum nosilicate and then we ran it over the range in
wat er chem stries that are absorbed in the saturated
zone in the vicinity of Yucca Mountain. That set up
t he probability distribution function that are pulled
into the function part, transport.

They' re driven by the sorption coefficient
particularly for Americiumcan be very high. They're
calibrated using site specific water chem stry at the
site.

DR. MORGENSTEIN: The al umi numsilicates
are dom nantly feldspars and/or clays?

MR. TURNER: For uraniumthey are clays.
They' re based on clay. It's al so generated down here
in San Antoni o for Plutoniumand Arericium They are
based on data fromthe literature with sorption on to
| believe it's an alum nosilicate.

DR. MORGENSTEIN: A final question, so
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this is based on the concentration of clays,
essentially and al um nunmoxy conpounds?

What site information do we have on
concentrations?

MR. TURNER  Well, okay, in doing this,
the basis is it's scaled to surface area and we're
using surface area estimtes that are from the TPA
code. So it's a little bit -- we're consistent in
that respect. W're trying to use the same surface
areas and porosities that are being used in the TPA
code to scal e our sorption information to produce the
retardation factor.

DR. MORGENSTEIN. So we only have site
specific information, is that it?

MR. TURNER. M neral concentration al ong
t he fl ow path.

MR. BERTETTI: This is Paul Bertetti from
the Center. W don't have that site specific
information in this version of the nodel, but we now
have quantitative x-ray diffraction data from bore
hol ds, Nye County bore holes in the alluviumand we're
i ncorporating that i ntothe next phase of the nodeling
effort.

DR MORGENSTEIN: Do you want to guess on

how cl ose or how different you m ght be?
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MR. BERTETTI: No, not until --

(Laughter.)

MR. McCARTI N Next slide.

(Slide change.)

MR. McCARTIN. And as you can see, the
results are somewhat simlar to what we saw for the
unsaturated zone that the | odi ne Techneti umhave the
shortest travel tines and then with the others quite
a bit longer. You see Neptunium a fairly | arge range
bet ween t he hi ghest and the | owest retardations.

One interesting thing here that these two
colums are high and I ow for a one kilonmeter stretch
of alluvium these two colums are a 5 Kkiloneter
stretch of alluvium And | was surprisedthere wasn't
a larger difference and it was -- it's always
interesting to see soneresults that youdidn't really
expect, but therejust isn't that nmuch di fference. And
certainly for sonme radi onuclides, you can see because
of the high sorption that is being used, alittle bit
of retardation for Americiumand Plutoniumgo quite a
| ong way.

Next sli de.

(Sl'ide change.)

MR. McCARTIN. | wanted to | ook at matri x

diffusion, asimlar kind of result. As | said, there
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was that effective fraction of the matrix diffusion
and | don't knowif | would have guessed this before,
but it somewhat doubl ed between just that 1 percent
and 10 percent. It sonewhat doubled the tine it took
that initial release to get out for both the |odine
and Technetium You see can a little nore effective
for Neptunium That's al so because once it diffuses
intothe matrix, thereis sone sorption that can go on
and | i kew se, once agai n because of the sorption and
thelong half Iife, there was certainly | arger nunbers
t here.

Next sli de.

(Sl'ide change.)

MR. M CARTI N: In summary, having gone
t hrough that, what do | conme away with that? Interns
of water flow into the waste package, certainly the
solubility limt and water flow were inportant for
Nept uni um Al so, a large nunmber of waste package
failures, Dbreaches, nust occur for lodine and
Technetium partly because it's a rather limted
i nventory of those radionuclides.

In terms of the waste form the
degradation rate seened to be inportant for all the
radi onucl i des.

Interestingly, at |east over the tine
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period |I | ooked at, the 5,000 to a 1,000 years, there

seenmed to be arelatively limted sensitivity to the
temperature. Now that's assumi ng the |owest waste
package breach | considered was a 1,000 years.

Next sli de.

(Slide change.)

MR. McCARTIN: The unsaturated zone, the
Calico Hills vitricunit, certainly was i nportant for
sor bed radi onuclides Ii ke Neptuniumand it al so added
significant delay tinmes for both the Americium and
Pl ut oni um

For the saturated zone, Neptunium was
rather sensitive to the variation of retardation.
There was sone sensitivity, but limtedsensitivityto
matri x di ffusion and surprisingly, there was |limted
sensitivity to the extent of the alluvium

Next sli de.

(Sl'ide change.)

MR. McCARTIN:  The question is what do we
dowiththisinformation? And the Conmttee, |'l| say
many people in the audience may not know the |ong
standing -- 1'lIl say frustrationwith the Cormttee as
"Il termit, that we have not used our ri sk insights.
And | think that's two-fold. It gets to, | think, we

haven't been able to transparently convey to the
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Conm ttee what's going on in the systemand why. And
as you can see, these analyses are an attenpt to try
to peel back the shroud of nystery that ends up as a
dose curve at the end and that's -- this is the first
step. We're goingto continue this. You can see there
-- we hope to prioritize some of our work in
rel ati onship to sone of the things that we saw. W
also -- there's two other parts that we need to get to
isthenw th these things that seemto matter, we need
to then go back to the data and i nformati on supporting
it, do we believe that representation? Now that we
know t hese are the -- these particul ar aspects are the
nost significant, | ook at that information. W also
intend to -- we've done this with the TPA code. W
are very famliar with the TPA code. W can do a | ot
of different analyseswithit. Clearly, we have to do
this. It's not what the TPA code has in it, it's
what's in DOE's Gol dSi m nodel and we need to | ook at
t he assunptions and use the CGol dSi m nodel to do some
of these sane anal yses to hel p us understand what's
going on and why there. In addition, to obviously
maki ng benefit of the calculations that Peter has
presented. But and in fact, some of these anal yses,
"Il say started out oh, six nonths to a year ago.

Bill Ford and Hans Arlt at the NRC were | ooking at
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Gol dSim and they were | ooking at some of the output
files that Gol dSi mproduced. And they were trying to
under st and things by sone of these output files that
are very simlar to some of the output -- sone of the
results that | used. | said well, that nakes a | ot of
sense. We can try to use that. W need to go back
and start to look at the DOE nodel, so you'll -- as
|*ve prom sed the Conmttee, we will be | ooking -- we
need to transition froml ooking at our results to what
does this nean in terns of the DOE results.

As we go down this path, flexibility in

the selection of an analyses, as you saw, | did
different things, different ways. | | ooked at
di fferent performance measures. | think this is

consistent wth the Commttee has recomended
different pinch point. 1'd like to think thisis --
it isn't asinplified analysis in the sense that |I'm
still using the TPAcode. But it's sinplifiedinthat
" mpulling out and getting into a bite size piece of
t he TPA code t hat peopl e can | ook at and go away wi th
well, do| agree that the retardati on for Neptuniumis
going to be delay things from 90 years to 70, 000
years.

An expert can go back and | ook at anal yses

and determ ne that. Likew se, releaserates. There's
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sonething there that soneone can say why should |
bel i eve that?

| guess we're going to continue. | assune
we' | | be back here not necessarily for this panel, but
for the ACNW It is a work in progress. We're
continuing and |1'd be happy to hear any questions,
coments and --

DR. GARRI CK: Thanks, Tim W appreciate
your abstractions of the abstractive nodel.

(Laughter.)

| think this is very val uable. | know
M ke has a questi on.

DR. RYAN. Tim | concur with John. This
isveryinsightful work and hel pful and sti nul ati on of
t he thinking process, it's great.

Maybe | could turn your attentionto Slide

4.

| want to kind of focus in on the dose
conversion factor part. | knowin your analysis that's
been kind of a fixed parameter and that 15 mllirem

dose has been fixed. There's a couple of aspects I'd
like to just take a mi nute and tal k about and t hen get
your reaction to maybe the sane kind of systenatic
expl orati on that needs to be done there.

Dose conversation factors are used, |
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guess fromICRP in the analysis. | caution everybody
torecall, those are dose conversion factors that were
desi gned for worker protection. Pl utonium for
exanple, it would surprise you to take a | ook at al
of the reported G tract uptake fractions which drives
the factor. They range over several orders of
magni t ude and t he 95 percentile of the distributionis
what was used to set that dose conversion factor.

The tendency of these factors is not to be
central tendency, it's to be conservative tendency
because t hey were desi gned for worker protection. So
that's sonething that woul d be interesting to explore
because i n many cases t hey can be nagni tude i nfl uences
on doses.

Now perhaps for Technetium and 1 odine,
not, because they're soluble and nobile in the body
and so on. So | think there's a fruitful area to
explore with the fundanental dose conversation
factors.

|"ve | ooked carefully at Plutonium and
that's one that's very surprising that it was set to
be quite thoroughly conservative for the purpose of
wor ker protection. So we're using them for a
di fferent purpose now.

The second i s t he pat hway dose conver si on

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

78

factors which include intake rates, food consunption
rates, all those kinds of things. For exanple, water
intake is two liters per day. How many in the room
drink all their water out of one tap all day |ong
every day?

Well, there's probably a conservatismin
that assunption, so | think with the sanme kind of
expl oration that you' ve done for these ot her i ssues of
waste release and other things, it wuld be as
i mportant and very hel pful to understand what the
bi osphere conmponent offers in ternms of either
conservati sm or perhaps nonconservatism or the sane
ki nd of expl orati on.

| gquess that's ny comment, and 1'd
appreci ate your reaction to that.

MR. McCARTIN:.  Well, certain aspects of
the extrapolation froma concentration of curies to
dose could warrant | ooking at. | nean there are
certain parts that ny understanding that we would
expect the Departnment to use what ever federal gui dance
iscurrent at the time of the |license application and
EPA does the federal guidance for what nethodol ogy
shoul d be used to cal cul ate doses and we woul d j ust
use that.

DR. RYAN. Let me just react to that one
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point. | agree with you. You use what's required.
However, exploring what that nmeans doesn't nean you
don't use it.

MR. McCARTIN:. Okay. Sure. Good point.
Yes. | would agree.

Now one anel i orating factor is thingslike
Anericium and Plutoniumin terns of if you saw the
retardations for the alluvium even at the | owest
val ue, they never got out and so there's certain
t hi ngs that once agai n, we want to make sure and focus
on the ones that -- now certainly Neptunium it's
pushed a little bit beyond, but as you saw, the
variation is relatively significant between the
solubility limts, release rates, water influx and
retardation. That's certainly a nuclide that I think
we want to --

DR. RYAN: And as you see, it's got the
| argest dose conversion factor, so that's an
expl oration that m ght be interesting.

MR. McCARTIN:. Yes, yes, | would agree.

DR. GARRI CK: Go ahead, Rod.

DR. EWNG Just to followup on that, as
someone who is not very famliar wth dose
conversation factors and | just know enough to be

confused, it woul d be very hel pful and what's m ssing
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and | like your approach is a conparison between the
DOE, the TSPA and the TPA and what would help ne is
before you get to the biosphere, show the nunber
curies at acertain part and place in the analysis for
say Technetium and | odi ne and Techneti um and | odi ne
are very interesting because they' re not retarded. So
these are real tracers that can bring out the
di fferences between t he nodel s that you see. So | was
sitting here struggling with dose conversion factors.
The DOE, TSPA, Peter has given us curves for one
package failure. You' ve said we need nore than the
inventory to fail for Technetium At a 1,000 years,
it would be very interesting to see how cl ose your
estimates actually areinterns of the total nunber of
curies released and there will be differences, of
course. That's not to say either is wong, but in
those differences, | think, is alot of value, if we
understand the reason for the difference.

But once you go to the dose conversion
factors, then | | ose control over ny ability to think
about what's gone on in the repository waste form

DR.  BULLEN: Bul l en, Technical Review
Board. Along those sanme lines, | actually did the
same type of conversion as nmy esteened col | eague from

the University of Mchigan and if you take a | ook at
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Peter Swift's figure this norning and you | ook at the
5,000 year dose for lodine-129 -- actually, it's
Technetium 99, I'msorry. So Tech-99 dose is on the
order of maybe 3 or 4 tines 10° and you say okay,
|'ve got about 10* packages. | got up 10* and say
well, do |l neet theregulatory limt or do | exceed it
and |I'm off by about an order of nagnitude, if you
just take a look at it.

Now t he question | have for Timis that
well, is the order of magnitude cl ose enough for the
ki nds of cal cul ations that you' re doing or do we need
to understand nore fully the differences between the
codes and try to explain why that order of nagnitude
is there? But right now, you're within an order of
magni t ude and as a performance assessnent nodel er from
way back, | | ook at that and say well, that's the sane
answer, but maybe you don't feel that way.

MR, MCARTIN. Well, | guess there's a
couple of conmments with respect to that and both
points and there's certainly conparison between
oursel ves and DOE. W aren't hol di ng oursel ves out as
gee, we have it right. W are doing analyses to
assist our thinking and ultimately it's what is the
DOE nodel, what are the characteristics that are

i ncorporated intheir PAand have t hey supported those
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characteristics?

Now t he part -- the differences is well,
that's useful intrying to understand better what DOE
i s doing. | guess I'm not -- the fact that we
conmpare, as | nmentioned yesterday, therewas a-- |11
say four or five years ago, somewhere in that range we
| ooked at rel ease rates and we were pretty close, |'d
say.

W had a lower release rate and no
cl adding credit and DOE had a very high rel ease rate
and a lot of cladding credit. Andit's useful to know
that, but our role is has DOE supported the basis for
their cladding credit.

W need to know that the cladding credit
has a significant inpact before we can reviewit and
in that context, the understandi ng both performnce
assessnments are useful, but it'sreally a took for us
to probe DOE's assunptions and we have never and |
probably should have had a caveat and maybe we've
gotten a little |lazy over the years, but when we've
had technical exchanges with the Departnment on
per f ormance assessnent, we have al ways sai d t hat there
are no paraneters or approaches in our TPA code that
represent regul atory acceptance.

DR GARRICK: As --
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MR. McCARTIN. The Departnent can't say

NRC did it that way, well, here it is, feed it right
back to us.

They have to have their own basis and it
has to stand on its own. We're doing this as an
under st andi ng process.

DR. GARRICK: Excuse nme. My opinion on
this order of magnitude business, if we were 100
percent confident that our results were within an
order of magnitude | would be very, very happy.

(Laughter.)

Rod, you had a question.

DR. EWNG Just a conment. | understand
the regulatory -- well, | don't understand the
regul atory framework. | have an inpression of the
constraints. But still, you know, in any other

scientific or engineering field where you' ve got two
nodel s, people inmediately conpare themand it's not
to -- sonetines it's to tear one another part, but
besides that it's very instructive to see what the
cause of the difference is and of course, the fact
that they match doesn't nmean that either nodel is
correct, but it's avery revealing and useful exercise
that in ot her waste managenent comunities around t he

world, | nentioned this blind predictive nodeling,
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peopl e do routinely.

And so --

DR. GARRICK: Yes, this Cormittee agrees
with you and we' ve been pushing for this very hard.

MR. McCARTIN:. Right, and ny only point is
there's no question that the ability of the NRC staff
to comment and reviewduring this pre-licensing phase
and when we get the license applicationis conpletely
enhanced by t he performance assessnent work we' ve done
to devel op our own independent nodel.

It's the understanding, and | thinkthat's
your point, the understanding that that brings is the
i mportant aspect, not necessarily whether there's a
di rect conpari son.

DR, GARRICK: Yes, Joe?

DR. PAYER  Joe Payer. |, too, really
support this kind of effort. | knowthat there' s the
i ssue of remai ning i ndependent and so forth, but al so
under st and t hat NRC and DOE have been able to identify
key techni cal issues and other aspects, that sort of
thing. It seems to nme -- and | al so know you' re both
working to try to make these conpl ex nodel s, at | east
| et people know what's in themand how t hey work and
so forth

It seems to me it would be a great step
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forward if you could agree upon the sorts of l|ists
that you have package, waste form those types of
t hi ngs and so t hese expl oratory and expl anatory types
of treatnments could at | east be in the sanme boxes, you
know, so how are each of you treating penetrations and
t he wast e package, whatever type of thing.

For one thing, | guess to follow up on
that i s the question, when you try to conpare what DOE
i s doing conmpared to your analysis, |ooking at your
TPA, how hard is that to do? |'m sure all the
information is there somewhere, but does it take a
maj or anmount of effort to repackage it and put it
together or is it pretty straight forward.

MR McCARTIN:. In theory, it's straight
f orward. In application, it can be a little nore
difficult andit'sjust -- it'sgoingtotakealittle
bit of time on our part. W have approxi mately a year
or a year and a half ago, we got the Gol dSi mnodel in
house and we have it up on people's conputers. To be
able to go in, obviously, with our code | can go in
and pul | out output and do runs, very flexible. Wth
the DOE nodel, it is soneone else's nodel, so we're
com ng up to speed. There are sone peopl e, Dave Esh,
on staff, whois very proficient init, but others are

com ng up to speed and that | think i s one of our main
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goal s.

The one problem we have is that the TPA
code is a very, by conparison is a very svelte nodel.
It runs very quick. W designed it, when we started
many years ago to develop it, we wanted a code that we
coul d do around 400 realizations over night and so we
put a very strict run tine on each of the nodul es on
the order of 1'Il say 30 seconds. | forget exactly,
for each nodul e.

So we have sonething that we essentially
can run over night. We run it over night easily on a
PC now wi t hout any trouble. Sonetinmes in a couple of
hours.

The DCE nodel is much | arger and ri ght now
we don't have any conputers i n-house that can actual ly
run the code. We can get DOE to give us the results,
and that's what we're | ooking at now W have the
results and we can do it, but it's not quite as easy.

DR. PAYER: |'mnot asking do codes nesh
up. |'mjust asking that it appears to nme that both
organi zations are trying to make, strive for
transparency and expl ain these to di fferent groups of
st akehol ders. And if you could just agree on the
categories in which you' re going to explain that, you

know, for exanple, if you woul d have followed the |i st
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here, we would have had to close the -- but for
reasons, you do your own things. And everybody does
that, but then it makes the third party, it's hard to
-- there's overlap between the boxes and | just think
it would be a step forward if we could agree on it and
start explaining things in the sanme bundle of
products.

MR. McCARTIN: Good point.

DR. GARRI CK: Geor ge Hornberger.

CHAlI RVAN HORNBERGER:  Just t o change gears
here, Tim | have a very specific question, so | ooking
at your table for saturated zone, retardation
sensitivity, and you | ooked at a 1 kil oneter pat hway
and a 5 kil oneter pathway and Neptuni um 237, you had
950 and for the 1 kilometer path and you for the --
it's Slide 18, if you want to pull it up, Mchelle.

And 1050 for the 5 kil onet er pat hway. So
tell me why the 1 kilometer pathway and the 5
kil omet er pat hway are not very different at all? Just
for the | ow retardation

MR. McCARTIN: For the low retardation
What you're seeing, | nmean there's two conpeting
things going on there. One is the fact that the
al luvium path tends to be slower than the fracture

pat h.
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Nowthey' re essentially unretarded at the
| ow end, the Neptuniumis unretarded. But for matrix
-- that's in the alluvium For a matrix diffusion,
you have a -- you actually do have a retardati on when
it goesintothe fracture rock there is a retardation
and so what you're seeing is the fact that the reason
itisn't noreinnm mndis that the alluviumslows it
down sonewhat but your fracture path is father in the
fractures and you actually are getting sone sl ow down
due to the retardation and matrix diffusion in the
fractured path. So it's not as nmuch as you think.

DR. GARRI CK: kay, thanks, Tim Thank
you very much

W will now take a 15 m nute break.

(Whereupon, the proceedings in the
above-entitled matter went off the record from10: 41
a.m to 10:56 a.m)

CHAI RVAN HORNBERCER: Bef or e we r ecommence
wi t h our wor ki ng group, we are privilegedto have with
us the | eadership fromNMsSand | will introduce Marty
Virgilio, who wants to take care of a little human
aspect of the ACNW Marty.

MR. VIRA LIO Thank you, George. | just
want to take a mnute to recognize Ray Wner's

retirement, and the excellent service that he's
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provided to the Agency through his six years service
on the ACNW And this is an occasion for us, and we
really wanted to thank you, Ray. | had signed out a
letter that | want to present to you. | signed it at
t he begi nning of March, but the Staff suggested that
| hold off to an opportunity where we could get
together and say a few words, so this is really on
behal f of the Staff. I'"d just like to read a few
things fromthe |l etter before you stand up and grab it
out of my hand. You're not getting out of this that
easy.

This is on behal f of the O fice of Nucl ear
Material Safety and Safeguards, but really | think
it's on behalf of the Agency when | think about your
contributions to the NRC. W' re comrendi ng you for
your six years of service on the Advisory Committee,
recogni zi ng your know edge, insights and contri butions
in the area of radiochemstry and materials
t echnol ogy, have greatly assisted the Agency and NMSS
inthe work efforts that we've done. Your retirenent
during your second termis aloss to the Agency. It's
not easily regained, and | just want to acknow edge
t hat and thank you for everything you' ve done for us.

There's a lot in this letter, but I want

to cut to the chase as your style of interaction was

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

90

al ways polite and in good spirits, constructive, and
of ten acconpanied by realistic exanples served with
your Tennessee-honed hunor. W appreciate your
professionalism in dealing with the Staff always,
taking time to get to know them and never had a
di sparagi ng word for anybody. W' re gratifiedto hear
that you're going to continue to serve nationally on
some of the promnent conmttees that we still
interact wwth. And, thus, we believe we'll continue
to benefit from your experience and your insights.
Thanks, Ray. W appreciate it. Thanks, Ceor ge.

DR WYMER: l"'m not going to make a
speech.

CHAI RVAN HORNBERGER:  If we had tinme, we
woul d dermand t hat Ray nake a speech, but we do have to
get back to our working group, so | wll turn the
fl oor over again to John Garri ck.

DR GARRI CK: Thanks, George, and thank
you, Ray.

Okay. One of the inportant parts of our
wor ki ng group sessionwas totry to get as nany expert
views on the i ssues that we've identifiedthat we want
to consider as possible, and we've very pleased to
have a very strong contingency from the State of

Nevada. And we're now going to hear a series of
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presentations fromseveral people, starting with Don
Shettel. And | would appreciate it if you would give
alittle bit of a background on who you are, and your
affiliations, et cetera.

DR. SHETTEL: 1'mthe desi gnated speaker
today for the State of Nevada. My name is Don
Shettel. I'"ma consultant with the state working with
Geosci ences Managenent Institute in Boulder City,
Nevada, and ny primary contribution to this talk is
the near-field environnment, and the rest of our team
that's listed up here has to do with corrosion;
specifically, Drs. Barkatt and Pulvirenti wth
Catholic University, Drs. Gornan and Marks wth
Domi ni on Engi neering, and you all know Roger. But
this group has been instrumental in planning,
executing experinents in corrosion and general
brai nstorm ng the issues of corrosion.

This is a schematic of Yucca Muntain.
|"m only going to worry about the portion of the
Mountain that's at or above the repository | evel, and
because in order to get these waters up to the
repository level, we have to i nvoke sone discredited
theories that were nentioned yesterday. W have
preci pitation, and what doesn't show here is nunber

two, is the fracture flowwater, nmatrix water. This
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di agram shows waters and processes that occur
t hr oughout t he Mountain. And we have a refl uxi ng zone
here, which is high tenperature refluxing of vadose
wat er m xtures and i nteraction with the rock at hi gher
t enper at ur es, whet her caused by t he enpl acenment of the
wast e.

VWhat |' mgoi ng to concentrate on today are
primarily indirect processes in the next diagram
First, | go over the water types that are above the
repository |evel in general. First, we have
precipitation as its water conposition, fracture fl ow
water. There's not alot of sanples, and there's sone
guestion as to whether thesereally are fracture fl ow
waters. The main thing we're going to work with here
are matrix or pore waters in the Vadose Zone, and |
have found that there are two types. There are sone
di agranms in the backup slides that will convince you
that there are two types of water here. There's a
shal l ow fl ow water that's above the repository | eve
t hat has a Cal ci um Sul phat e Fl uori de conposi ti on, and
it also has significantly nore Magnesiumand Nitrate
than the deep flow waters that are below the
repository level, which are essentially simlar to
ground water and perched water; in other words, a

Sodi um Bi car bonat e.
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Yest erday, there was a statenment by DOE
people that these two waters were essentially very
simlar, but it doesn't look like that on the slide.
Plus, the main point of this is when you boil and
evaporate these waters, the Cal ciumSul fate Chloride
water, | ate stage of evaporated residuals go acidic,
and you do that for the Sodi um Carbonate waters they

go al kaline, so these waters are not as simlar as

some people would have you believe. | already
di scussed refluxing to sone extent. Next slide,
pl ease.

The indirect processes, the main primary
way the water i s going to contact the waste package is
by dripping or intermttent flowing water from
fractures. Now the DOE woul d have you believe that
once the rocks get above the boiling point, which I
believe they consider the boiling point for pure
wat er, which is 96 degrees C, the rocks dry out and
you get no water flow ng through fractures onto the
cani sters. However, once you start to boil water and
concentrate it, you have what's cal |l ed a boi |l i ng poi nt
el evation so the tenperature of the residual sol utions
can go up.

And the other point here is that there

have been cal cul ati ons by Karsten Pruess at Law ence
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Berkel ey Labs and sone experinents, the Hel e-Shaw
experinments conducted by Dr. Houston at the Center,
that show that liquid water can penetrate if it's
above a -- in a fracture it's above a hot zone of
rock, essentially above boiling. The water can finger
down through the boiling zone in the rock, and
essentially can penetrate the rock even to above
boiling and reach the canister, so just because the
rock is above boiling doesn't nean that water can't
get through, or an acarus solution | should say,
cannot get through in the fractures to reach the
enpl acenent .

Most of these events here are processes
you're famliar with. The ones we're interested in
are corrosion, but we have sonme ot her processes here
that are a result of evaporating waters, have acid
vol atilization, and hydrolysis of salts. Next slide,
pl ease.

Acid volatilization, when we evaporate
t hese solutions, when they get fully concentrated,
t hese acids, Nitric, Hydrochl oric and Hydrofl uoric are
driven off in the vapor from therno evaporated
solutions. Sulfuric Acidor Sulfateis volatile, wll
concentrate in the residual solution, and eventual ly

precipitates the Sul fates inthe solution. Therefore,
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t hese residual solutions |ose whatever beneficial
i nhi bitors they m ght have, and essentially this would
i nval i date the DOCE corrosion nodel of the clad versus
Sulfate Nitrate ratio. And as | said before, these
resi dual sol uti ons beconme, and intheir conmon st ates,
as well, becone acidic with therno evaporative
concentration. Next slide, please.

The hydrolysis of salts is intimately
connected with the previous slide. The salts that
form from this therno evaporation of the dripping
vadose water obviously precipitate various salts, a
couple of the mnerals |'velisted here, but there are
many conpounds t hat are not m neral s, such as Cal ci um
any nunber of hydrates of Cal ci umand Magnesi umt hat
formhere, and these are -- one of the key ones that
we found is Tachyhydrite, which is a mxed Cal ci um
Magnesi um Chl ori de Hydrate, and these deliquescing
salts cause accumul ation of liquid on the canisters.
The salts are hygroscopic. They absorb noisture from
the drip or fromthe drift, and if they dry out in-
bet ween drips, whenever a drip cones back down onto
the salts, they hydrolyze, as well. And during this
process they can formvery acidic solutions. Brines
are al so highly viscous and have | ow vapor pressure,

so they' re not necessarily going to run off the top of
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the canister if they happen to fall right on top of
the canister. And if these salts happen to dry out,
one observation in the lab, if we conpletely dry out
these salts and then let them sit around at room
temperature - although it doesn't have to be room
tenmperature - let themsit around and absorb noi sture
fromthe at nosphere, they can, i n many cases, give off
Nitric Acid vapor, which is an interesting result.
Next slide, please. GCkay. There is a
tabl e of corrosion results in the backup slides which
| " mnot going to cover in detail unless we want to get
into that, but | just want to show you a couple of
results here from the experiments at Catholic
University. This is C22 disk. | believe this is
about a centinmeter across in a wet residual paste at
140 degrees C. This was the tenperature that the
solution was boiling at, so you can see there's going
to be quite a difference between 96 degrees, whichis
the boiling point at the Muntain, at altitude, and
what these salts can concentrate to. The 29-day
initial solutionwas aconcentrate pore water. The PH
of this paste near the end was 2.2, and we got a
general corrosion rate based on wei ght | oss of al nost
700 mcrons per year, which converts to alnost 30

years for a hole to develop in a two centineter
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t hi ckness cani ster.

Now t hi s rai ses anot her question. And if
we can penetrate the canister in such a short tine
peri od, and we bel i eve we can, what happens when t hese
salts and everything get inside the canister?
Qovi ously, you don't have the bat ht ub nodel any nore.
You have hydrolysis of salts and acid volatilization
going on inside the canister. W haven't begun to
expl ore that one yet.

Now i n our experiments, we use a Soxhl et
Distillation apparatus which has a cup where the
condensat e can run fromthe boiling sol utions, can run
back in, and they put a piece of netal up there. And
t he tenperature of the Soxhlet is 77 degrees C, and we
get -- you can see a very high corrosion rate. This
is an SEM phot ograph of that. The PH is very |ow,
-.5, and again this translates into alnpbst a
mllinmeter per year, which converts to al nost about 21
years to penetrate two centinmeter thickness. Next.

A schematic of what m ght happen in the
drift. Some of ny labels do not work on the
M crosoft, but this is a dripping fracture up here.
W mght forma salt stalactite here with dripping
water. This could break-off periodically, and we can

also formsalts ontop of the drip shield. Eventually
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the drip shieldis penetrated, and t hese get under the
canister. And | mght point out thereis also a slide
in the backups that show that the effect of these
evaporating solutionsisnot limtedto C22. It also
has a very simlar effect on Titanium?7.

And t he conclusionis next. This fracture
and pore water occur at and above the repository
| evel, of course. W have no ground water
conposi ti ons. I ndi rect processes are nmuch nore
conplicated than has thus far been admtted by
anybody. Corrosionrates are significantly higher for
t hermal | y evaporating sol uti ons and t hei r condensat es.
The range we found thus far is .1 to 1 mllineter per
year, and one experinment has beenupto 10 mllineters
per year, which translates to two years to penetrate
the 2 centineter thickness of the canister.

And towards the bottom here we have
sub-boiling, imersion testing of EBS materials and
ground wat er i s both unrealistic and non-conservati ve.
That refers to long-term corrosion test facility,
which is nobst of the basis for DOE s nodel of
corrosion and essentially, the repository is supposed
to be in the Vadose Zone, but this testing is really
putting it down into the Saturated Zone, and we see

that that is a major error in |ogic.

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

99

And then this also raises a nore
fundanent al question, isthe current repository design
a good one for the Vadose Zone, and we don't believe
it is, at Yucca Muntain, | should point out.
Question?

DR. GARRI CK: Go ahead, Maury.

DR.  MOREGENSTEI N: Coul d you describe
what's driving the PH?

DR SHETTEL: Wat's driving the PHis the
formation of solids in evaporating solutions, which
are primarily Magnesi umHydrates, and ot her Magnesi um
compounds. One of themis a MagnesiumNi trate. These
formfairly early before the solution is conpletely
dry, and then when they rehydrolyze, they generate
acid on hydrol ysis.

DR.  GARRI CK: Any other comments,
guestions? ay. Go ahead, Joe.

DR PAYER  Just, | guess one conment.
The -- you've shown that it's possible to start with,
you know, mnmixtures of ions and waters that are
avail able here. And if you treat them boiling them
down, refluxing, things of that sort --

DR. SHETTEL: We're not just startingwth
any conposition of ions. W're starting with ones

that are appropriate --
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DR. PAYER: | under st and.

DR.  SHETTEL: -- at and above the
repository level. Ckay.

DR. PAYER Yeah. Starting w thions that
are present there and treating them what | haven't
seen yet, | don't say it can't exist, but howdo those
environnments get generated on a netal waste package
surface? Do you envision a small Soxhlet- type
process?

DR SHETTEL: No, just by the solution
that's dri pping onto the cani ster and bei ng evapor at ed
and concentrated on a hot netal surface.

DR. PAYER: | understand, but how do t hey
get refluxed?

DR. SHETTEL: Well, the refluxing was up
in the rock. That's a different matter.

DR. PAYER: The highly acidic brines are
up in the rock. That's where they form and then they
drip onto the waste package?

DR SHETTEL: That's a possibility, but
the | oss woul d probably buffer the pHto Iimt that.

DR. PAYER | nean, | guess -- yeah, |I've
heard these presentations in many different
presentations. The part that's mssing in ny mnd -

| don't say it doesn't exist, or where it is, or where
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t he boundaries are - but the description of howthese
environnents formon a waste package-type or a drip
shield, either onthe top, or the bottom or wherever.

DR SHETTEL: Well, the reflux --

DR PAYER. Howthey would -- sorry. Just
how they form would they persist, how much of it is
there, if they go away would they reforn? | nean
that | think beconmes the real issue. There's no
guestion that you can generate environnents in a | ab
that will, you know, make C-22 and Alloy Titanium
corrode very rapidly. And that's been denonstrat ed.

DR. SHETTEL: Right. Well, I think these
sol utions can concentrate in the refl uxing zone above
t he rock, | nean above the drift in the rock, and then
the concentrate -- the essentially pre-concentrated
solutions to some extent then can penetrate the
fractures and drip onto the canisters where it can
reach that final evaporation approachi ng near dryness
or even conpl ete dryness.

DR. PAYER It's that whol e bl oop there
guess that is not clear in ny mnd. The part that |
don't envisionis howthe condensati on occurs, to keep
t he aci d vapors that are generated at that | ocati on on
t he metal surface, because it's an anbient pressureis

ny picture of the --
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DR. SHETTEL: So i s our experinments. But

anyway, the vapor is |owacidicwe' ve just discovered.
| nmean, we found that they were acidic, but the
resi dual solutions that would reside on top of drip
shi el ds and then on top of the canister, those aren't
dependent on the -- they form--

DR. PAYER Well, maybe -- but you've got
a recondensi ng to keep bringi ng themback. That's the
part that -- you've got acid vapors. It seens to ne
you' ve got an open systemwhere acid vapors coul d go
wher ever acid vapors are going to go, but they don't
have to cone back into --

DR SHETTEL: That's right.

DR. PAYER And be captured in the

sol uti on.

DR SHETTEL: That's right. They don't
have to.

DR. PAYER: And that there are processes
t hat --

DR. SHETTEL: Somewhere elseinthedrift,
but you have to remenber, you can still keep dripping

wat er down onto the canister and build up the salt
deposits, and add noisture to that.
DR. MORGENSTEIN: Joe, let nme interject

for just a second to help this out. If you just take
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a fracture drip onto say Titaniumdrip shield - okay
- the precipitate that you would get from the

evaporation of that drip will have Tachyhydriteinit

peri od. Don't go any further. You don't need
recycling.

DR SHETTEL: | thought that's what |
said, but --

DR. GARRI CK: Ckay. Very good. Go ahead,

DR. BULLEN:. Dan Bullen. One nore quick
guestion. I'mjust |ooking at the residual paste and
how you got toit. And | want to try to understand.
You started with 12 liters of 1243X UZ pore water.
Ri ght ?

DR. SHETTEL: Right.

DR. BULLEN. And so basically, |I'mjust
trying to do the mass bal ance in ny head to figure out
how much you need. So if | wanted to get to this
level, 1'd have to start with about 15,000 liters of
water, and then how long would it take nme to get
15,000 liters of water concentrated down to this
I evel. | | ooked at your cal cul ati ons and your backup
slides, basically. | cheated. 1'mlooking at them

DR SHETTEL: Well, there is one slide

back there, how dry is --
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DR BULLEN: Right. But I'mlooking at

that, and I' m| ooking at average percolation flux in
the one to ten thousand year range that are, you know,
sort of 2-20 mllimeters per years, and so | picked
10. And if | have 15,000 liters that | need to make,
and so | divided by 10 mlliliters or 10 liters per
year per cubic neter, per square neter, I'msorry, it
still takes me about 1,500 years to get this
concentration? | nmean, |'mjust tryingto do the math
to figure out.

DR. SHETTEL: Well, that's on average. You
have some canisters that will have nore dripping on
them and others that will have less or none, so
you' re speaki ng about an average tine.

DR. BULLEN: Ri ght . But then I -- and
that average tine --

DR. SHETTEL: 1t can be concentrated down
on one out of every, | don't know, three, four, five
cani sters, whatever it is.

DR. BULLEN. GCkay. Keeping that in mnd,
that's fine. But it doesn't stay hot for that |ong.
| mean, |'m above boiling for whatever it is.

DR. SHETTEL: Two years. | mean, you only
need -- some of the solutions only take two years to

penetrate the canister
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DR. BULLEN: But how |l ong does it take ne

to get enough water there to nake the solution, is the
guesti on.

DR SHETTEL: Well, you're not takinginto
account that you're going to heat up a certain vol une
of rock above the drift, which is --

DR. BULLEN: And nobilize the water, |
under st and t hat.

DR. SHETTEL: Mbbilize the vadose water,
and pore water. Plus, you have the percol ati on wat er
com ng down.

DR. BULLEN. Okay. Well, I"'mjust trying
to get a handle for it. And thank you for providing
this "HowDry is Dry", because | wanted t hese nunbers,
and you had them but thank you.

DR. SHETTEL: |'mnot sure that that's our
calculation to nake. | nean, that's --

DR. BULLEN: No, | didn't say it was.
Just thank you in your presentation.

DR. SHETTEL: It's sonmethingthat needs to
be done. It's not necessarily sonething that is our
j ob.

DR GARRICK: What I1'd like to do is to
make sure that every speaker has opportunity to make

their presentation. And if we have tine at the end,
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we can cone back and ask questions of anybody, so we
will with that try to nove right al ong.

And also I'd like to corment, | have very
i npressive CVs on each of these speakers, but rather
than take the time to read them |'mgoing to ask that
t hey be nade part of the record so they will be part
of the permanent proceedings. And continue the
adopted practice of having the speaker introduce
t hensel ves. Qur next speaker is John Walton fromthe
Uni versity of Texas, El Paso. And he's representing
Nye County.

DR WALTON: That's correct. I"'m a
Prof essor of Civil Engineering at the University of
Texas at El Paso. And Drew Hall, who did the work, is
my Master's student.

DR GARRICK: That's inpressive that a
prof essor woul d nake that kind of adm ssion.

DR. VWALTON: Well, I'm prepared to take
credit for anything good, and blame him for any
probl ens you may have. Next slide.

Water chem stry is clearly inportant for
corrosi on nodel EBS materials. Everyone agrees on
t hat . W need to consider all mcro chenical
bi ol ogi cal processes that m ght determ ne that water

chem stry, and we get to | ook at these other things,
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but things that are likely we'd |ook at. To ny
know edge those were | ooked at, physical separation
processes intherepository, the subject of a Master's
thesis. Next slide.

Evaporation occurs inthe repository, and
evapor ati on usual | y occurs when wat er noves. That is,
wat er doesn't stay put. |If you renopve water from a
part of a lock matrix here, then by capillary suction
ot her water would nove towards it, and so the water
tends to nove as it evaporates. And as it noves and
evaporates, it becones nore concentrated. And as it
becones nore concentrated, the | east sol ubl e m neral s
will precipitate first, and the nore sol ubl e m nerals
will precipitate later, and perhaps at a different
| ocation. And that's the essence of this work.

There are many potential situations where
this can occur. |I've got a couple of cartoons to show
you sone exanples, and pictures to show what really
occurs, but thisis very common in arid environnents.
Next sli de.

First cartoon is not intended to be
realistic. It's intended to be sinple so we could
expl ai n what we' re tal ki ng about. W have a fracture,
produce the drip, the drip goes down on the drip

shield or water contai ner, could be either one. And
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the drip occurs in the center, so we have a wetted
area here, and the water flows away in the wetted
area, and as it flows it evaporates. And so
potentially we have a condense situation, but
potentially we have where the | east sol uble mnerals
will be precipitated in the mddle where the drip
occurs right in there, and the nost soluble will be
precipitated at the edge. And so we could get a
physi cal separation of the original ionsinthe source
wat er .

Next slide. This is a little bit nore
conplicated cartoon, and perhaps a little bit nore
realistic. Here we have a dead-end fracture that
serves as our source of water, maybe fromreflux and
condensate or whatever. Water conmes down in the
matri x here, and it sees the capillary barrier here,
starts noving around the drift. That's what we want
to see. And as it noves around the drift, however,
vaporate diffusion could occur, and there's going to
be evaporation, so it's going to concentrate as it
noves around the drift.

So potentially as it concentrates, the
| east solublemneralswi |l beprecipitatedfirst, the
nost sol uble mnerals could be precipitated later in

a different location, physical separation of the
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original source. Here we have a little surface
roughness off the ceiling. Don't worry, sothat's how
it formed. Water's coming down in there by capillary
suction. The water can evaporate because there is
contact with the drift there because it noves. It
beconmes nore concentrated as it noves out to the end.
And t hese sol ubl e m neral s precipitate here, the nost
sol ubl e m nerals down there.

The third exanple in the cartoon, we have
a dead-end fracture here. Here it opens up into the
drift, so presumably we have vapor diffusion going on
in the fracture. WIll have the greatest vapor
pressure, highest vapor pressure here, |owest out
her e. H ghest relative humdity, at the bottom --
where's that | ast one? Hi ghest vapor pressure there,
| owest there. Highest relative humdity here, | owest
t here.

Sone of the water cones in here. It's
going to enter the fracture wought by vapor
di ffusion. Sone of the water will stay in the matri x.
This is nore desiccated portion of matrix than that.
Capil l ary suction noved the water that way while it's
evaporating. Least soluble tend to go here. Mbst
soluble mnerals in this direction. Next slide.

This is just kind of a bl owmup of the sane
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cartoon | had before. We have our fracture wth
separation of mnerals alonginour little stalactite
or surface roughness. And we have a drift area, or
this could be just a place on the ceiling where the
saturated hydraulic conductivity isjust alittle bit
higher. It would serve as a source area. Dripping s
not required in a physical separation process, inthe
rock as well as on the canister. Next slide, please.

Now, it's nice to draw sone cartoons, but
t he question always is, does it really occur? And it
turns out, this is very common in the desert. Here's
just a picture | saw, | wal ked into subway at | unch,
and this is arock wall in EIl Paso. W have l[ots of
rock walls. People irrigate their plants up above,
here on the picture, seeps down i nside the rock wall,
| eaks out through cracks, down the sidewal k.

So we have the source area right here
where water noves out. As it noves, it evaporates,
the mnerals are deposited and we see bandi ng here.
It's evidence of the physical separation processes.
Next sli de.

Here's a picture froma desert spring, and
you see the ground i s wet right here. The water rises
up, the capillary rise along some rocks there, and we

can see sone signs of physical separation right al ong

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

111

sone of these rocks here at the spring. Next slide.

So, you know, we have the general concept
of physical separation, and we see if it occurs in
natural systens. And so now the thing to do is
devel op a nodel to try to | ook at what happens, so we
devel oped a sinple equilibriumnodel. It's adequate
for at least sem -quantitative analysis. It's not
real sophisticated, didn't intend to be.

There's two obvious end-points in the
physi cal separation that we can | ook at. One i s what
we call single-cell mxing tank. That is, everything
goes into a beaker, at |east mathematically, and
evaporation occurs right there. And then later in
time if the repository wets back up, the rehydration
occurs in the beaker, so we call that a single-cel
m xi ng tank, no separation.

The other extreme we can go is that
everything is conpletely separated as it goes, and we
call that our infinite series of m xing tanks. And we
wote a nodel that can do the single-cell, it can do
the infinite series, and it can actually do anyt hi ng
i n- between, because we really input the nunber of
m xing tanks to use. Reality is like to be
i ntermedi at e and hi ghly variable. For this sinulation

we stopped at a concentration factor of 10to 6, 1 to
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a mllion, just arbitrary but you have to stop the
graph somewhere. Next slide.

Interpretation, you can | ook at sone of
the water chem stries in there, look at the ratio of
aggressi ve to non- aggressive ions. You know, we can
have source areas are caused by drips. W can have
separation of rock. Separation of rock is probably
nore i nportant as you get these things form ng on the
ceiling, and then later on they fall down as dusts on
the canister, so that's when they come into effect.
Next sli de.

Source waters, we're pretty agnosti c about
what the source waters are. W have a si npl e nodel so
we can run it a lot of tinmes. W can run a |ot of
di fferent source waters. Wat |'mgoing to show you
today is we have precipitation. I1t's an obvi ous one.
Pore wat ers fromPai nt brush, pore waters fromTopopah
Spring. W did a 50/50 mx of precipitation with
Pai ntbrush tuff, the idea you get some mtrix
di ffusion or whatever as the precipitation is com ng
down t hrough the fracture. You know, what el se shoul d
we try? You know, Drew has not defended his Master's
thesis yet, he could use nore work to do, so we're
open to suggestions. Next slide.

Here is a graphical presentation of
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results. It takes a little explanation here because
we couldn't put everything on it. W cut off the
| abel s here because they're fairly sel f- explanatory.
These are mols, so this is fracture of the nols right
here. And we're show ng ani ons because they're nost
i nteresting. W have two figures here. This is
called the single-cell results, and this is the
infinite cells results with good separation

Now what ' s ki nd of confusing, if you have
a single-cell within the bounds of our sinple nodel,
t he evaporati on sequence, you go up and dilute the
concentrated, and when we rehydrate this reverses
itself, this repository cools down, so it's pretty
strai ght f orward.

Now the infinite series, what happens is
during evaporation, the mnerals precipitate and
they're not |onger available, so the evaporation
sequence is the sane for both of them But |ater on
with the infinite series, everything is physically
separate. Therehydrationis conpletely different, so
this is rehydration of the infinite series, and this
is evaporation in the infinite series, and both ways
on the single- cell. So let's |ook at sonme of the
resul ts.

We see here for the single-cell, there's
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Chloride right there. There's Nitrate. W see about
a 10 to 1 or thereabouts at this point of Chloride to
Nitrate, soit's gettingalittle bit aggressive. And
that it evolves into a nore fable situation. If you
look at the infinite cells results, these are
physically separated, different |ocations now, so
we're not really specifying the concentration.

We see in sonme places we have the Bicarb
nostly, some Sulfate waters. One point we get a pure
Chl oride pretty nuch, called the ani ons, and out here
farther we have a mxture of Chloride and Nitrate.
Next sl i de.

DR LATAN SI ON: Just a point of
i nf ormati on.

DR WALTON: Yes, sir.

DR. LATANI SION: You're characterizingthe
Nitrate Chloride m x as bei ng aggressi ve. Wat do you
mean? Wen it's 100 percent Chloride, you consider
t hat --

DR WALTON: Well, I'mtrying not to be
too specific about that and let you judge for
yoursel f. Some peopl e believe that when it gets over
about 5 to 1, Chloride would be nore aggressive, but
l"mreally not trying to nake a statenment there. |I'm

just -- okay.
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Let's just go ahead and skip this slide.
There are a lot of ways that we can present the
results, and | think that's a |less interesting way.
W can also show the cations. In this case, the
cations, it looks like it's been evolved towards a
mag- chloride systemif we let it go far enough. Next
slide.

Here's the Pai nt brush Tuff, the different
source water, same sort of calculation. Single-cel
m xi ng tank, we get quite a bit of Nitrate out there,
sone Chloride, ratio about 10 to 1. On the infinite
cellsit'salittle bit nore interesting. W get the
physi cal separation. Qut here we get sone pretty nice
waters we |ike, and out here we get, it's just 100
percent Chloride for the anion. Next slide.

Here' s precipitation, another possibility.
W look for the single-cell, and we get lots of
Nitrate the whole time here. It | ooks real nice, like
that one. For theinfinite cells, we get the Chloride
and Nitrate are pretty well m xed out here. And back
in here in the |l ess concentrated areas, we get bands
of Chloride, so we get quite a bit of Chloride. Next
slide.

This is a mxture of precipitation and

Pai nt brush Tuff. | believe what we did is concentrate
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the precipitation a factor of 10 to 100 and t hen m xed
the two together. O herw se, just basedto dilutethe
source water. Single-cell | ooks pretty good. Infinite
cells, we get sonme area with sone Fl uori de, and we get
one little band of pure Chloride. Next slide.
Another issue is how long do these
processes occur? What's the timng? And | think
there's a fair amount of uncertainty on timng which
these will occur. Natural breathing of the nountain,
| mean this was rai sed yesterday. It's not clear that
natural breathing of the nountainis fully considered
t he nodel, so nost of the nodels are designed to be
fairly conservative, and nost people believe it's
conservative if you have nore water, greater relative
hum dity. And construction i ncreases air
permeability, evenif we seal thedrifts, and so there

i s sone question about howlong this pure -- Joe Payer

showed us the other day where we'll have significant
evaporation wll [ast. | think there's a good
argunent to be nade that it'll |ast nuch | onger in the

proj ections we see.

Also, <climte <could be drier than
anticipated. People don't tend to do down-turns in
climates, does up-turn in climte. And you could

question whether -- what's really conservative,
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because for the nost part, corrosion processes occur
nost rapidly in the mxed wetted area, where the
relative humdities are at up to 100 percent. This
transport occurs nost rapidly when you get a |ot of
water, and so to ny view, the worst case is when you
get a long period of fairly low relative humdity
followed by a wet period. Next slide.

And this is just a pretty picture that
shows sonme nice banding. All of this is really
tenperate effect. Next slide. Now this is a
transition to a little change of pace a little bit.
This just | ooks at one of the assunptions that we're
all mking. W nmade the sane assunption in the
calculations | just showed you. Here we |ooked at
precipitations. There's precipitation right there.
And if we evaporate that precipitation, there' s the
evaporation line between Nitrate and Chl ori de.

Down bel ow, applied the actual data from
Nye County Wells, so this is what everybody is
assum ng. And this is what we see in the ground
wat er, so you could debate how well that is, but I
think it's instructive to at l|east |ook at what
limted data we have, and they don't tend to match our
assunptions very well. Next slide.

Goup 1, Goup 2, Goup 3is a different
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subject. Conclusions, if you Ilook at physica
separation process. |If you wal k around where those
are residing, youlook inthe overhangs, you | ook back
in nooks and crannies that are protected from
precipitation and you see this physical separation,
just all over the place. It's common. |It's going to
occur. You see it along the RRo Grande in the wi nter
down in El Paso, because the flows are very |ow and
you get salts building up al ong the banks. Produces a
wi de range of water chem stry, potentially aggressive
environnments, certainly high spatial and tenporal
ability. How long is extended tine, | think is an
open questi on. And | ooks at a subset of the
antici pated processes that could affect the water
chem stry. Look at one sinple one, physica
separation. There are other things out there like
bi ol ogi cal processes that are also inportant, we
didn't look at. Thank you.

DR. GARRI CK: Questions? Yes. o ahead,
Joe.

DR. PAYER John, just a question. Again,
t he approach and the goals of this work | think are
right on, so | applaud you for that. The -- how do
you deal wth the issue of what is going to

precipitate, and when it precipitates, and the
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t her nodynam c dat abase and bri nes, and t hi ngs of that
sort? It's always a challenge, so ny question is,
just what do you do to --

DR. WALTON: Okay. VWhat we did was, is
that's why I was car ef ul to | abel it
sem -quantitative. What we did is, we had a very
si nmpl e nodel , just assunes -- you know, doesn't tally
for activity coefficients, just takes the common salts
t hat peopl e have sai d m ght be there, and we put those
in the list. And then when they're super-saturated,
precipitate imrediately. Okay? So it's very
sinmplistic.

DR. PAYER As single salts or m xtures of
salts?

DR. WALTON: Wl l, what happens is, is
m xtures precipitate, and that's why when you
rehydrate themyou get like Chloride and Nitrate come
t oget her. So at each step, for exanple, Sodium
Chl oride and SodiumN trate are going to precipitate,
they precipitate together, so things are allowed to
precipitate together, but there's nothing like salt
solution or anything conplicated |ike that.

DR GARRICK: Any other questions from
anybody? Thank you very nmuch. Al right. Qur next

speaker, his nane ought to have sonmething |i ke Baron
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or Lordin front of it, it's such a great nane. It's
Engl ebricht von Tiesenhausen, representing dark
County. We've seen Engl ebricht at many, many of our
nmeeti ngs. He's no newconer to the Committee, for
sure. Maybe we'll make you a Baron

MR VON Tl ESENHAUSEN: First, I'dlike to
poi nt out, I'mnot an expert on anything. | just like
to try to understand the systemnore as a generali st
t han an expert.

Don Shettel's presentation kind of stole
some of ny points, but reinforced others, sol want to
thank himfor that. And Dr. Payer, | think, nmade sone
really good points as to what we need to be worried
about in the near-field environment. And one of the
nore inmportant ones for us to consider, the m xed
speci es effects, and not to | ook at particul ar speci es
inisolation. Qur concerns are basically repository
tenperature, it's effect on coupl ed processes, and |
will only mention corrosion in passing. | won't go
into details. Next slide, please.

That tenperatures have been a concern for
a long tine is pretty obvious. The ACNW in their
astuteness wote aletter to Meserve, and exhorted t he
Staff to continue to look at chem cal issues

associ ated with repository tenperatures designs. Now
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this is kind of out of context, but it was a statenent
that was nmade. Next slide, please.

DCE recently updated a | ot of their work,
but they i ssued a Wiite Paper in 2002 where they said
the uncertainty in total dose is larger than the
di fference between operating nmols. And this is the
HTOM or the LTOM or the high tenperature/low
tenperature repository. And also, at the total
systens |l evel, the differenceis not significant. Now
to nme saying that the uncertainty in total base is
| arger than the difference is not a very conforting
statenment, because it can be practically anything.
Next slide, please.

The TRB has al so been concerned about
temperature repository nodeling, the tenperature
differences. And this is a statement by Dr. Cohon
whi ch he made in 2001. ["l11 try to hurry through
this. Next slide, please.

Qur concerns persist, and that's really
the only thing | want to say. | also want to add at
this point intinethat we share Nye County's concerns
with the use of J-13 water for the corrosion tests.
And we feel that this is aconcernthat we really need
to address in a little nore detail. Next sli de,

pl ease.
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This is just -- you' ve seen this slide
before. | borrowed it fromDCOE. |'m not capable of
putting toget her graphics that | ook that nice. Andit
isreally just to show how high the tenperatures are,
and t o understand t hat at t hese el evat ed t enper at ur es,
there are al nost no kinetic data, and thernodynam c
data are sparse. Next slide.

Lot of people liketo quote fanpus persons
fromAntiquity. | quoted sone individuals relatedto
the NRC, and the understandi ng of coupl ed processes.
You can read themfor yourself. And those are actual
quotes. The nanes shall remai n anonynous.

The State of Nevada gave a simlar
presentation of the one they gave today on their
evol ution of waters, Vadose Zone versus J-13. Thisis
an i ssue that's al so been brought out in the paper by
Rosenberg, Godowski and Knauss, al so | ooked at this.
And they |l ooked at it at |ower tenperatures, bel ow
boiling tenperatures. And the only comment | really
want to nmake is that there seens to be enough data to
show that the end points in J-13 water and the end
points in Vadose Zone water or pore water are
different. And that's as far as | want to go with
that statenment. Next slide, please.

When we | ook at water chemi stry in the
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near-field, | think it is very inmportant to consider
the influence of dust, and that really hasn't been
addressed too much. And | amthe proud recipient, |
shoul d say, of sone prelimnary data from the USGS
where t hey have | ooked at this issue. The tables are
i n your handout. This is sone conpositions. [|'lI
show you some data. | won't spend a lot of tine
di scussing it, because it would take ne all day to go
through it in detail. | think it is sonething that
really needs to be consi dered when we | ook at what the
envi ronnent on the waste package is. W don't just
have any water wunaffected by dust on the waste
package. Chem stry of the water will be noderated by
the dust that is there.

Now j ust next slide, please. And these
are just sonme conpositions of dust anal yses, and as |

said, there isn't enough tinme to go through them

Next slide. You'l| see that there are other
compounds. Approxi mately one-half percent of the
total dust is water soluble, so it wll have an
ef fect. That's an average nunber. Next sli de,

pl ease. These are nore of the water sol ubl e conpounds
of the ionic species and el enents that you'll find.
Next sl i de.

This kind of, | think, clearly shows that
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we have al nost prinordial soup sitting on the waste
package. These are all trace elenments that you'l
likely find in the water when you | ook at -- when you
have to | ook at corrosi on processes, when you | ook at
realistic corrosion processes. And | guess -- next
slide, please.

My point isreally that | don't think the
know edge base is there to look at fully coupled
t herno hydrol ogi cal chem cal corrosion processes at
t hese high tenmperatures. It isn't the data, either
kinetic - definitely not kinetic, certainly not even
within the dynamic data that's necessary. The
environnents are going to be extrenely conplex. And
with that degree of conplexity, | don't knowif it's
even possible to arrive at the reasonabl e bounding
anal ysis. And Shettel already nmade the | ast comment,
so |l won't go into that any nore.

But what's the solution, you know. | f
you' re an engi neer and you run up agai nst the probl em
that you can't reasonably engi neer your way around,
you |l ook for maybe a different location if you're
bui l ding a bridge, you |l ook at sonething else. And to
me it would be to go | ower tenperatures, and do away
with a lot of these very critical issues that affect

base package performance. And that's really all |
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have to say.

DR. GARRI CK: Okay. Engelbricht, you' ve
identified a nunber of areas where you think better
data would put us in a nuch better know edge with
respect to the adequacy of the site. Do you have any
views on the feasibility of such data bei ng obtai ned
in areasonable tinme? What's your -- are we tal king
about a problemhere that's, fromyour perspectiveis
sol vabl e, or are we tal ki ng about sonethingthat is --
woul d take 100 years to do?

MR. VON TIESENHAUSEN: | don't think it

woul d take 100 years, but certainly with the tine

frame available, | don't think -- in the tenperatures
under consideration, | don't think it's possible to
get that data. | think if DOE had started, | believe

one, you know, funding nmaybe progranms at the
universities to look at thernodynam c issues and
ki netic issues, maybe we'd get alittle further ahead.
| don't think nowwith |license application supposedly
going forward it can be had.

DR. GARRI CK: Yeah. Go ahead, Dr. Bull en.

DR. BULLEN: This novel ideato goto |ow
tenperatures is very interesting. How low is | ow
enough in your opinion, Engelbricht?

MR, VON TI ESENHAUSEN: That's a very
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difficult i ssue, and you |l ook at DCE' s | owt enperature
design and the average is around 80 degrees
Centigrade. And that nay not, as an average that may
-- as an upper bound t hat nay be good. As an average,
t hat may not be good enough. That's kind of ny take
on it.

DR. GARRI CK: Maury, go ahead.

DR. MORGENSTEI N Yeah. | was just trying
to think about followi ng up on Dan's questi on about
how |l ow? And | was going to try to get Don back here
and ask himwhat the stability field for Tachyhydrite
was. How -- Don, do you know? |'msorry. Do you know
what the low limt is on Tachyhydrite stability
t enrper at ur e- W se?

DR SHETTEL: 22 degrees C. And t hat
clinbs up to 165 or nore, so it has quite a large
tenperature range of stability.

DR. MORGENSTEIN: Geat. Thanks. Well,
"1l pass.

MR. VON Tl ESENHAUSEN: | guess the only
comment | woul d have is if you | ook at everythi ng t hat
is there, what were uniform

DR GARRI CK: Just a nonent. Rod, you
pass? Any other questions? ay. Thank you very

much.
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Qur next speaker represents the Las Vegas
Paiute Tribe, Atef Eizeftawy. 1s he here? Ch, there
he is.

DR ELZEFTAWY: M children tell nme that
| " mtechnically chall enged. Two seconds about my bi o.
| was born in Al exandria, Egypt sone years ago, and in
1964 | got a Bachel or Degree fromthe University of
Al exandria in Ag Engi neering. And 68/69 | got Ph.D.
fromthere in Hydrol ogy, and ny profession was taken
away by the police because he expressed his strong
opi ni on agai nst the war during that tine in Egypt, and
so | cane, without getting the Ph.D. approved, and |
went to the University of Floridato get another Ph.D.
in Soil Physics. M Master from Egypt was also in
Soil Physics, or what we call it, the Unsaturated

Zone, Hydrol ogy and nodeling and all that. So after

| finished the University of Florida, | noved on to
the University of Illinois to become an Assistant
Professor working with Civil Engineering for the

program and trying to nodel i ng the wat er, unsaturated
flow, salt, and t enper at ure under neat h t he hi ghways of
the United States, especially in the m dwest.

Then | got the opportunity to nove to Las
Vegas, Nevada to work as an Associ ate Professor with

the Desert Research Institute. That's where | got
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i nvolved into the high-level waste and so on. And
then | cane to work for the NRC Staff for three years.
Stopped back then, and | didn't like living in
Washi ngton, D.C. a whol e | ot because | al ways had this
thing in ny hand. M hands get sweaty all the tine
for the humdity, so | went back to the dry west, and
wor ked for the state, a small consulting firm

And just before | came, | wanted to see
what | did, and | | ooked at the mi scel | aneous of these
comments. And one of ny coments way back there, says
the DOE at the tinme, tal ki ng about Yucca Mount ai n, was
sayi ng the downward fl ow of the unsaturated zone was
one mllimeter flux, and then the upward vapor flow
was nore than that. | made the cal culations and |
t hought oh, boy, the Yucca Mountain is drying out by
itself, so that's good place to put the waste.
Qovi ously, that was sort of a joke.

Anyway, |'m not here to present a
techni cal presentation. |I'mhere on behalf of Goria
Her nandez. She's our Chairperson of the Tribe, and
before | start, | think | need to give you one second
or two, hopefully about the Native Anerican Tri be.
When | becane a citizen 30 years ago, | had no idea
about the Native Anmerican, their plight and so on.

But today, we knowthat they do alot of ganmbling. W
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have a lot of casinos, and they have sone noney.
Well, there are 600, for you who do not know, there
are 600 federally recogni zed tracts across the United
St at es. Most of them are on the Wst Coast. In
Nevada there are 24 tribes, in California there are
probably 30 tribes, and in Arizona m ght be about 10
or 15. Most tribes are recognized by the United
States as it sits here as a federally recognized
sovereign nation in the United States. I n ot her
wor ds, they do what ever they want to do i ndependent of
the United States governnent. They have their own
constitution ratified by the Congress of the United
States. They have their own el ection process, and
t hey have their own governnent. They pass their own
l aw, and during the | ast six, seven years, they were
given the -- well, the freedom from EPA to provide
t heir own environnental prograns and so on.

Wll, tomake it alittle bit shorter than
that -- oh, one other point. Sone of those tribes
have no | and what soever, honel ess, call it that way.
Sonme tri bes have an acre piece of land. Sone tribes
as the Hopi or the Navaj o has | ess than one- fourth or
20 percent of the State of Arizona, so that gives you
the range anyway, if you are fromthe east and you

don't know what's going on in the west.
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Two years ago, probably about two years
ago the -- since |I'm the Environnental and Water
Consultant for the tribe, two years ago the
chai rperson t hought that well, we should really | ook
at this Yucca Mountain thing. Started to heat up and
so the Interstate 95 is crossing the 4,000 acre piece
of land that they're sovereign, or have their own
sovereignty on it. Anyway, so knowi ng that | have a
little bit background in that program they said why
don't you look at that? | said okay, | wll, but
who's going to pay ny noney. Said well, you're not
goi ng to have any noney fromus, so | | ooked for them
and | neet with them They pay ne in sone other
project, but this particular programl just don't get
athing. So a couple of weeks ago, G oria said well,
here's the noney. You need to go and read this piece
of paper that | give you over there. And if you are
alawer, you' re quite wel cone to conme because | think
they hired a | awer today, and t hey gave hi msone nice
six figures contract for five years to cone, snart
guy.

So before I go on, | want to nmke one
comment on her behal f. W would Ilike to say thank you
on the record for the Chair of the United States

Regul at ory Conmm ssi on who generously gave about an
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hour, hour and a half of his tine in Las Vegas to neet
with the Chairman of the Tribe and the Vice Chairnman
inthe presence of John G eeves. AndI'dlike alsoto
say thank you for Marty Virgilio, sonethinglike that.
| don't renmenber his |ast nane, and John Greeves for
taking the tinme and neeting with us al so. And anot her
conmpl i ment for Comm ssioner Merrifield, who took the
ti me and spent four or five hours with us visiting Las
Vegas and visiting our |and.

A coupl e of comrents that she had witten
here, which are getting better. And it reads, "No
gover nment -t o- gover nnent consultation or interaction
according to the Presidential Executive Order." The
Tribe of the United States CGovernnent |ikes to have
their standard upgraded alittle bit and be treated as
equally to the states. They do in many i nstances, and
she al so wote here that, "As a federally recogni zed
Tribe, we should be allowed to play a major role in
the Yucca Mountain Programas stated in the Nucl ear
Waste Policy Act.”

Anot her point here, she said that, "W
started to get sone fragnented information now and
then fromthe NRC. W haven't got a thing fromthe
DCE, even t hough we knocked on t heir doors a coupl e of

times." Sone of the maj or concerns, not technical but
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| don't want to claimto be a technical person here
because | don't want to field your shots. And you're
shooting at one another real nice.

Her point here was, when | explained to
her about the background of the site, that if the site
was put together as a geologic repository, it should
be a geol ogi c repository, not engi neering repository.
And they are firmon that.

Al so | ooki ng at the DOE Total Perfornmance
Assessnent, when | explained to her in layman terns
about the nodeling and the total system perfornmance
and so, and she wote here, her words, "Accepting the
DCE Tot al Perfornmance Conput er Assessnent as a net hod
of testing and evaluating the suitability of the Yucca
Mountain site is not - underlined - acceptable to the
Tribe.”" 1In other words, don't do it by the conputer
and say well, it looks fine. You should have data.
You shoul d have things that real ly suppl enent all that
deci sion when it conmes to the politics of it.

She also said, "They feel - that's the
Council - they feel that the NRC and NRC Staff shoul d
play their independence role as specified in the
Nucl ear Waste Policy Act, which neans that the NRC
shoul d not nodify the CFRto fit the techni cal probl em

with the DOE Yucca Mountain Program And if the NRC
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does, that is not acceptable to the tribe." So with
that, I will end ny presentation to you, and if you
have any question, I'Il be glad to answer them If you
don't, I will just sit down, in a couple of hours fly
back.

Thank you for the pl easure of being here.
| left in 1987, and | never regret it. So thank you
for the tine. Cone to visit us, and so that's all |
want to say. Good luck to you. It looks Iike you
have a | ot of good brains and good people, and all
that, so we'll -- | want to thank you again.

DR. GARRI CK: Thank you. Anybody have any
guesti ons before he | eaves t he podi un? Thank you very
much. W hope to see you again.

Qur next speaker is not fromthe State of
Nevada, but from the Electric Power Research
Institute, and i s al so sonebody we' ve heard frommany
ti mes, and al ways makes an i nportant contri bution, and
that's John Kessler from EPRI .

MR. KESSLER: While | share Engel bricht's
heritage in ternms of l|ast nanes, unfortunately the
interpretation of Kessler is Kettlemaker, so Sir
Kettl| emaker doesn't cone across.

| thought | want to say not quite

something for conpletely -- that's conpletely
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different, but I'd alnost Ilike to bring this
di scussion full circle back to sone thenes that |
t hink Abe Van Luik started with yesterday norning,
trying to touch on when realismis and isn't needed in
TSPAs, how this fits back into the [Iicensing
envi ronnent that we're in. And one of ny intents here
is to provide you an exanple of a non-realism how
t hat works through, what the potential inplications
are, and why we nmake care or not care that we have
that unrealism Next viewgraph, please.

Sol'dlike to talk about why realismis
useful, although | can certainly with this crowd skip
that bullet. Wy full realismis not al ways necessary
is sonething 1'd like to touch on, and then the
guestion is howmnuch realismis needed for a TSPA used
for Yucca Mountain |icensing purposes, and perhaps a
bit on the process by which inproved realismcan be
achi eved. Next vi ewgraph.

Back where Abe went, because after all
while all this discussion of realism and getting
nodel s right is all nice, the point of all of thisis
potentially to develop a repository that has to go
t hrough a licensing process with a | ot of approaches
and baggage that goes with that. Repeating | think

what Abe started here is TSPA regul atory requirenments
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inPart 63.2, what is it the TSPA should do? Identify

dept hs and sequences of events over 10, 000 years and
their probabilities of occurrence, exam ne the effects
of the above on performance. That's a subjective
thing at this point except with a few quantitative
criteria along the way, at least in terns of making a
safety case it can projected. Probability weighted
dose estimates, plus uncertainties to the reasonably
maxi mal |y exposed individual. Ildentification in
defense of multiple barriers is another thing that's
inthere. TimMCartin had sone anal ysis that tal ked
about potential ways of defending, or at |[east
identifying the multiple barriers, as did Peter Sw ft
in his talks.

| want to argue that the main regul atory
requirenent here is reasonable expectation of
conmpliance with individual dose |limts, and maxi num
concentration limts, or MCLs here. This is really
what it's all about in ternms of realism versus
potential l|ack of realism is that in the end, NRC s
going to have to have a reasonabl e expectation that
Yucca Mountain is safe in terns of conplying with
i ndi vidual dose |limts and MCLs.

The "reasonabl e expectation"” term EPA

tried to take sone pain to distinguish that from
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reasonabl e assurance, in the sense that they said they
wer e wor ds t hat EPA used about trying to devel op nore
best estimate nodels. And as | think in Abe's talk
al so about not trying to | eave out things just because
they're difficult. However, conservative approaches
are okay as long as there's still conpliance, | think
is a potential option that we have here.

TSPA is also a tool for managenent and
understanding, we hope, to evaluate existing
know edge. W want to develop uncertainties and
variabilities. TSPAis usedto provide anestimate to
t he range of possibl e behavior, and when we do this,
it's best if the uncertainties and variabilities are
not bi ased. That is, when we're trying to cone upwith
this whole range to devel op our know edge base, if
we' re bi asi ng our uncertainty ranges or picking maybe
a single value that what we think is pessim stic, then
we tend to start biasing that in ternms of eval uating
exi sting knowl edge. And that's nore inportant when
we're trying to identify which parts of the systemor
features, events and processes matter. | put "matter”
in quotes there, because certainly that's partially
subj ecti ve.

For exanpl e, does t he particul ar behavi or

of a system is there a significant change in the
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probability weighted dose, or | call it the dose risk
interns of estimate. The BSC, DOE s contractor, used
a plus or mnus 1 mllirem is potentially a
significant changeintherisk prioritizationreport.
That' s certainly subjective fromour standpoi nt. That
seens reasonabl e, as a sonmewhat arbitrary quantitative
mar ker of identifying what's significant.

You can use this kind of thing to devel op
candidate barriers, and identify which ones are
i mportant candi date barriers. |f that barrier effect
matters, and the uncertainty is high, then it should
be the focus of attention. And then the question is
what about the others? Next viewgraph, please.

One can, as you' ve seen fromsone of the
DCE presentations, counter sonme of the uncertainties
with conservatism or pessinistic assunptions here.
Can we do that? The advantages of doing it, | believe
Abe nmentioned, as did afewothers. It's often easier
to defend, especially during licensing. 1t could be
sufficiently robust for the adjudi catory process; that
is, that sometinmes it's very hard to nail down what
the real value is, or the real range is. But given
that this is going to be a licensing process with an
adj udi catory process at the end, it will be easier

sonetinmes to defend a pessim stic assunption in sone
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cases.

It can serve to provide boundaries for
license conditions. Again, John Garrick nentioned
this idea of, you know, mai ntenance rules. There are
going to be other licensing conditions. Potentially
that's all used in the process. And then there's a
connection to performance confirmation, and the idea
is, is that you may want to just have a performance
confirmation activity that tries to "confirnm' that
sonething i s no worse than a certain kind of behavi or,
rather than trying to develop a perfornmance
confirmation activity that tries toidentify what the
true behavior i s. Again, performance confirmation and
license conditions are likely to be very strongly
i nked.

Pitfalls with wusing conservatisns or
pessim stic assunptions is it may distort which part
or parts of the systemmatter. It will distort the
relative inportance of individual parts or the
i ndi vidual barriers. And before we nove on to the
next vi ewgraph, I' mgoing to provi de an exanpl e of the
ef fects of one particul ar conservative approachthat's
on near-field diffusion.

Wen | go through sone results and

sensitivities of the next set of viewgraphs which are

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

139

fromsone EPRI performance assessnent work, the point
is that I'mtrying to make a point about how this
conservatism mght bias the results, rather than
necessarily giving nmy limted time going into the
details of why the curves that we've got | ook the way
t hey do. Next viewgraph, please.

kay. One particularly conservative or
pessim stic exanple is the diffusive rel ease nodel in
our recent | MARC-7 TSPA code. Background, | think
you' ve probably got it already, so I'll whiz through
this, but afewcontainers are expected to be actively
dri pped on, sothat tends tolimt the rel ease due to
advecti on where we woul d expect perhaps the majority
of the containers woul d not get dripped on. However,
nost containers wll eventually be in humd air
conditions as we've heard about. These thin fil s of
wat er coati ng exposed surfaces are a possibility, and
this facilitates rel ease due to diffusion if you have
a continuous water pathway all the way through

Qur current pessim stic assunpti ons about
di ffusive release are here. W assunme excell ent
contact between all the engineered barrier system
regi ons. You can read them all there, and the
surrounding rock. In reality, there's likely to be

poor contact. W also assune that there's nultiple
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conti nuous wat er pathways through the EDS, where in
reality there's likely to be nore limted continuous
pat hways. Dave Esh mentionedthis in his presentation
yesterday, and in terns of at | east for the TPA nodel,
some assunptions t hey nmade about t he anmobunt of contact
or continuous pathways that were different than what
we' ve got here. Next viewgraph, please.

For a single failed container wth
advective and di ffusi ve rel eases, what we have hereis
for -- we're |l ooking at two different species, |odine
129 and Neptuni um 237, where the |odi ne has a hi gher
solubility than the Neptunium And what we see is
that for lodine due to -- for Neptuniumadvection we
get this anount of release in terns of nols per year.
For 1lodine advection we get here. For 1odine
diffusion, this is the release. And why it's higher
t han Neptunium and why it's got the double hunp, we
have a certain amount of cladding that fails early,
and then we have nore cladding that fails later
because we do take credit for cladding. And for
Neptuniumit tend to -- you have a solubility limt
here. The idea is that we have a higher solubility
for lodine that tends to drive nore di ffusive rel ease
conmpared to Neptunium Next viewgraph, please.

So now we | ook across the repository. W
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take i nt o account that only sonme of the containers get
dri pped on, where nore of the containers nay be fail ed
but are subject to diffusive release. So let's | ook
at this lodine 129 species, highly soluble, [|ow
absorption that tends to nove t hrough the system What
we see is in our nodel where we have all these well -
connected diffusive pathways, we actually on a
repository-w de basi s have nore di ffusive rel ease for
this high solubility, |ow absorption species than we
do for advective rel ease i n our nodel . Next vi ewgraph.

For Neptunium the situationis the other
way around. We have Neptunium nore solubility
limted, and has nore absorption. And here we see
t hat advective rel ease does dom nant diffusive. Next
vi ewgr aph.

So putting it all together here, this is
our primary result fromour base case normal rel ease
scenario. It doesn't include igneous activity. W
al so do not yet have colloid transport in our nodel.
The point is that for our nom nal rel ease scenari o, at
10, 000 years we're at something |ike 10 to the m nus
3 mlliremper year the RVEI, so in a way we' ve got
this kind of margin. Actually, | should have brought
this bar up to 15 which is up here, so we're sonet hi ng

like 10 to the 4th lower than the Part 63 limt.
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However, this 10,000 year peak is estimted strongly
by our conservative diffusion nodel, because you see
t hat those two radi onuclides that dom nate this early
peak are | odi ne and Techneti um and t hose are rel eased
predom nantly by diffusion in our particular nodel.
Next viewgraph, please.

So what's the effect of that particul ar
conservative assunption? It affects the relative
i mportance of the unsaturated zone and the saturated
zone, because as it's been pointed out, thisis a case
wher e we have basically a pul se rel ease at year 1, 000,
and we want to track through the system Basically,
what we're saying here is that |odine conmes through
faster than Neptunium and if we're already
over - enphasi zi ng t he rel ease of | odi ne and Techneti um
we're tending to under- enphasize the relative
i mportance of the saturated zone and t he unsaturated
zone for retarding the species had we done a nore
realistic case of release fromthe EDS

Pl utonium here, we released it and it
doesn't even show up. It gets attenuated in the UZ,
primarily the SZ. Next viewgraph. So the summary of
the UZ and SZ travel tines for the unsaturated zone
bel owthe repository, we get ranges of travel tinmes in

the 1, 200 and 3, 000 years. The point for this exanple
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is that it's radio elenent and infiltration rate
dependent. For |odine and Technetium that in our
nodel have di ffusive rel ease dom nated, they're at the
| ower end of the range. For Neptunium and Pl utonium
t hat are nore advective rel ease dom nated, it's at the
hi gher end of the range. You can see that our
conservati ve assunptionin one area may be bi asing t he
rel ative inportance of another area.

Sat ur at ed Zone, we're seeing travel tinmes
of 5,000 to greater than 9,000 years. Again, sane
t hi ng. | odi ne and Technetium -- excuse ne. Fi ve
hundred | shoul d say here. 1 odine and Technetiumtend
to have travel tines in the |ower end of the range,
Nept uni um and Plutonium at the higher end of the
range. So t he concl usion here that we woul d get better
relative wunsaturated zone and saturated zone
performance if we had used a nore realistic diffusive
rel ease nodel

Okay. Do we care? Next vi ewgraph,
pl ease. | want to back up and say, you know, what's
the relevance of these pessim stic approaches. I
think it needs to be said, given the panel that's
assenbled here, the Yucca Muwuntain Project is not
fundanmentally a research project. W're not out to

know everythi ng about everything. W need to know
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what i s necessary to provi de reasonabl e expect ati ons,
reasonabl e assurance, confidence that the Yucca
Mount ai n repository is going to be safe. And in this
case froma regul atory standpoi nt, we neasure safety
by the particul ar quantitativelimts that are applied
in this case. So the purpose is to provide this
reasonabl e expectati on t hat Yucca Mount ai n systemw | |
protect human heal th. Next viewgraph, please.

| woul d argue thenthat it's okay to | eave
high uncertainty or replace wth pessimstic
assunptions if it doesn't nmatter to overall
performance assessnment of perfornmance. And the
corollary that's inportant, and certainly needs to be
di scussed, and has been di scussed here i s that we need
to be confident, reasonable expectation so we know
some parts do not matter. So if we're going to apply
some conservatismrealisnms in one place, we need to
under st and what the i nplications are to make sure t hat
we know sonme parts do not matter

Conpliance can be -- it may be al so okay
to use high uncertainty in place of pessimstic
assunptions i f conpliance can be denonstrated anyway.
That's the concept of that use of margin. |If you're
wel | below, and if you can stay belowthe dose |imt,

why do you need to sharpen your pencil nore, is the
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basi ¢ question here. So you could replace with a nore
realistic nodel, would only result in nore margin. |
go back to that exanple of the EPRI conservative
di ffusion nodel. I1f, for exanple, we replace it with
an approach like Dave Esh showed in his talk
yest erday, we'd probably | ower those 10, 000 year dose
nunbers by another two orders of magnitude, so we're
down from10 to the minus 3 mlliremper year, to 10
tothe mnus 5 mlliremper year. Oneis really | ow,
the other is incredibly low | think at this point,
DCE has -- it should be allowed to ask the questi on,
why should we bother? Wiy should we spend the
resources to do that? If there's another good reason
todoit, fine. But it's not clear tone it has to be
done.

On the ot her hand, additional work could
be done to i ncrease the confidence if it's desired for
what ever reason. Performance confirmation activities
are one way of doing it. Analog studies over the
short-term and the long-term are other ways of
reducing uncertainties, increasing confidence if
necessary. And over the | onger run, pessim smcan be
replaced with nore realism at the time when nore
confidence is required, perhaps at a | ater stage of

t he repository devel opnent.
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For exanple, say we -- at this stage, DOE
m ght be asking for to construct the repository.
They're not calling on the natural barriers to be
relied onuntil alater tinme. They have nore tinme to
increase their confidence or increase NRC s
confidence. That's what we're tal king about in the
sense t hat some of this can be repl aced over the right
period of the repository developnment given the
relative inmportance of a particular barrier at the
time that the repository is being devel oped. Next
vi ewgr aph, pl ease.

So the conclusion is that pessimsm or
conservatismhas its place. Realismis inportant for
management pur poses. | f the managenent needs to
identify what is inportant without bias, they need to
do that to focus resources. Sone pessimstic
approaches will need to be built into the TSPA nodel
for licensing purposes. DOE will need to establish
robustness for the adjudicatory process. It is an
adj udi catory process. That is reality, in a sense.
That is what is going to be required, to provide
boundaries for |icense conditions, and to provide
reasonabl e expectation |evel of confidence and
conpliance with regul ati ons.

The idea is that even the uncertain --
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even when we have uncertainties that will always be
there to sone extent, in the end, NRC needs to be
satisfied with the reasonable expectation that
regul ations will be conplied with. And sonetines,
that will involve the use of conservatism Thank you.

DR. GARRI CK: John, | think maybe to nme an
even nore significant conclusion here is, you've
denonstrated the value of enbracing the notions of
uncertainty. You' ve denonstratedthe val ue of know ng
that if sonething is four, or five, or six, or seven
orders of magnitude uncertain, that if it's a couple
of orders of nagnitude bel owwhat is driving the risk,
or perhaps a conpliance requirenment, that fromthe
poi nt of viewof the analysis you're trying to do, the
anal ysis that led you to the five or seven orders of
magni tude of wuncertainty is adequate. And to ne,
that's the nost inportant issue. It's not so nuch
knowi ng whet her your pessimistic or conservative.
It's knowi ng what the uncertainties are, it seens to
me. Go ahead, Dan.

DR. BULLEN. Dan Bullen, TRB. | really
enj oyed your presentation, although | have a question
about your pessim snf conservati smanal yses. As you do
a TSPA |li ke | MARC or TPA or TSPA, how do you convi nce

yoursel f that you aren't masking an effect that is
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over-sinplifying the results, leading you to a
conclusion that may or may not be physically real.
And how do you address those types of concerns as you
| ook at, for exanple, the source termissue that we're
trying to address here?

MR. KESSLER: W do lots of sensitivity
studies. W try to use expert judgnment in the sense
that in sonme cases you don't have a good handle on
what the realistic value is, or the best estimate
value is. In sonme cases, there's just -- you may have
a better handl e on not necessarily boundi ng, but near
boundi ng cases. W' |l use judgnent to suggest well,
it's probably in this range. W m ght use that val ue
or range of values in what we think is probably a
better estimte of what we think reality is, rerun our
sensitivities and try to get some understanding then
as to, you know, what got nmasked or what got i nproper
-- got out of balanceinterns of relative inportance,
i f we care about, you know, under standi ng what are the
nost i nportant parts of the systemin terns of their
ef fect on dose risk

CHAI RVAN HORNBERGER: | n ot her words, you
do a nore realistic analysis to see whether or not
your conclusion is justified.

MR, KESSLER: In some cases we try to do
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it. That's right. That's what |I'm saying. You do
t hat as a managenent tool, that we would Ii ke to argue
the way you use -- you do two different perfornmance
assessnments. You may wi nd up doing two performance
assessnments in the end. You may do one performance
assessnent that may fall outside sonme of the bounds of
the QA classes that will need to be used in the
regul atory proceedings to devel op your nanagenent
under st andi ng of what's nobst inportant.

In that case, you might use a l|lot of
expert judgnment that woul dn't necessarily w thstand
t he scrutiny of the regul atory process. Once you have
t hat basis to understand what you think is inportant,
then you devel op your Sunday Best TSPA. O course,
that's in the eye of the behol der, that you think can
wi thstand the |icensing process.

One woul d hope t hat behi nd t he scenes, DCE
has been doing what they think are nore realistic
nodeling to get their handle on what the inportant

parts of the systens are, fromat |east a nanagenent

st andpoi nt .

DR GARRICK: Ron, and then Rod.

DR. LATANISION: |, too, enjoyed hearing
your conments. |'d like to take a very specific case

and see whether or not, or how you would deal with
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this. And I'mthinking particularly of the issue of
the concentration of the environnent, or likely
environnment, or reasonable expectation of what the
environnment would be in terns of the waste package.
How woul d you deal with that? | nmean, we've heard
today from sone -- gosh, who did we hear fronf

MR. KESSLER: John Walton's talk was the
| ast one that tal ked about that.

DR. LATANISION: | think in Don Shettel"s.

MR KESSLER: And then Don's. Right.

DR. LATANI SION: Ri ght, anpng ot hers. But
his view on the concentration phenonena is really
quite different than, for exanple, the Project's view,
or perhaps even NRC s view. |'mnot sure. How would
you deal with that? What | evel -- how woul d you deal
with determining what is a realistic expectation in
terms of the environnent?

MR KESSLER: Well, | need to back-off and
ask nyself first, why do | care? Wy do | care to get
the chem stry right? How does it matter to ne? And
again, | go back in our case to our own set of
barriers which, you know, are sim|ar enough to what
DCE or NRCis thinking about in terns of barriers. |
want to know what's the ultimte inpact on those

barriers, sointhe global sensel'll say | care about

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

151

chem stry because it affects certainly, obviously the
corrosion of, you know, sonme of the things in the
near-field. It'sgoingto affect solubilities and all
things like that, so what | care about is how | ong
does ny waste package |last? How nuch release wll
they get in ternms of, you know, how it affects
solubility limts? Howit mght affect retardation,
in the sense that these are the main indicators of
performance of sone of the barriers.

So after that, then what we do i s | ook at,
you know, how m ght this inpact corrosion. If we say
it could, then it's sonmething that we would want to

ook into. Now I'mnot trying to say exactly how I

woul d address this issue. |"m just trying to say
would | look at this issue. Do we think it's
potentially inportant? Yes. It certainly is

potentially inportant in ternms of --

DR. LATANI SION: Well, giventhat thereis
evi dence that the environnents that are generated by
these very, | would say what would appear to be
extrene condensati on, evap -- concentrati on are shown
to be very corrosive. Fromyour perspective, is this
an i ssue that the Project ought to be exploring in a
different way, perhaps, or in nore detail thanit is

t oday?
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MR. KESSLER: The project ought to be

exploring what they think are plausible conditions
that could | ead to, you know, significant degradation
of what they're thinking of m ght happen for their
cont ai ner performance, so the answer is yes. | nean,
if they feel that this is plausible, they should have
sonme sort of --

DR. LATANI SI ON:  Reasonabl e expectati on.

MR. KESSLER: Well, of course, that's for
NRC to deci de. But the point is, DOE needs to cone in
with their own case as to why they feel what Don and
John presented is or is not reasonable. Certainly,
that would have an effect on what they're making
estimates for container corrosion.

DR. GARRI CK: Rod.

DR. EW NG Great presentation, but of
course, | disagreel think withtheresults abit nore
than sone of the others. And that, | would say
actually to ne what you ve described is not an
iterative PA process, but nore a circular process.
And in the extrenme what | nean by that is, if you
design an analysis that's chem stry-free, and you do
a sensitivity analysis, it's no surprise that
chem stry doesn't matter. And so, certainly for

licensing, you have to identify what matters nost,
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what the uncertainties are, be able to identify and
recogni ze when you make bounding or conservative
calculations, and then you do the sensitivity
analysis. But behind all of that is the assunption
t hat you have a useful nodel. Right?

You start with a nodel, and then if you do
an analysis and you say well, X, Y and Z didn't show
up, that doesn't nmean that they're not inportant. It
could be that the nodel is not very useful for
anal yzing the system So at the end, you nention
nat ural anal ogs but, you know, what | always propose
i s when we have t hese conpl i cat ed nodel s, why not pul
out the nodules and test them either against real
| aboratory data or natural systens, and design
experinments to chall enge the efficacy and useful ness
of the nodels.

MR KESSLER: |'m opposed to that.

DR. EWNG Yeah, but you put that at the
end and with alittleinltalics, "If necessary". It
seens to ne it's absolutely necessary from step one.

MR. KESSLER: It is necessary from step
one in sone areas. |If you want to call this circul ar
or whatever, | nust protest to the comment about
chem stry-free. That's --

DR EWNG | didn't say your nodel was
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chem stry-free. The exanple | used, nmany of these
nodel s nearly are chem stry- free. 1t was an exanpl e.
If you |eave sonmething out and do a sensitivity
anal ysis, don't be surprised that what you |l eft out
turns out not to be inportant.

MR. KESSLER That's absolutely true.

DR EWNG Right.

MR. KESSLER: |If sonmething is left out,
and you don't do it, and it mght affect your
sensitivity results, that's a problem R ght.

DR. EWNG Because in a real systemyou
have a chance toreally seeif you left sonmething out.

MR. KESSLER: You're right. And ny point
woul d be, is if | care about it, in the sense that |
coul d have sone of these particular barriers, effects
or whatever, | can have, as John was pointing out, a
huge uncertainty range, and it still doesn't affect
dose-risk very nuch

Now that's partially -- that result is
partially frommaki ng assunpti ons about the validity
of all the other parts of ny system And that's
anot her concern that we need to keep track of as we do
all of this. But | would argue that if we have
reasonabl e confidence in nost or all of the other

parts, and we still find that we can have -- you know,
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we can be way off in one area, or we can live within
some huge uncertainty band, | question whether that
really needs to be done.

DR EWNG Let ne give you an exanple
that's, | think, relevant to the discussion today.
Today we're worried about source term because if we
got the source term correct, then everything that
follows would be inproved in principle.

Over the last 20 or 30 years, people have
worked very hard to develop better Borosilicate
gl asses, better waste formgl asses, better alternative
waste form crystalline ceramics and so on. They're
on the shelf, there are alot of inprovenents. And yet
nearly every step of the way, particularly let's say
10, 20 years ago, the statenment was well, we did our
anal ysis, and the waste formdoesn't matter, because
the geology is the barrier. Ckay? And now we're
arrived at the point where the geology is not such an
i mportant barrier, and we're | eft when we | ook at --
t hi nk about the presentations for corrosion of spent
fuels, nodels that are on six data sets. And that's,
| woul d argue, a direct result of sensitivity anal yses
that nmade very optimstic assunptions about the
behavior of different parts of, in this case, the

geol ogy of the systemthat haven't panned out. And so
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| think it's inmportant toreally get into the details
at every level. That's ny speech.

MR, KESSLER: | think that it matters
again only in sone areas if we have sone decent
know edge of a good chunk of the areas.

DR. MORGENSTEI N: Rod, I'd like to sit
right behind you. | would agree. |'m having mjor
problems with sinplest things |ike natural anal ogs,
going toward the concept of natural anal ogs when we
haven't even actually sat at the site and done an
accurate characterization. Don't you want to know and
understand the site before you goto Africato | ook at
&l o? Ganted there's informati on at Okl o that woul d
hel p us in certain aspects, but if we don't know what
the chemistry of the site is, what the chem stry of
the near-field is, what's the difference of what
happens at kKl 0?

MR. KESSLER: You nay be right, you nay be
wr ong.

DR. EW NG Here we disagree. | nmust
interject that. But what I'mreally proposingis that,
you know, there can be many places in the world, you
know, separate fromthe site itself where we coul d ask
very specific questions, take parts out of the

performance assessment, and try it out, see how it
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goes.

MR. KESSLER: |f those things are rel evant
to what we need to know to provide confidence, then
t hat woul d provi de addi ti onal confidence. It's not --
ny take on what Maury said was that if there's
sonet hi ng about doing a nodel, benchmarki ng agai nst
Ol o, that will give us what we need to know about our
nodel s, that provides confidenceina particul ar nodel
t hat underlies an inportant barrier, thenit's useful
to do. It needs to neet all those criteria before we
just godoit, becauseit's nice, because it adds sone

DR EWNG But we could gotothelibrary
and see how difficult it is to do pure chem cal
nodel ing. Hydrology is not - -

MR. KESSLER: The point is that there's
uncertainties inthe nodel. You'retalking about, you
know, maybe t he parti cul ar Neptuni umspeci es t hey used
isn'"t likely to be the right one, or you're sureit's
not the right one. | can understand why t hey nay have
chosen that, because they may feel that it's boundi ng
in the sense that it provides them anong t he hi ghest
solubilities they get, eventhoughit's not likely to
be the right one. That, inny mnd, isn't necessarily

t he wrong appr oach.
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It will, however, give you perhaps sone
wei rdnesses in some of your sub-system perfornance,
i ke was shown by Peter, this idea that you get this,
you know, drop or this discontinuity. That | agreeis
somewhat of a nodeling artifact based on their
assunpti on. However, a discontinuity in that
particular -- running from one particular area to
another isinmportant? | don't know. It's a sub-system
performance criteria. It's not really -- it's
sonething in the mddle that |I'm not sure is
necessarily related to overall safety. W need to be
aware of why it's there. | think Peter pointed out
why it's there. | cane away with appreciating okay,
it's based on their assunption about their solubility
curve versus pH, and what happens at what certain
tinme. And it's nice to know those things, so you
under st and what' s happeni ng i n your nodel. Does that
mean t hat usi ng t hat Neptuni umsol ubility distribution
that they used is wong? It doesn't necessarily nmean
t hat .

DR EWNG \Well, let ne |leave this an
open question, the foll owing. Nowas a reviewer or as
a sci enti st | ooki ng at any performance assessnent, and
not picking on any particular person, | inevitably

would be able to find sonme difficulties. That's
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natural in life, but how many m stakes do | have to
find before we abandon the anal ysis or the site? How
woul d I knowwhen |'ve finally reached t he poi nt where
| can say well, the analysis is not very good?

MR. KESSLER: If you tal k about what' s t he
i nportance of the m stake.

DR. EWNG There you use your nodel, and
then, you know, if | don't accept your nodel, then
we're in this | oop.

DR. GARRI CK: Well, one of the things that
| *mcurious about, Maury saidalittle earlier that --
"1l interpret what he says, that rather than running
off and | ooking at other sites, we've got a site.
Let's look at it, and let's collect data fromit, and
pr oceed.

What | guess ny questionis, are we sayi ng
that the four tosix billion dollars that's been spent
on site characterization was foolishly spent? That
we're coming in late now and criticizing a program
that nay be forthcomng early on, and offered our
advi ce?

DR. MORGENSTEI N: I'd love to speak to
that. Yes. Except that we cane in many years ago and
criticized the program In the early 80s we said a

fracture flowis a fast path. No one |istened, so
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there's sone flaw in the system because we --

DR. GARRI CK: Well, 1 guess what |I'm
getting at --

DR. MORGENSTEIN: We all agree today the
fracture flow --

DR. GARRI CK: The problem is site
characterization --

DR MORGENSTEIN: -- is a fast path.

DR GARRI CK: Yeah

DR. MORGENSTEIN: So it's whet her you deal
with a program that's driven by scientific
information, and whether you deal with a program
that's driven by a political desire to put sonething
in a certain place. | go no further.

DR GARRI CK: And the other thing, you
know -- the issue here is, we've got a site and we' ve
got information about a site, and we've got a nodel,
and how do we bring these two together in a rationa
way to nmake a decision? W're hearing that site
characterization was bad fromsonme people, and we're
hearing that the nodel is bad fromothers. |Is there
an opportunity here to pinpoint the problens with the
both of these things, and such that our |eaders can
make a deci sion?

DR. EW NG My response would be as
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follows. Andit's in the thene of this workshop. The
site characterization -- well, we have the site, we
have a certain | evel of site characterization. In ny
j udgnent, we won't know a | ot nore about the site for
the next 100 million or billion dollars. That's just
an of f-the-cuff judgnment. But in the near-field, if
we coul d establish a strong scientific basis for the
argunment that not nuch is released, then the
deficiencies in site characterization, which will be
there sinply because the site's conplicated, not
necessarily because the work wasn't done well, or
t hor oughl y. That mght, | think, nove the whole
project to a nore acceptable |evel.

DR. GARRICK: Yeah, but there's a bit of
an inhibition on that strategy. W nade the enphasis
in this workshop the source termfor this reason

DR EWNG Right.

DR. GARRI CK: But on the other hand, if we
enphasi ze the source term we're enphasizing in nost
respects the performance of the waste package. And
the imuge that's created when you do that is this
probl em of not adequately balancing the analysis
between the engineered barriers and the natural
setting. What's wong with being able to denonstrate

that the waste package is a m|lion year package, or
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100, 000 year package? What's wwong with that?

DR EW NG There's nothing wong wth
that, but then the question is, do you have a series
of multiple barriers? If that's the only answer, the
wast e package, the metal container then, you know
people can very legitimately ask for nmultiple
barriers.

DR GARRICK: Yes. o ahead, Joe.

DR. PAYER | -- there's sone validity to
what you said, but | don't think you can justify not
doing work where work can be done effectively to
i ncrease understanding because you think you're
getting out of balance. | don't think that just --
the sort of logic of that seens to nme to be
wr ong- handed. The i mage be damed or whatever. |
mean, fix the inage and then go out and do sone nore
characterization, or do -- you know, let's just do
everything we can with the rock, and let's do
everything we can with the near-field, and let's do
everything we can with the waste formw thin these
bounds. And, you know, if you coul d desi gn a package
that lasts a mllion years, great.

| think, you know, you still have to do
t he anal ysis of what happens, what if the end falls

off? You want to know what those other things are
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but, you know-- | particularly, I'mnot troubl ed that
97 percent of the containnents in the waste package,
fol ks can | ook and say well, there's even nore in the
nountain that we're not taking credit for. That's the
guestion. | nean, are we or aren't we, and will the
package have that kind of Ilife? Those are the
guestions. And Rod is saying, and |'ve been saying
from the other side of the waste package, and |I'm
standing on the outside of it, is these kinds of
t hings can be approached, and are approached, and
there's work going on right now that is gathering
further i nformation, and hel pi ng us defi ne where t hese
boundaries are, and if there are boundaries. And, you
know, we ought to get on with it, but there's been a
-- in many cases, there's been -- because of the
m | est ones, because of the critical paths, | nean, you
know, the ol d saying on the project is, you know, a 20
year project, there's never beentine to do a two year
experinment, because nilestone, m|estone, mlestone
pops up.

DR. STAEHLE: John, coul d | add sonet hi ng?
I s that possible?

DR. GARRICK: Sure. G ve your nane.

DR. STAEHLE: Roger St aehl e. Rod | ust

made a point that | realize has some interesting
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anal ogi es. You know, finally discoveredthat the fast
pat h was sufficient that we had to depend on t he waste
package. And then Maury made this, well that was
sonet hi ng t hat was sonet hi ng that was known some tine
ago. Wl l, there's a second step on that, another step
on that, is the fact that for quite a while we've
depended on the J-13 water as the concentrated water,
but now it's pretty clear that that's the wong
choice; that, in fact, the right choice is to use the
Vadose water, the pore water concentration. And so
for a long time, we've used the J-13 chemi stry, in
fact, probably that's the wong chem stry.

Now if we take step, this |ogical process
of we did believe this, and we now have forned this,
for exanple, this work that April Pulvirenti has done
to show that you, in fact, can penetrate C 22 in
something |ike a centinmeter per year under a set of
achi evabl e circunstances, it's certainty. The result
is true. Wether it works or not is sonething else,
but the point is, we now have another step on that
| ogi cal process that we used to think relying on a
passive film which is sort of an alkaline- based
passive film Wll, we're not talking about
al kal i ne-based passive film W' re talking about a

very aci di c- based process, which is to nme an anal ogy
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which is the next step beyond the J-13 vadose step.
But it was pronpted by the rather insightful thought
t hat maybe what we ought to think about doing, what
you guys, sonebody ought to think about doing, is to
t hi nk about the | ogical process, the nodel for which
Roger suggested, and re- examne how they're
approaching this and say well, what about these
things? If youtake April's work, that says you coul d
penetrate the wall in about four years if you can
achieve that chem stry. And that's not with stress
corrosion, that's just plain dissolution, so | think
we need to kind of think that logic and see if that
nodel of thinking, we need to apply sonmehow in some
| ogi cal step-w se process.

MR. GARRI CK: Thank you. Yes, Joe.

DR. PAYER: Roger, | don't know that the
logic is what's wong. | nean, if you look at the
overal | | ogic, but the environnment certainly maybe not
have been exam ned as conpletely as now what's bei ng
suggested. But the logic of identify -- just in the
corrosion i ssue because that's what, you know, where
|"m based. But the logic has been to identify what
i kely environments may be there. The | ogic has been
to exam ne the behavior of Alloy 22 and Titaniumin

those environnments, so | don't think the process
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necessarily is wong. | don't think the experinental
technique is necessarily wong. Perhaps it hasn't
been opened enough to gee, it m ght be outside of the
bounds of, you know, where they've been putting the
boundary.

DR STAEHLE: Wll, at the point -- |
didn't want to really make the corrosion argunment as
an argunment, because we'll meke that later. But it
was the thinking that the step-wi se process of
recogni zi ng things we al ready know t hat have not well
enough sort of step back and say wait a mnute.
There's a point here, we just haven't done it right.
We haven't examned it properly. And you can then
nove that to successive levels, as | just suggested,
and that was the point. So | think there's a point
here that maybe we ought to stop a little bit and
think, that was a really wonderful idea.

DR. GARRI CK: Thank you. This is the kind
of discussion | was hoping for. Now we're not
t hrowi ng things at each other yet, but when we get to
there, I'll really be happy. Al right. GCeorge.

CHAI RVAN HORNBERGER: Let netry, and I' 11|
t hrow sonething at my friend Rod, and try to take sone
cue fromwhat John Kessler said.

It strikes ne, Rod, that at the extrene
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end the way | woul d characterize your view, | think we
have to nmake this a research project, because
understanding is the only way to go. And from what |
woul d have taken from John Kessl er's openi ng remarks
woul d be to warn us against that, and that there may
be sonme argunments that we don't have to do that. And
soif we |l ook at sonmething |like the kind of questions
you wer e aski ng on Nept uni umsol ubility and what solid
phase is controlling, obviously, we would like to do
good scientific work, because we would like to
under stand these things better.

At the end of the day, evenif we did the
scientific work, | have a suspicion that our |ack of
preci sion about the environnent mght | ead us to have
big uncertainties as to which solid phases were
controlling, because as you poi nted out, you can nove
those stability fields pretty widely. And so | could
-- | think that | can make t he argunent, or | woul d be
willing to nake the argunent well, if | can in and
acknowl edge that | have a very wi de uncertainty in

Nept uni um solubility, and |I can do an analysis, or

John can do an analysis, | can't, to suggest that it
doesn't matter all that nuch, that uncertainty. | can
still make the case for reasonabl e assurance.

| don't see why we have to stop the
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process until we get all the scientific know edge we
need. It doesn't nean that we stop the science. W
still do want to have the understanding, but | don't
know why we have to stop the |icensing process to do
it.

DR EWNG Okay. First, | haven't said
stop the licensing process. And we're good friends,
but [0 say you've been unfair in your
characterization of ny position.

CHAl RVAN HORNBERGER: O cour se.

DR. EWNG Describing it as extreme and
research- oriented. | don't think it's extreme to
| ook at the performance assessnent and see that
actually there are alnost no real field tests, at
least in the chem stry part. And recognizing that
t hese can be done, | nean, and they're being done in
ot her countries. These aren't original ideas. There
are publications, sol thinkit's not extrene to note
t he absence of chem stry in |l arge part, the absence of
exerci sing the codes agai nst real natural systens to
see what we don't know.

| think the extreme positionis, you know,
conpared to other comunities who are involved in
nodeling, is that we haven't. W're in the extremne

position there. And | don't think the Iicensing
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process has to stop; although, if I were in charge of
it, I would be concerned to go forward without a few
nore bells and whistles, but that's not my call.

Now why worry about Neptuniun? \Well
that's a small enough thing to worry about, but ny
point is this. The reason it cones out in the
anal ysis as not inportant is because we put a | ot of
credit on the waste package. And in previous
performance assessnents, there was alot of credit for
the cladding, so the optim stic assunptions about
different parts of the systemor other parts of the
system are what are leading to the conclusion well,
thisisn't soinportant. W can sinply boundit. And
if I were in charge of the project, 1'd be very
concerned that ny optim stic assunptions don't pan
out .

DR. GARRICK: It seens to nme, Rod, what
you're saying is that we're not doing a very good, or
they're not doing a very good job of addressing the
par anmet er uncertainties.

MR. KESSLER: | think that they've tried,
and not in particular this neeting, but | would say
the closest we had to trying to understand how ni ght
Nept uni um solubility, for an exanple, becone nore

inmportant if certain things were not the way the
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proj ect panned out was in Tims talk. You know, Tim
t al ked about this idea of, you know, how nany packages
do we need to fail to get to a certain dose? And, you
know, how hi gh does the solubility have to be with a
certain kind of flow through those containers to get
the kind of dose? | think that that's a way to get
at, you know, when -- under what circunstances m ght
we care nore about Neptunium solubility in that
exanpl e, if the package is or isn't there, or behaves
in a different way.

DR. EWNG But it's nore than paranetric
uncertainty. It's a conceptual uncertainty that |I'm
worried about, because --

DR GARRICK: I'mnot talking just about
paranetric. | am including conceptual nodeling
uncertainty, as well.

| think what 1'd like to do is allowsone
time that they want to have for rearranging things a
little bit, because the next session is going to be
devoted to hearing fromthe di sti ngui shed expert panel
we have. And we want to make that as productive and
efficient as possible, sol'dliketocall a 15 m nute
break, and we'll go pronptly at 1. Thank you.

(Wnher eupon, the proceeding in the

above-entitled nmatter went off the record at 12:50
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p.m and resuned at 1:07 p.m)

CHAI RVAN HORNBERGER: W' re goi ng to have
a discussion session, but | was advised to warn
everybody that we had to rearrange schedul es to have
l unch at two o' clock, and we neglected to think that
the cafeteria closes at two o' clock. So if any of you
are particularly hungry and have to run off and grab
a sandwich and conme back, | wll understand.
O herwi se, you are going to be on your own with a
cl osed cafeteria at two. John, it's now yours.

DR. GARRI CK: Thank vyou. Were is ny
panel ?

PARTI CI PANT: They're in the cafeteria.

(Laughter.)

DR. GARRICK: All right. Thisis goingto
be a highlight session. Wat we want to do i s devote
t he next hour to the panel, the distinguished panel,
and we' Il keep the Committee reasonably quiet during
that time. So the approach we'll takeis l'dliketo
suggest that each of the panel nenbers take the
m crophone and spend a few mnutes telling their
i npressions of what they' ve heard and what ever ot her
comments or views that you care to make. And then we
will open up the discussion to everybody, including

menbers from the audience and nenbers of the
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Conmmttee, DOE, NRC, to ask whatever questions with
what ever remaining tinme there is.

Also, to avoid any dozing within the
di stingui shed panel, |1'm not going to indicate the
order that --

(Laughter.)

-- that you'll be called onto speak. |I'm
goingto-- sowiththat, I think we will proceed, and
| think I'"lIl ask Professor Latanision fromMT to be

t he | ead-of f speaker.

DR LATANI SI ON: "m going to use the
overhead, so if we could just set it up, for just two
t ranspar enci es.

John, let me first make a very inportant
statenent, and that is that -- disclainmer is probably
t he better word, that although |' mhere as a nenber of
t he Techni cal Review Board, and this is true of Dan as
well, the conmments we will nake during this session
are of course our own and not necessarily Board
positions.

DR. BULLEN: And have made. And have made
in the last two days.

(Laughter.)

DR GARRICK: So much for disclainers.

DR. LATAN SI O\ | want to nmke one
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observation, and then | want to focus ny comments on
one issue. The observation is that having been a
Board nmenber now since, | guess, June of this past
year, | al nost can predict what the people around this
table and in roomare going to say when they have an
opportunity, and that's not all bad. But on the other
hand, it really raises an issue that |I'm concerned
about, and that is we continue to bring forth concerns
about such things as the concentration phenonena t hat
may or may not occur in the repository and whi ch coul d
have trenendous i mpact on t he wast e packages, but the
reality is the next tinme we neet, whether it'sinthis
forumor a Board neeting or an Appendix 7 nmeeting in
whi ch key technical issues are tal ked about, we'l
tal k about themagain. And | just think we need to
find a forumin which we can address these issues
where all the interested parties get together and
i nstead of presenting what we've al ready seen before
we really do have this sort of knock down, drag out
di scussion that | thought we were headi ng towards
about 20 m nutes ago.

DR. GARRI CK: Yes. We've been havingthis
debate for ten years.

DR. LATAN SI ON: And, frankly, | think

that may have been the nost interesting part, and |
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don't nmean to denean what we' ve done here, but | found
that conversation to be really, | think, really
important. And | think there are many ot her issues
t hat deserve the kind of detailed scrutiny that | just
haven't seen. | nmean |'ve heard a | ot of these issues
a nunmber of tinmes, but | thinkit'stinetoget really
serious about them and | don't think that will happen
wi th another series of formal presentations that, as
| said, | can al nost predict what people are going to
say.

DR GARRI CK:  Yes.

DR, LATANI SI ON: So I'"mjust inploring
those interested parties that we need to do sonet hi ng
like that. |1'mnot sure what the best forumfor doing
it is, but I think we need to do that.

CHAI RVAN HORNBERGER: Could we ask if

sonmebody wants to predict what you're going to say

now?

(Laughter.)

DR. LATANI SION: Well, you m ght actually
have been able to predict. 1've nmentioned a coupl e of

ti mes nmy concern about sone of the tenperature issues,
and fromthe point of view of corrosion engineering,
tenperature is obviously a very inportant issue. It

affects all of the nobdes of degradation that are
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typical in a corrosion engineer's |l exicon. By that |
mean the wuniform corrosion rates, the rates of
| ocalized corrosion, all of those phenonena are
af fected by tenperature, al ong with the environnent al
chem stry and state of stress of the material and so
on. Al those issues play a role.

And | won't repeat what | said about
uni form corrosi on yesterday and then earlier today,
except to say that | don't -- | think we've collected
dat a at t enperat ures whi ch are not i nside the envel ope
of the high tenperature operating node. And | nean |
just don't think we've done that, and until we do |
think the i ssue of a reasonabl e expectation, to quote
John's coments a few m nutes ago, | think there are
going to be wuncertainties in just exactly what
corrosion rates are likely fromthe point of view of
uni f orm corrosi on.

And that affects -- the first order
deci sion i s whether or not there is a sufficient mass
of material in terns of the drip shield and the
exterior of the waste package to sustain 10,000 years
or whatever it mght be. And wi thout having accurate
projections of uniformcorrosion rates, although ny
intuitiontells nethat therates are likely to be | ow

enough that that isn't the problem || still think
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there's a reasonabl e uncertainty based on the fact
t hat nost of the testing has not been done, from ny
per specti ve, in the tenperature range that's

important. | don't think it's inpossible to do, it's
very manageabl e, but | think it needs to be done.

| want to just show-- just to followthe
tenperature issue to a certain extent and tal k about

one formof corrosion that we haven't said very nuch

about .

DR. PAYER | predict a hydrogen conment.

(Laughter.)

DR. LATANISION: | know this guy. |[|'ve
known himfor a long tinme, but he's wong, |I'mhappy
to say.

The issue of the -- well, no longer a
debate, | guess, but the issue of |ow tenperature

operating node as opposed to high tenperature
operati ng node has been nentioned a nunber of tines,
and |' mshow ng you here sone data that was shown to
the Board at a neeting in January of this year for the
first time, and | think it's really very inportant
data. Wat we're | ooking at here is what are called
cyclic polarization test data for Aloy 22 in
concentrated brines. These are brines that range in

concentration up fromsomewhere around ten to 18 nol ar
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sothey're very concentrated. And what you're | ooking
at hereisthe differencein potential between what is
called, in terms of corrosion engineering, the open
circuit potential and the protection potential, or
repassi vati on potential.

Wthout going into a |ot of detail, the
essence of that difference is that when the difference
becomes zero the material becones susceptible to
| ocalized corrosion, in this case, the crevice
corrosion. These are crevice sanples that were
exposed to this brine solution. Now, what you see
here is that the tenperature at which the difference
in potential extinguishes is around 140 degrees, and
this is in concentrated calcium chloride brines
W thout nitrates, and nitrates are known to actually
act as an inhibitor for crevice corrosion.

But what this shows is that when vyou
exceed 140 degrees, the susceptibility to crevice
corrosion is mani fested. That neans that if you have
an engineering system which is designed or has
crevices present, those crevices are likely to be
acti vated when you exceed that tenperature. The sane
crevices at |ower tenperatures will renmain inactive.
| mean that's the essence of this data.

There's one nore transparency whi ch shows
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a simlar set of data with nitrates present. And in
this data the conclusion is that the nitrates act to
inhibit to a certain extent, but once again you still
see the zero point is sonmewhere around 150.

So we have a waste package that has
closure wells, therearelikely to be crevices present
if those wells are defective at all. W have, in
additionto this data, data emerging fromthe folks in
San Antonio fromthe Center for Nucl ear Waste --

PARTI Cl PANT: Regul atory Anal ysi s.

DR. LATANI SI ON: Ri ght, Regul at ory
Anal ysi s, which shows that wel ded surfaces are even
nor e susceptibletocrevicecorrosioninsinlar brine
solutions, and so it just raises in ny mnd a flag
that says that we're heading off in a direction with
t he hi gh tenperature operating node, and we' re seei ng
the evolution of data, sonme from the project, that
seens to be contrary to a high tenperature operation.
And | think this is anissue in ternms of the question
of uncertainties or the question of reasonable
expectations that has to be dealt wth.

And so | think I just wanted to focus on
that one issue. There are many ot her issues that we
could tal k about in terns of |ocalized corrosion, but

| think this one is a very inportant one. It seens
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really contrary to the direction, as | understand it,
that the project is heading, and | think there needs
to be sonme serious conversation about this.

DR GARRI CK: Good. | think what we'll do
is we'll proceed right through the remarks before we
ask questions. Joe.

DR. PAYER: One of the advantages of
having a presentation on ny |aptop is you can nake
slides as you sit here. And one of the disadvantage
is you can nmake slides when you sit here.

| just want to summarize a couple of
things we've said, and | think it's a reasonable
foll ow-on to what Ron was sayi ng and t he concerns t hat

any of us that have deal with corrosion have about

t hese issues. W showed this Ilittle cartoon
yesterday, and | think it's still real, it captures
the reality. If this is the environnent, the

popul ation of environnments, and if this is the
popul ati on of the corrosion resistance of a materi al,
the whole issue is where do they overlap, because
that's where corrosion can occur? If that corrosion
can occur, | think what we're interested in is, one,
showi ng where those environnments are, but that's not
far enough.

The next question is can we correlate
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t hose conditions withreal repository conditions? How
do they forn? Wen, where and how nuch is fornmed?
W1l the environnments persist? Because one of the
things that's lost in nost of our testing nodes and
nost of the thernodynam ¢ nodeling on a potential PH
di agram people point to a given potential in PH and
say here's what happens. 1In real systens, they're
trajectories of potential in PH, the solutions aren't
const ant .

And so this is a starting point, but then
we' ve got to build on that. So if there's sonething
in there that's consuming the acidity, then it's
become nore alkaline. |If there's sonmething that's
consum ng t he hydroxyl ions, it's goingto becone nore
acidic. And we know about these processes, it's just
a matter of working themin.

So will these environments forn?  How
much, where and hownrmany tinmes? WII| the environnents
persist? |If they don't persist, if they stifle or
rest or go away because the package becones dry in
that area, could they reformand start again? Next
slide.

And this just remnds that there are
predi ctions of the tenperature/time behavior. Next

slide. Those predictions can be coupled with other
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information to give us a relative humdity as a
function of tine behavior. And based on our know edge
and assunpti ons and anal ysi s of what's on t he package,

we can meke judgnent at a given relative humdity.

WIIl it bedry or will it be maybe dry or maybe wet or
will it alnost certainly -- andthis variability cones
in and what's on the package surface? If it's

sonething that's highly hygroscopic, it's going to be
wet at lower relative humdity. Sothat's information
t hat we've had and that people are | ooking at. Next
slide.

Then if you take these two popul ati ons,
t he environnent and the material, and let's just for
t he scenari o here say we've got a given material. So
we've got Alloy 22 and that's not nmoving in either
direction; that's fixed. Well, at some tenperature,
hi gh tenperature, | would say that we went from high
temperature tol ow, at sonme t enperat ure, wherever that
is, it's going to be dry. So essentially these
environnents are renoved from the material, and we
woul d expect no corrosion.

At sone ot her tenperature, though, we're
going to reach the location where in fact we have a
wet environnent, and there's going to be perhaps an

area of overlap. As the tenperature decreases, we
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woul d expect that area of tenperature of overlap to
get smaller, and | think we woul d agree there's sone
| ower tenperature, wherever that tenperatureis, where
those fields separate again. So we've got no
corrosion, no corrosion, and in this scenario, we've
got a tenperature range which could be correlated with
a time range that is the range of vulnerability to
corrosi on.

So if we have overlap, though, again in
this question mark area, again, if it occurs, how
large that is, howlongit will prevail depends onthe
water chem stry in that area. |If that location is
there, is there water availability? WIIl the
chem stry persist? And so | think we've got a logic
and a rationale for dealing with this. The question
is do we have sufficient data and understandi ng. Next
slide.

The other thing to recognize, | think, if
this is the range of environments and this is the
range of materials that we'rereally dealingw th, and
| think it's conme out pretty clearly here fromthe
various presentations of DOE, NRC, the State of Nevada
and sone ot hers, that we really coul d be tal ki ng about
afamly of waters. And | just suggest here that the

anmbi ent waters woul d be skewed tothis side -- thisis
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all qualitative here at this point, but the famly of
wat ers woul d be skewed to this side for the anbient
wat ers, the carbonate/ m xed ionic brines, the types of
things that a lot of the testing on the DCE project
has been done and quite a bit of testing in the
project, woul d be sonepl ace across there. And these
very acidic concentrated halide brines would be
probably the farthest population to the right. So,
again, this is qualitative, but that's the general
novenent .

| f you | ook up here at the material, that
material can -- and what we're trying to think about
here is how this overlap is forned and how large it
is, the base material, solution anneal ed, i s probably
over here. What will nove that further to the right
is nmore chromum nickel and nolybdenum and the
exanpl es of that are the corrosion behavior, a 316,
825, whichis alower chrone, nickel, mali (ph) all oy,
and C- 22, whichis the nost resistant we've | ooked at.
And that's goingto shift that field over there nmaki ng
the |ikelihood of overlap |l ess. Things |ike weld and
heat - af fected zone, Ron nmentioned this just a nonent
ago, it also cones up if thermal aging occurs, and we
do get precipitation of phases or ordering, that could

shift this field to the right. But the logic, |
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t hi nk, prevails. The questionis do we get overl ap or
not ? Next slide.

Just now in sumary conments, what |'ve
t aken hone out of this, and sonetimes you cone here
just to reinforces your biases and other tines you
learn things, but this is a conbination of both, |
t hi nk. But just underlying again this whol e i ssue of
wat er as being the primary accessor, neaning it's the
primary thing that's going to open up a package and
cause penetrations. The question then is when, how
much and what gets in? Once it get into the package,
it's going to be the -- provide access by going
t hrough clad that's not already open and nobili zi ng
form

Agai n, the questionis when, hownuch, how
often? It's going to be the nmobilizing species
either in thin films for diffusive transport or
droplets in flow by advective flow, and it's also
going to be the determnant, one of the key
determ nants in the transport process. Wat kinds of
radi onuclide transport will we see? So it all comes
--it'snot theonly thingthat's inportant, but water
when you' re tal king about the source terml think is
a very critical part of it. Next slide.

The black here are things | said at the
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end of nmy talk, and the blue italicized are things I

added as summary comrents here. So this is the
sunmary of some of the things |I've taken out. | think
we're still tal king about water contacting the waste

package, the waste package lifetinme, rel eases of waste
form and alteration, nobilization and transport.
Those are | ogical boxes. You could break themup or
add ot her ones, but that's a reasonable flow, | think.

So using this water contact in the waste
packages we knowt hat condensati on on coolingis going
to occur, we knowthat it's likely that dripping wll
occur sonetinmes in sonme places. How nuch, where, how
often? Waste package lifetinme, we knowwe're goingto
get full contai nment for sone period of tine. Is that
a long tinme or a short tine? We know that
penetrations will ultimately occur if we're |ooking
over certainly hundreds of thousands and mllions of
years, and with | ocalized corrosion nuch sooner than
that. Water will access the waste package internal s,
but it's going to access all of them 1It's going to
get at the carbon, it's going to corrode the carbon
steel that's in the package creating | arge vol unes of
iron oxide. It's goingto attack the alum numthat's
inthere, it's going to attack the zirconium and it

also will get at the uQ2.
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Once it gets tothe spent fuel, it's going
to release radionuclides by UX2 corrosion and
formation of alteration products, and Rod' s been
telling us a |l ot about that, and could tell us a |ot
nor e. What's going to happen then as far as
retardation in those waste products, in the corrosion
products and as it goes through the invert? And then
once these things are nobilized, we seemto have a
pretty good handl e on the inventory of radionuclides
and how that inventory changes over tinme. The issue
is where are they solved, where are they dissol ved,
where are they sorbed, are they sorbed, in any case,
and so forth.

| would say that it's my opinion that the
DOE and NRC nodels have identified these relevant
processes, and they've identified a |lot of detai
bel ow that set of processes. The question is, the
i ssues are how sound is the technical basis in the
data to support nodels of data to support that
anal ysi s? How solid are they in providing us
under standing and confidence? But | think the
structure nmakes sense. | would not suggest that we
abandon this and start again. Thank you.

DR. GARRI CK: Thank you. Maury?

DR. MORGENSTEIN: Leave everything up.
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DR GARRICK: M crophone.

DR. MORGENSTEIN: 1'd like to essentially
concentrate on the vadose zone environment. My
feelingisthat it's avery conplex area that we don't
understand at present the very basics of a
hydr ogeochem stry, we don't have a good handle on
water entering -- the chem stry of the water entering
the system in soil zones. There's no reason to
presunme that water in the soil zone in 40-mle wash
has the sane chem stry as water in the soil zone on
top of Yucca Muntain. The soil paraneters are
di fferent.

Rai n water entering the soil does so and
reacts with the soil inmmediately and picks up a soil
signature. It's that signature that starts out as
Vadose water and goes down the systemand eventual ly
reaches the near field. W don't have a nmass bal ance
bet ween what wat er chem stry | ooks |i ke at the surface
and water in the saturated zone. This is a basic | ack
of under st andi ng.

Wien we | ook at the behavior of the EBS
items, such as CG-22 and Titanium 7 as barriers in the
environnent, they can react wth water that's
perturbated by both the tenperature of the systemand

the variations of the dynamcs of the system the
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envi ronnent, as it changes through tine. If we go and
| ook at the variety of different water chemi stries
t hat coul d occur and we go to Joe' s excel | ent di agrans
of realistic range of environnent and range of
mat erial susceptibility and we | ook at the realistic
range of environments that could occur through tine,
we have a m nuscul e under st andi ng today of what sone
of those environments would | ook |ike.

| feel that the project is probably noving
too fast, and if we haven't to date been able to
coll ect and acquire these information, | don't know
what kind of confidence we have, we would get in
understanding prior to licensing. And | say prior to
licensing or initiation of licensinginthat it seens
to be inappropriate at best to go into the Iicensing

arena wi t hout a basi ¢ under st andi ng of what is of fered

in the system how the system will work or how it
could work or what the variations are. TSPA is
dom nantly based on the EBS today. I1t's not based on

a natural systemthat we can rely on due to the fast
pat h.

There i s obvi ously degrees of retardation
offered by the natural system It is not clear that
this degree of retardation is sufficient to neet

licensing requirenents. There is clearly a
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desirability to have a strong EBSin place to justify
the site, yet we don't have the basic understandi ng
t oday of what the paraneters are, the basic reactions
t hat m ght take pl ace.

For exanple, we have a deliquescent
tachyhydrite that we see that fornms as a precipitate
on what ever surface water evaporates on. This forns
from pore water but certainly doesn't form to our
know edge of these, fromwaters that m ght | ook |ike
saturated zone water. Yet nmuch of the project has
concentrated on water chem stries that one m ght find
in the saturated zone.

Not saying that you can't find any
sat urated zone wat er conpositions in the Vadose Zone,
| " msaying that domnantly it's one small conposition
that you mght find. More likely you will find a
vari ety of conmpositions that we have not tal ked about
at all today. There's sone sort of variance of pore
wat er, sonme sort of variance of pore water in addition
to mxes of pore water and the elusive soil zone
wat er, which we have no idea about. And unless we
understand that chem stry, we have no real assurance
that inmportant barriers, such as CG22, will function
was we envi sion.

So I' mnot confident at this point that we
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have, or that the project has, the ability within a

short tine frame to acquire the information that is

really required. If, however, the tinme frane m ght
change, | do have confidence that the talent has the
capability to acquire information. "1l leave it
t here.

DR GARRICK: Ckay. Thank you. Dan?

DR. BULLEN. Thank you, John. Actually,
when you cal |l ed ne about three or four nonths ago to
invite ne to conme and consider sitting on this panel,
I started thinking about source term and
uncertainties, and then actually you nentioned this
norning sort of the biosphere and uptake, and Il
tal k about two of those issues.

Havi ng f ol | owed two di sti ngui shed materi al
scientists, mybe there's not nmuch that | can say
except that | would like to remind you of a conment
t hat was nade by one of ny predecessors on the Board.
VWhen | first met Ellis Verinka | asked about, "Well,
you know, kind of what material would you pick to
contain the waste in a repository environment," and
his first question to ne was, "Wll, what's the
envi ronnent ? You know, dependi ng on the environnent,
| can pick a material that will probably last and

performpretty well." And thinking about that you've
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got to look at the history of the repository design
and testing.

"1l go back to sort of the late -- maybe
md to late 1980s when they were talking about
unsaturated zone and placenent and a thernmal
environnent that was going to be greater than 96
degrees C for thousands of years; it was going to be
very hot. And very limted water content, tenth of a
mllineter per year. W' ve heard that before. And,
obvi ously, we found out that there's nmuch nore water
avai | abl e.

But the early waste package design was a
bor e- hol e enpl acenent, one-centineter, 304 stainless
steel container that you put in the ground and it got
very hot. | actually did sonme perfornance assessnent
nodel i ng on that type of design for early EPRI work
and tried to figure out howto do a surface diffusion
transport pathway out of a perforated container at the
weld interface, and it's a hard cal cul ation to do, so
| have a great deal of admration for these people
who' ve been doing di ffusive transport.

But it points to the evolution of the
wast e package design as we |earned nore about the
Mountain. W learned that there wasn't a tenth of a

mllimeter of water per year, and so they went into --
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well, actually, 1'll blame the Board for a bore-hole
enpl aced | ar ge wast e package, which is the next thing
that we did. Qur predecessor said there should be a
drift and not a shaft. So that waste package got a
ten-centineter carbon steel outer barrier over a two-
centineter 825 inner barrier. That carbon steel outer
barrier was a corrosion allowance barrier; renenber
heari ng about that.

Unfortunately, and in fact at that tine |
had j oi ned t he Board, the Techni cal Revi ew Board, and
we found that there was nore water available at the
Mountain. In fact, there was nuch nore water than a
tenth of a mllineter per year, maybe tens of
mllimeters, maybe i n the pluvial conditions hundreds
of mllineters per year. So | was fortunate enoughto
be one of the Board nenbers that was asked to go to
the Director's Ofice, Director of Ofice of Gvilian
Radi oacti ve WAste Managenent, to brief him about a
letter, and my comment to the Acting Director at the
time was, "Lake, your waste package is inside out."
Ckay. Well, later they changed the design so that it
was actually two centinmeters of 825 over. At that
tinme it was 316 stainless. And ny next neeting at
Lake's office was he told me | was right. | should

have quit right there, that's the only tine Lake ever
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told me | was right.

(Laughter.)

Now, it's evolved from825to 625 to Al l oy
22 based on the need for the perception of inproved
performance. And part of that's due to the fact that
we've |earned nore about the environment. W' ve
| earned that maybe there's nore water. W' ve also
| earned that maybe our predictive nodeling of the
environnent isn't as good as it shoul d have been. And
| want to harken back to sone of the underground tests
that have been done, specifically the drift scale
test. As the drift scale test was envisioned, they
wer e actual |y maki ng cal cul ati ons to predict the near
field environnent next to the waste package.

And t here was a prediction that saidwe're
going to boil enough water that we're going to drive
away all the Q2. So the partial pressure of oxygenis
going to go down so lowthat it won't be there and it
will last. And so | renmenber asking over and over
again what's the PO2 of the drift scale heater test,
and | think it was Dr. Bill Boyl e who al ways answer ed
that they didn't have the data or ultimtely it ended
up being the concentration in air, which was probably
not too nmuch of a surprise. But they had nade

predi ctions and the predictions were presented i n our
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neetings that said that we were going to drive away
t he oxygen.

Now, they al so predicted pondi ng of water
above the repository, and in sone cases they were
correct; in other cases they had fracture flow, so it
drai ned bel ow. And so there were changes in the
perception of the understanding of the environnent.
Now, all this kind of ties into what the Board has
rai sed over the past six years that |1've been on it
with respect to the reduction in uncertainties, which
Dr. Garrick nentioned earlier today. And these have
been a key issue for the Board.

The problemthat we run into is that you
can't deal wth uncertainties if the nodels that
you're trying to use to nodel those uncertainties
don't address the issues like Dr. Ewing said this
norni ng. For exanple, the Suppl emental Science and
Performance Analysis, LTOM HTOM Analysis, has no
t enper at ure dependence on corrosion in sone of those,
and so you don't get a big difference in whether or
not there's a corrosion effect. And in fact, there's
no localized <corrosion, because the localized
corrosi on nodel isn't kickedin, because there weren't
data to support it at the tinme. Not having data they

deci ded t here wasn't any corrosion. Wll, ny esteened
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col | eague on the Board, Dr. Latanision pointed out
that, "Well, mybe we've got sone data now, so that
m ght not be the issue there.”

So without relevant deliquescence data
basi cally we asked as a Board for a high tenperature
and a | ow tenperature analysis. And, obviously, ny
col | eague has already tal ked about the issue with
respect to the deliquescence of the salts and the | ow
class corrosion, so | won't revisit that.

| would like to offer a personal opinion
and agree wi t h Baron Engl ebri cht von Ti esenhausen, and
say that | think he was correct that a cooler
repository design may be desirable, not only because
it's less difficult to nodel but it's nore closely
related to the current anbient conditions at the
Mountain. And so the less you perturb the Muntain
maybe the better off we are. And maybe we don't get
to the high chloride concentrations and high salt
concentrations that we see, and |I'm not saying that
del i qguescence doesn't occur and all that, but it may
not be as aggressive an environnent.

| want to change gears just for a second,
and then I'll | et Rod Ewi ng have the | ast 20 m nutes,
because | think he'll probably need it.

(Laughter.)
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We had t al ked about bi osphere and upt ake.
| in a previous lifetine have been working on | ow
| evel radioactive waste managenent and actually am
very famliar with the biosphere code that they use
for dose assessnent, whichis the GEN E code or CGEN E-
S code. And |'ve done sone |owlevel waste
performance assessnment nodeling for about 15 years,
and |1've participated an independent performance
assessnment nodel for a conpact |icense applicationin
the Mdwest, and |I'm very concerned about the 3,000
acre feet of water dilution factor, because | think
t hat that m ght be maski ng sone significant problens
associ ated with the bi osphere nodel. Predom nantly,
because if | have a plune that's comng by and |
decide that I'monly going to draw ny drinki ng wat er
or maybe ny irrigation water for nmy small patch garden
that I|"mgoing to grow ny tomatoes in, and | have a
t omat o and cucunber di et because that's what | eat, |
think I have a potential for a significantly greater
dose thanif | take 3,000 acre feet and dilute it with
all the radionuclides that are in the plune.

And so even though | know it's the
regul atory requirenent that you do these things, |
think that the ACNW and certainly our Board when we

start tal ki ng about issues related to the bi osphere,
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|"'m going to raise the issue of | don't think that
that is -- first, it's not realistic, but, secondly,
it's not conservative. And it's not conservative

because | can have a smal | source of water with a high
concentration that's not significantly diluted that
may give nme significantly greater dose than, and I'm
not saying |'ve done the cal cul ati ons, but it may give
me significantly greater dose than what is predicted

with that great dilution factor.

Now, with that, |I've raised a couple of
issues, |'ve witten down a couple questions. [|'lI
wait till the | ast speaker goes, and then I'll ask ny

guestions. But thank you, M. Chairman.

DR. GARRI CK: Thank you. Well, | don't
want you to specul at e about why you're | ast, Rob, but
we'd like to hear fromyou.

DR EWNG \Well, as the constant critic
of performance assessnment, let nme start with a
confession. |If | had DOE's job or if | had the job of
the NRC, the very first thing I wuld do is a
performance assessnment, because the performance
assessnent i nforns one about howt hi ngs are connect ed.
| think where | part conpany with many i s that havi ng
done the performnce assessnment, it would be a |ong

time before |I'd believe the results. I think the

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

198

exercise is informative, but the results alnopst
certainly are wong, and the question is are they so
wong as to be not useful?

And to talk about this alittle bit, John
was ki nd enough to give ne the first viewgraph of the
wor kshop. And | like this very nuch, | use it in
cl asses, but what | want to say is that althoughit's
a good beginning, | thinkit really doesn't enphasi ze
the challenges we have when we do a performance
assessment .

First, the idea that we had discrete
packet we can work on is not very useful. In fact,
t hese discrete packets are highly couple in a non-
i near way system and so when we do t he one-of f/ one-
on analysis what that is telling ne is that they're
probably not coupled enough because it's done too
easily.

|  know what John nmeans by initial
conditions, but on top of getting the initial
conditions right, which are assigning probabilitiesto
seismc events, the real challenge is to get the
boundary conditions for the different stages here,
because the boundary conditions, as these wunits
interact with one another, evolve over tine. That's

the water chem stry, tenperature, the poracity, the
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pernmeability and so on. And the boundary conditions,
t he environnent in which the netals or the waste form
have to survive, are really the first step in the
story and perhaps the nost inportant step.

Also, from the discussion yesterday
bet ween John and | conparing a nucl ear power plant to
a repository, we left the discussion where there was
a chal | enge of descri bi ng a passive system Well, the
point I want to nake is that a geologic repository is
not a passive system it's a very active, dynamc
system and | think this is maybe cul tural. Depending
on your training, if you re a geol ogist, you | ook at
t he Mount ai n and you see all the parts working, and if
you' re an engi neer, you go and it looks like a static
systemin which we should be able to take a part off
and add a part. And | think this is part of the
difficulty.

Then | woul d al so say that if you listen
or think carefully about the TSPA or the TPA and
what's actually said, the physics of the systemis
what i s generally nodel ed, and | want to suggest that
actually the chem stry of this system may be the
dom nant driving forceinterns of the end result. |
nmean there's chemstry in the nodel but from a

geochemical point of view, it's at a pretty primtive
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| evel .

And then, finally, there's the remarkable
extrapol ati on over tine, but what's al soremarkableis
the extrapolation over scale where in the total
systenm s performance assessnment sonetinmes we're at the
atom c scale, we have nodels at that scale, and then
over tinme we anplify those processes so that we're at
scales of kilonmeters. And this isn't actually very
often done. So that's the starting point. W have
really a tough problem here.

Now, the question then is in what context
can we deal with this problen? And | think an
i mpression that | have fromthis workshop is that if
| ook at the TSPA and the TPA in a very natural and
under st andabl e way, | would say in terns of nodeling
they' ve evolved into a corner, talking one to the
ot her, but what's missing, and it's not part of the
| i cense application process, isthe broader context in
terms of what can be done by nodel i ng.

Keep in m nd that now the whole world is
nodel ing. There are |ots of people with conplicated
problenms and trying to find ways to do things that
aren't too different fromwhat we're doing here. And
thisw |l seemlike a di gression, and peopl e general ly

don't believe when you hear what |' mabout to say, but
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"1l go ahead and say it, let ne try to put what we're
doing into a context.

Several years ago | becane very i nterested
in the inpact of the fuel cycle and the carbon cycle
in global warm ng. The question was sinple: \What
i npact can nucl ear power have on gl obal warm ng? So
| began working with people who doing carbon cycle
nodel i ng, global warm ng nodeling. It was very
simlar. Sane scale, atomic scale to global scale,
| ots of physics, lots of chem stry, non-linear, lots
of boxes all connected to one another. Actually, in
ternms of the conputation scale not too different, |
think, fromwhat we're attenpting here. Depends on
whi ch nodel you're tal king about. Andin fact simlar
inthe sense that there was usually just a single end
point -- what is the CO2 content or what is the
temperature, if youthink interns of our end point of
what is the nunber of rens at a certain point intime
and space. Andit's very interestingtojust -- well,
it's very stimulating, but very interesting just to
| ook at what they' re doi ng when they have this probl em
and how it's handl ed.

Well, first, they have an advantage. W
have a geologic record and so we can buy numerous

proxies, would be the term oxygen isotopes or tree
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rings, whatever. W can nodel or we can cone up with
past tenperatures or CO2 content. So for their
nodeling they can develop nodels and run them
backwards. A thousand years is no problem Typically
run back 10, 000, 20, 000 years. Can be run | onger but
t hat becones very speculative. But a solid base of
reverse nodeling with lots of different proxies and
di fferent kinds of nodels.

Now, how far do they go forward in their
predictions? Well, the period of interest is about
100 years, so with that database of thousands of years
of nmodel checking, they go 100 years into the future.
Now, think about that conpared to what we're doing.
We have data for materials on the scal e of years, for
waste formon the scal e of six years, eight years, ten
years, and yet our regul ation requires us to run our
nodel out to 10,000 years. And if you graph this,
didn't make the nice overhead, you see the grand
di fference.

The ot her very interesting aspect that is
of the climate nodeling is -- of course, there are
studies that go for thousand of years, but for the
next 100 years people have asked, well, given the
uncertainty in the nodel -- and here they have many

nodel s, they have probablistic nodels, determnistic
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nodel s, | ots of people are doing this, uncertainty is
di scussed and cal cul at ed. The question has been
asked, "Well, howcan | extrapolate nmy results before
t he uncertainty keeps ne or hinders ny ability to make
a policy decision?" Well, in our arena, the question
should be, "How far can | extrapolate ny results
before the uncertainty is solarge | can't reasonably
say that |'ve conplied with the regulation?" And
what's interesting for the climate nodeling that tinme
periodis 20 or 30 years. |It's very short, even given
this long tine period.

And so what | would Iike to suggest, no
one has tine for this, but for our nodeling efforts it
woul d be very informative to | ook around at other
systens, | ook for conpl ex systens and ask, well, what
are the tricks and what are the linmtations and see if
we're fooling ourselves. And if we're not fooling
oursel ves, can we at | east fool soneone el se wi t h what
we' re doi ng?

Now, speaking -- have | used ny tine?

DR GARRICK: Go ahead.

DR, EW NG kay. Now, speaki ng
specifically, going to say -- and | could pick on
either the TSPAor the TPA, it's not difficult, but as

an exanmple I'Il pick --
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DR. CAMPBELL: Pick on John Kessler,

that's what we're here for.

(Laughter.)

DR EWNG 1'Il nove to TPA now. But as
an exanpl e of how uncertainty shoul d be considered in
what we're doing at, not grand scale, but specific
scale, let's take the recently added corrosi on nodel ,
gl ass corrosion nodel. That nodel cones froma Ph. D.
di ssertation of a German named Burt G anbow, it's
about 20 years old and it's fairly standard now.
There's along-termrate and a short-termrate. Short
termdoesn't matter very much. But in France now, the
French being very critical of the German work, the
real issue in their thinking about it is that |ong-
termrate is very difficult to measure in short-term
experinments because it's solow And soif I'"'mon a
panel there and when I'min France we're discussing
how | ong does the experinent have to run in order to
reduce the wuncertainty of the extrapolation for
t housands of years?

That's a very reasonable and | ogical
question to ask, but in this discussion for the past
two days | haven't heard anything of that form And
| think that's -- you know, there's the grand

uncertainty, but within every part of the nodel |
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think one has to | ook and -- you know, if you have
paranetric uncertainty or concept ual node
uncertainty, look at that uncertainty, extrapolate it
over tinme and propagate it through the other parts of
t he nodel

And 1'll just as an aside say what |
didn't | earn very nmuch about during the past two days
is uncertainty. |It's on everyone's |ips but no one
calculated it, | didn't see it evolve over tine, |
don't understand how we're going to handle this.

And then, finally, going back to one of
Abe's bull ets where he says one of the things we want
to dois provide the basis for judging the adequacy of
the nodels or the nodeling, | applaud that, but I
didn't hear any discussion on how we judge the
adequacy. Is it against sonme scientific standard? Is
it agai nst a standard that we neet the regulation? 1Is
it agai nst some reduced uncertainty in the nodel s? |
don't know. Clearly, |I think judging the adequacy of
the nodels, from ny point of view, neans using the
nodel s in real systens, real geologic systens, rea
experi mental systens and seeing how well they work.
And that part of the programis less than | think is
desirable. So that's ny speech.

DR. GARRI CK: Very good. Al of the

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

206

comrents were excellent. \What | had hoped we'd be
able to do, and unfortunately we're going to have to
end pronptly at two because we have a conm t ment t hat
we have to deal with, | had hoped to after the
remarks, and this is not a criticismof the | ength of
remar ks, they were all appropriate and tinely and of
the right length, but | had hoped to gi ve DOE and NRC
an opportunity to ask a question or two on the basis
of what they'd heard, because t he whol e di scussi on has
been sort of beating up on these nodels, and maybe in
a couple mnutes -- or just for a couple mnutes we
can at least start that. Abe, would you like to
respond to anyt hing you' ve heard? And then | will ask
the sane thing of the NRC, Andy.

DR. VAN LU K: Abe Van Lui k, DOE. | think
t hat t he presentati ons nade by t he panelists were very
interesting, and several of us were taking notes. |
think there are some things that we obviously have to
go hone and work on a little bit, but all inall this
is not -- nothing that's said here today is really a
surprise or an "Ch, nmy gosh, we never thought of
that," type of thing. So I'mlooking forward to the
input fromthis neeting, but | think that as far as
what these gentl enmen have said, basically there's no

di sagreenent . W need to provide the NRC in our
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i cense application the basis for our nodeling. Sone
of the statenents made go directly towards that our
basis is insufficient and we're going to go honme and
do our honmework, and you'll see the results sonetine
in the future.

DR. GARRI CK: Thanks. Thanks, Abe. Andy?

DR. CAMPBELL: | think that for our
pur poses what is very useful about this sort of
interaction is it gives us nore understanding of
issues froma different perspective and that we can
factor that into our reviewof what DCE i s doi ng. And
certainly in the area of the higher tenperatures on
t he wast e package we' ve actual |y been | ooki ng at t hat
for a while. The Conmittee was briefed on that |
believe last June by Dave and Tae Anh. That's
certainly an area that was identified as requiring
nor e under st andi ng because t hat was consi dered an ar ea
that could lead to nore extensive corrosion of the
wast e package.

Interns of things likefracture flow, the
NRC has been following this issue of fracture flow
versus matrix for, what, 25 years, sone period of tinme
since the '80s, and it's been an i ssue and a concern
of ours. So to us this type of information is

extrenely useful in ternms of hel ping us better probe
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what t he Departnent is doing. And | think that unless
Ti m has sonmething to say, that's probably all we'l]l
say at this point, but it's certainly provides a
useful newinsights or reaffirmation of insights that
we' ve been follow ng up on

DR GARRICK: Okay. The workshop is not
concl uded, we're not concluding it until |ater today,

but sone people are going to have to | eave. And for

t hose | want to thank them attending and
parti ci pating. I think it's been an outstanding
exchange, and | would like to see us be able to

sonmehow find a forum as Ron suggested, where we can
extend some of these discussions to where the
i nhi bitions di sappear, not to the point where we do
physi cal damage to each other but at least to the
poi nt where we can really vent the opinions and the
coment s.

Sowiththat, | think, as | say, we thank
t hose who are not going to be able to rejoin us after
lunch, a late lunch indeed, but we will now adjourn
until, what is it, 3:15. Thank you.

(Wher eupon, the foregoing matter went off

the record at 2:01 p.m and went back on

the record at 3:38 p.m)

CHAI RVAN HORNBERGER: It's 3: 15 so we have
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to reconvene, please. Okay. So we're ready to go,
and, John, this is | think the final session. Go
ahead.

DR. GARRICK: Al right. Before we get
into the Commttee's comments, | think Andy Canpbel l
has indicated to ne that as a result of sone
di scussi on that took place about the agreenents and
what' s bei ng done t herei n have sonme i nformati on to add
to that topic. Go ahead, Andy.

DR. CAMPBELL: GCkay. Just for the record,
' m Andy Canpbel |, Section Chief with the PA Section
in the Division of Waste Managenent. | nentioned in
ny tal k yesterday that there was a series of technica
exchanges over a period of two or three years that
dealt with key technical issues. Anpbng those were
evolution of the near field environnment, container
life and source term and total system performnce
assessment. Looking at those agreenents with Dave Esh
during lunch, we identified at |east 30 of those
agreements that deal specifically with the kinds of
i ssues that have been raised in the workshop. And
during those technical exchanges we not only had
specific discipline staffed there, attending and
runni ng those tech exchanges, but also PA staff was

attendi ng those. So there was a high degree of
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i ntegration anong the different disciplines.

A lot of those deal with, for exanple,
brine chem stry and testing on the surfaces of the
wast e package, thermal, hydrol ogical and chem cal
coupl ed processes, uncertainties, propagating the
uncertainties in the geochem cal nodels, the brine
chem stry and chem cal divide phenonena, which Joe
Payer nentioned, and the inportance of very snal
differences in water chem stry resulting in probably
significant differences in the chem stry of the brine
t hat m ght end up on the waste package, issues about
t he range of chem stry of water dripping on the drip
shi el d or the waste package itsel f, why sodiumnitrate
may or may not be conservative when it's considered
the main deliquescent salt, |ooking at m xtures of
salts, uncertainties in the waste package and drip
shiel d projections interns of performance and a whol e
series of other issues dealing with the corrosion
testing of the waste packages and the long-term
performance of the waste packages, validation of a
coupl e of processes, kinetics, dust, the inpacts of
dust on the waste package, support for the nodel and
the validation of the nodel.

So that gives you an i dea of these are al

agreenents that the NRC and DCE has agreed to provide
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us with information on these. | haven't read them
ver bati mout of the agreenent, but those are avail abl e
publicly. And | won't give you all the nunbers for
t he agreements because they won't nean anything to
you, but, again, the information that we're | ooking
for and that was di scussed here, there's a hi gh degree
of alignnment between those types of things. Sothat's
all 1 had to add to the record.

DR BULLEN: M. Chai rman, qui ck question

DR GARRI CK:  Yes.

DR. BULLEN: Andy, is it your
understanding that all of those KTls will be closed
before |icense application?

DR. CAMPBELL: Alnost all of these are
rated high in our estimation of inportance to risk.
That neans they need to be addressed by DOE prior to
license application. That doesn't nean that every
single itemw || be conpleted; however, there's a --
these are very significant to our ability to review
the license application. That's why they're rated
hi gh.

DR. BULLEN: | under st and. Maybe |1
reword it. Prior t issuing the license do you think
t hat the commi ssioners will have to have all of these

i ssues cl osed?
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DR. CAMPBELL: [|If through the process of

doing our further analysis it is determned that a
particular issue is necessary to provide reasonable
expectati on of performance, then the answer woul d be
year.

DR. BULLEN: Very good answer for
answering for the comm ssioners. That was great.

(Laughter.)

That was a good answer.

DR. GARRICK: You're learning quickly up
t here.

(Laughter.)

PARTI Cl PANT: He can be trained.

DR GARRICK: All right. Wat I'dliketo
do nowis do what we did with the panel earlier do for
the Commttee, and 1'd also like to continue the
practice of random sel ection, except out of respect
for the Chairman 1'Il think I'Il ask him for his
coments first.

CHAl RVAN HORNBERGER:  Thanks, John. I
guess, first of all, let nme say | really appreciated
the input from everyone who participated in this
wor ki ng group. | thought it was a stinulating day
today. Certainly, we got a lot of information.

1] cut right to sonme  sunmmary
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observations. | |ike the conments that Ron started
off wwth this norning in the sense that a lot of tines
we hear sone of the issues, shall | say, about what we
don't know, and we can go around and around and ar ound
and hear issue after issue after issue, and what we
really need is to have the kind of things that Andy
j ust described, and these are the techni cal exchanges
where in fact the informati on gets conveyed.

| will say the ACNW had a |ook at the
i ssue resol ution process, and the nmenbers did attend
several of these neetings, and |, for one, was very

i mpressed wi th howt he techni cal exchanges between t he

Department and the NRCwent. | will also say that in
the -- and | think that everybody knows this who's
here -- tal king about the waste package. The people

in the NRC and the people at the Center for Nucl ear
Wast e Regul atory Anal ysis are outstanding, they are
really good people. They really, | Dbelieve,
understand t he i ssues and woul d have appreci ated al
of the conplexities that were described, and | really
believe are giving the NRC staff, the Performnce
Assessnment staff very good insights into howto treat
t hese technical issues.

Having said that, | think | sort of

exposed ny bias by ny overstatenment to Rod Ewi ng. |
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always like to make overstatenents to elicit a
reaction. But | do worry about the bal ance, and |
t hi nk that we do have to have a bal ance, we do have to
come to sone kind of agreement, even if it's an
agreenent to di sagree on sone things, an agreenment on
how rmuch sci ence i s needed versus hownmuch we canrely
on sone kind of an anal ysis that bounds the problem
And | believe, | think like a lot of others who have
| ooked at this program for years, that we are not
goi ng to have conpl ete understandi ng of the natural
system and we're probably not going to have conplete
understanding of the engineered system either or
near |y conpl et e under st andi ng of t he engi neered system
ei t her.

And we sonehow have to find a way to
bal ance t he need for sci ence and understanding with a
way to accept how the Departnent woul d denonstrate a
reasonabl e expectati on. And that's, | think, the
tricky bit that we've been working with here on
performance assessnent, and | thi nk what t he ACNWhas
urged to have as nuch realism as possible in these
performance assessnents and also to stress that we
need to gain greater transparency in some of the
i nvestigations, so that we come to understand the

probl ens better.
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So | don't have any solutions, but |
t hought that it was informative what we heard, and |
think that we still know sone of the things that need
to be done, we just need to keep on top of having them
done.

DR GARRI CK: Thank you. Ray, out of
respect for this being your |ast opportunity to --

DR. WMER: | thought you were going to
say somet hi ng about age.

(Laughter.)

DR. GARRI CK: Me say somet hi ng about age?
That doesn't get you anywhere.

DR. WWMER That's true. | defer age-w se
to nmy senior. | have just a couple of observations.
One i s there was al nost the presunption in sone of the
things | heard, especially this afternoon, that we go
into these performance anal yses and assessnents as
t hough we were newy born, that we don't know
anyt hi ng. And in fact we know a great deal, and
there's a great deal of information, a great deal of
know edge, and you don't really need to do everything
ab initioin this wrld, there are starting points.
And we can build on that w thout having to go back to
ground zero.

More specifically, | think that what has
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cone out, what's energed, is sonething |'ve been
telling these people on this Commttee to the point
where | sort of have to duck every tinme | say it, but
the whole thing is chem stry.

DR. GARRICK: Let ne wite that down.

(Laughter.)

DR WWMER: | don't really think that we
do understand nmuch of the chem stry as nuch as we
should with respect to corrosion, although we know
nore about corrosion than sone of the other parts of
the chem stry. W don't know as nmuch about the
solubilization of the waste form and of the various
species that are going to be forned and the solid
phases that will determne solubility and thereby
determ ne source term W don't know as nuch of that
as we would like to think we know in some of the
anal yses that are done. But on the other hand I don't
know how nuch of that we need to know, and that's
where the great uncertainty conmes in. Just how nuch
i s enough?

And | think that we never wll quite
answer that question, and in the final analysis |
t hi nk whet her or not thislicenseis granted will comne
down to a judgnent call on the part of the people who

are making the final decisions as to whether or not
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t hey bel i eve that the i nformati on, however conpl ete or
inconplete it my be, whether that is adequate to go
ahead and |l i cense the repository. So everything we do
and all of the deliberations we nmake and all of the
refinements we seek and all the uncertainties we have
are goingtofinally fall on the heads of a few peopl e
who are going to have to make these judgnments, and
they will be very tough judgnment calls indeed.

DR GARRICK: Ckay. MIt?

DR LEVENSON: Well, | think it's safe to
say |'ve been involved in this |onger than anybody.
At the end of this year it will be 60 years that |'ve
been involved in nuclear energy. |"ve also been
accused of looking at things at about 90 degrees to
the way everybody el se does, so | may disagree with
Ray and sonme others. In those 60 years, |'ve made
qui t e a nunber of maj or deci si ons i nvol ved engi neeri ng
facilities, designs, projects. | don't think ever did
we have all of the information we woul d have |iked to
have had. The real world of getting things done never
gi ves you the privilege of having all of the data and
t he information.

Sone peopl e think that there should be no
uncertainties and there should be no risks. That's a

different world than the one in which we live. My
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view of the TSPA or the TSP or anythi ng equivalent is
that's not a way to cal cul ate quantitative val ues for
anything. |It's an extrenely inportant val uabl e tool
to get insights, and the deci sions have to be nade by
responsi bl e peopl e t aki ng t hose i nsi ghts and conbi ni ng
themw th everything el se we know, that we just don't
have the capability to really nodel the entire
physi cal world.

| nmean if we take sonething sinmple like
one of the talks we had this norning, there's a good
chance that in the time periods that are of interest
t he wast e packages are going to be covered with very,
very thick films of rock dust and so forth. [|'mnot
sure how you or if you can maintain a highly acid

thing on a few drops evaporating in the mddle of

t hat .

" mnot saying yes or no, all |I'm saying
is that the systens are so conplex that -- and |'m
advocating, |'ma strong advocate for things | i ke TSPA

and TSP for doing different evaluations, doing
different studies, not trying to decide what is
exactly the right nodul e or code but just changing it
really helps provide insights. And so for this
meeting and this workshop | really think it's an

i mportant ongoi ng effort, but we shouldn't | ose sight
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of the fact that it'sreally just atool, not away to
get quantitative answers.

DR. GARRI CK: Thank you. Rooki e, the
rookie of the Conmttee, M ke Ryan.

DR. RYAN. Thank you, John. | refrained
from maki ng any comments about age.

(Laughter.)

First, l'd like to thank all t he
presenters and the panel nenbers for these couple of
days. It's been very informative | think for
everybody, certainly for ne. It's beenalittle bit
like drinking from a four-inch fire hose on
geochem stry and geol ogy and sone of the engi neering
aspects, but that's okay. 1'd also like to take an
aside and thank Ray Wner for his mentorship and
collegiality on the ACNW He's been a nentor of m ne
for quite along time and | appreciate his counseling
and his | eadership on this Conmttee, and his career,
his body of work is form dable for those that know
about him

And as | t hought about al | t he
presentations today, | took note of a couple of
figures in a couple of the | ater presentations. One
was John Kessler's graph on his base case dose nornma

rel ease scenario, and David Esh's curve where he
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showed sonme spent fuel dissolution nodel sensitivity
anal ysi s. And what caught the health physicist's
attentionis they-axis. The flat part that goes over
t he range of around thousands of years is ten to the
mnus three mlliremper year. That's ten m nutes of
cosm c ray exposure as we sit herein this room Ten
m nutes of cosmc ray exposure. Soit's a very snall
fraction of a part of background.

Now, | don't say that to say we should
trivialize any aspect of all of the science that was
di scussed in the | ast two days; in fact, | appl aud the
sci ence. But | think that we can be informed by
perspective, by the termthat John used of margi n and
then trend analysis, sone of the things that MIt
nmentioned internms of insights, and we can be i nf or ned
by that. And bouncing off |ots of things agai nst what
does that do to the nmargin, what does that do to our
neasure of performance agai nst the dose standard |
think is something we have to visit regularly in the
pr ocess.

To that end, | think even though it's
prescriptive in regulation on the biosphere part, |
t hi nk we shoul d exam ne that for its conservati smor
| ack thereof. Dan Bullen nentioned about the 3,000

acre feet, | menti oned about dose conversi on factors,
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so obviously |I think that's a fruitful area to think
about how the conservatisns or perhaps non-
conservati snms need attention. Not that we would
calculate it or present it differently froma license
appl i cati on standpoi nt because of the requirenent, but
that it would better inform our thinking and our
know edge in terns of the dose cal cul ati on.

So, ultimately, and, again, | cone at this
fromthe heal th physics point of view, the radiation
protection aspects of it, we're | ooki ng at what do all
of these things neanin terns of dose. Several tines,
| think, several of the panel menbers touched on this
idea of what does it mean in terns of inpact, and
we' ve asked t he questi on what does it nean in terns of
performance. Well, ultimately, that rolls out to the
dose cal cul ati on. And when you' re cal cul ati ng annual
doses that are equivalent toten m nutes of cosnic ray
exposure in the |owest exposure area of the US.,
that's sonething to consider. | think that's an
i mportant margin to recognize. | don't offer it as a
val ue judgnent that everything is fine, just the
opposite. | think we're on the right track of
intellectually exam ning these questions and novi ng
forward with that rigorous and vigorous exam nation

fromall points of view So thanks very nuch for your
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attention.

DR GARRI CK: Thank you. Are there any
comments fromthe staff, the ACNWstaff, that they'd
like to make at this point that would dovetail in?
Neil, do you have anything to add to what the
Commi ttee nmenbers have sai d?

MR. COLEMAN: Neil Col eman, ACNW staff.
Just one thing that -- fracture fl ow was di scussed at
| engt h or the expression was used. There are parts of
the flow paths that are not fracture flow The
farthest extent in the valley fill alluviumand the
Nye County wells have been very inportant in
i dentifying how nmuch of that there is. Also, Calico
Hlls non-welded vitric unit has sections that are
porous flow.  These are very inportant in the flow
system and as far as potential retardation.

DR. GARRICK: Al right. [I"'mlooking at
the agenda and it's a strange agenda fromhere on in
t hat we are supposed to be together for alittle while
and then have a break, and I'"mjust trying to figure
out hows the best way to tie all these things
t oget her. John Larkins, did you want to nake any
comrents while the Commttee and staff are reacting?

DR. LARSON. Yes. | thought there were

sone interesting concepts that were raised that
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probably need to be explored further, | think, as the
Conmi ttee deci des on what type of advice to provide
t he Commi ssion staff on the subject.

DR. GARRI CK: | should say that John
Larkins is the Executive Director of the Advisory
Conmittees, the Advisory Committee on Reactory
Saf eguards and the Advisory Conmittee on Nuclear
Wast e.

DR. LARSON: Thank you. The coment was
made on the use of margins where there's large
uncertainties or informati on may be m ssing, and the
staff has always used margins in reactor |icensing
when we knew what the -- had a good feel for what the
margin is. Here in sonme of these |I'm not sure we
real | y knowwhat t he margi ns are and what' s accept abl e
and what's not acceptable. Probably it needs to be
gi ven some thought.

And the sanme thing | think when you think
about the uncertainty what criteria do you use to
j udge the uncertainty? And when is it acceptabl e and
not acceptable? So sone type of |ooking at maybe
acceptance criteria in light of |large uncertainty is
something that needs sone further thought or
di scussion. Those are some things that sort of stuck

in my mnd.
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DR. GARRICK: Yes. (kay. I'd like to

j ust make a coupl e of cooments. They don't -- | think
nost of the comments that have been nmade by t he expert
panel s and by the Conmttee have pretty well covered
this spectrum of things that have cone out of the
coupl e of days. But the issues that | have been
especially interested in, of course, are whether or
not the notion of a risk-based approach or risk-
i nfornmed approach to sonething |like a natural setting
was a feasible thing to do. It has always been
sonething of great challenge. You'll recall ne
mentioning the first day that this diagramthat | used
kind of grew out of a discussion |I had with Norm
Rassnussen at | east ten years ago when we were in ny
conmpany debati ng t he boundari es or the extent to which
t he ri sk assessnment t hought process coul d be appli ed.
And Norm was reasonably skeptical at the tinme about
its application with respect to the waste business.
And for those of you who don't know, and | doubt that
t hat' s anybody, Nor mRassnussen, of course, was one of
t he di scoverers, co-discoverers of the whol e concept
of probablistic risk assessnment and |led a fanobus
reactor safety study that was perforned in the md-
' 70s.

| amof the opinion that the fundanental
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t hought processes apply to any kind of issue and t hat
particularly if you take the approach of a scenari o-
based approach as kind of the cornerstone of what a
risk assessnent is, nanely a structured set of
scenarios that answer the question of what can go
wong with your system

The issue of uncertainty, | think, was
kind of brought into focus quite well by John
Kessler's remarks as to what it provides in the way of
opportunity and flexibility to convey t he perfornmance
of a system | think this is a point that's often
m ssed by peopl e who are | ess than confi dent about the
use of the risk sciences. The idea of being able to
account for the absence of information or the
i neffectiveness, if you wish, of a nodel in the
analysis is very fundanental and very inportant to
bei ng able to anchor the analysis to the supporting
evi dence.

W often -- | renenber nmany years | was
teaching a reliability course at UCLA in the -- a
short course for about 20 years, and | woul d start the
course with a display on the bl ackboard of two sets of
data. The one set of data was a set of point val ues
about certain critical paranmeters, and t he second set

of data was the distribution functi ons on those sane
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paraneters. And | would challenge the students to
tell me which of these two presentati ons was the nost
quantitative. And | was al ways shocked by how many of
them said the point values. And | think that whole
concept of quantitative analysisasit  relatestorisk
is anchored to the way in which we attenpt to bring
uncertainty into the process.

And that's why it's ki nd of an oxynoron to
me to hear the term "conservative risk assessnent.”
It doesn't make sense. It isn't why the discipline
was i nvent ed, the point being that the risk assessnent
really ought to be the very best shot of the experts
as to what therisk is and I et the regulators and the
deci si on- makers deci de how nuch conservati smand how
much safety, how nmuch margin they want to add to t hat.
But wi thout that, they have no hi gh confidence pl ace
to start.

And so that's one kind of characteristic
of this that | think is extrenely inportant, and we
have as a Commttee have been trying to nake that
point and | think with sone success with the NRC and
the staff, again, not to just suggest that the val ues
that are cal cul ated fromthe ri sk assessnment are to be
t he val ues that serve as the basis for regul ati on, but

that they serve as the basis of the best information
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avail able as to what the safety case really is and
therefore a baselineinreference fromwhichtouseit
in a decision-naking sense.

You hear about ot her engi neering projects
and what have you, and you often hear the argunent
that, well, we didn't have that problem in that
project. And the reason very often that problemthat
didn't exist isthat these uncertainties were ignored.
And so here we have a transition in the engineering
conmunity that | think is critically inmportant of no
| onger dealing in terms of just safety margins or
performance margins but genuinely attenpting to
guantify what we nmean by that. And as we do this, |
t hi nk a nunmber of concepts will begin to take on a
much nore scientific basis, including the nuch
di scussed basi c regul atory tenet known as def ense-in-
depth. | think we've advanced to a point where we
don't have to have the concept as nuch of a nystery as
perhaps it has been in the past and that we can begin
to express defense-in-depth in nore quantitative
terms. GCenerally, defense-in-depth, or at |east one
notivation for defense-in-depth, has always been to
account for the uncertainties. And as we | earn howto
account for themand enbrace themand put themin our

f undanment al nodel s and propagate themin sone sort of
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systemati ¢ and transparent way, | think we're in a
position to be nuch nore clear on what we are getting
fromour so-called defense-in-depth.

So the one that that | was pl eased to hear
in the various discussions was a growng interest in
bringi ng uncertainty, recognizing that there's nmany
ki nds of uncertainty, and the one that we probably
know t he | east about is the nodeling uncertainty, but
recogni zi ng that we have a |l ong ways to go before we
can feel 100 percent confident that we can count on
the results for decision-naking.

| agree with the comments that have been
made that the npbst inportant thing here, and | was
pl eased to hear Rod Ewing admt that the first thing
he would do is a performance assessnment, although I
have to see it to believe it. But | also tend to
agree with him that you shouldn't necessarily be
overwhelmed with the results, that you need to be
gui ded sonmewhat by them and you need to have them as
a basis for helping ferret out sone of the i ssues and
the problens, and it is a continuing process, but it
is not the end itself.

As far as the di scussions about -- | found
the discussion, and this has been an ongoing

di scussion, not only with respect to Yucca Muntain
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but with respect to the Waste Isolation Pilot Plant
involving sone of the sane people, the ongoing
di scussion of research or science versus engi neering
and adequate science. And | think that, again, one of
t he nost i nportant vehicl es for neasuri ng adequacy i s
being able to quantify the uncertainties. | think
that's a heal t hy ongoi ng debate and shoul d conti nue.
But | remenber once being a witness at a public
hearing and debating with an intervenor and finally
t he judge, out of frustration, said, "Look, we have to
make a decision here. And we can't just continue to
debate this issue.” And | think that's the context we
sonmeti mes don't give enough enphasis to when we're
doi ng these kinds of analysis and nodels, casting it
inaforumthat nakes it possible to make a deci sion.

The reason t hat t he per f or mance
assessments have a | ong ways to go before they can be
risk nodels in the sense of probablistic risk
assessnents, particularly thelarge scope probablistic
ri sk assessnents that were performed in the '80s and
early '90s, isthat | still think that the performance
assessnments are principally conpliance assessnents
much nore than they are risk assessnents. And while
t here's progress that has been nmade by such activities

as the elimnation of sub-systemrequirenents, there's
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still a lot of prescriptive features of the |icense
requi renents that obscure, if you wi sh, at |east the
performance assessnents that's performed in the name
of licensing, a lot of things that obscure and stand
in the way of really developing a sonewhat
unconstrained risk assessnent of a geologic
repository. So we're a | ong ways away probably from
havi ng an exanpl e of a risk assessnent of a geol ogic
repository that could be conpared with the risk
assessnents that have been performed on nucl ear power
pl ant s.

Now, the risk assessnents that were
performed particularly inthe'80s and ' 90s on nucl ear
power plants were unconstrained inthe sense that they
were not driven for the purpose of [icense
application. They were driven only for the purpose of
answering the question of what was the risk of the
i ndi vi dual plants. And | think that's the big
di fference between the advancenents that were nade
t here and t he advancenents that are being made in the
waste field as it relates to the progress of the risk
assessment thought process as applied to geologic
repositories.

But | think in certain specific areas we

are making quite a bit of progress, and that was one
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of the reasons why we were very interested in focusing
on one aspect of the PA perhaps nore than the other,
nanely the source termon the basis that that |ends
itself as nmuch as maybe anything to applying these
ideas and principles. And as | say, | think we've
made progress, but we certainly are nowhere near where
we need to be to really test the concept in terns of
whet her or not you can build that kind of a nodel on
sonmething like a repository. |'m convinced you can
but 1'm al so convinced we haven't done that yet.

Okay. Now, let's see, according to this
agenda, we're supposed to have a break at 4;15. Can
we go directly to our next agenda itemand nove into
conments, public comments? All right. Let's do that.
Let's turn the neeting over to anybody who w shes to
make a comment now, particularly the public.

DR. ELZEFTAW: Hi. |In the sane of tine,
since |'mgoing to | eave i n about two m nutes, | would
like to just make one -- is that thing on. | can
speak loud. Again, |'"'mAtef Elzeftawy, I"'mwth the
Las Vegas Paiute Tribe. This coment --

DR. GARRI CK: Is that working? Excuse ne
a mnute. | want to make --

COURT REPORTER: Yes. Stand a little

closer toit but it ison. Don't get too close to the
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m c, though, it bl ocks.

DR. ELZEFTAWY: Well, | speak | oud anyway,
so probably you guys can hear ne. | just wanted to
say two things. One, a word of thanks. And the
second isjust alittle small story, food for thought
as you guys go hone. | wanted to tell on behal f of
t he Chai rwoman and t he Council and the people of Las
Vegas Paiute Tribe, 120 of them thank you very mnuch
for inviting us, we appreciate the invitation. So for
the Chairman and for the Committee and for John
Larkins, | think, who signed the letter, for Nei
Col eman, and the best |'ve ever done with NRCis to
tell Hub MIler that "That's a good guy, hire him"
So good for you. Good for you.

You guys have a | ot of good brains, a lot
of good discussion. | heard a whole |ot of good
t hi ngs fromthe Departnment of Energy, fromNRC and al |
that, and I think, in general, you are on the right
track. And one of the gentleman, | think the
Chai rman, nmade a comment, and the other person too,
John -- | guess | can recall the nanes now -- we've
got to nmake a decision. And that's really what scares
me a little bit in terms of the performnce
assessnent.

And here's alittle story. Oppenheiner --
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you probably know the nanes -- Oppenheiner, Edward
Teller, Al varez and Server and sonebody el se in June
'42 they sat down together in a roomin the County
Hal I in Berkel ey two days and they wanted to find out
how nmuch it's going to take in ternms of uraniumto
make the bonb. I1t's public knowl edge now. They cane
up with -- after all their discussion between all of
them it's physics not chenmistry, and they cane up
with 100 kil ograms. Now you rest of the rest of the
story. After Los Al anps and thi nki ng done, with al

t he work they have done, with all the billion dollars
t hey spend, that 100 kil ograms went down to ten.
That's a public comment al so. So at | east they | ooked
at the uncertainty intheir theoretical work, call it
performance assessnent, and then finally the way they
didit. So here's food for thought.

The other thing is the quantum mechani cs
theory. Albert Einstein passed way not believing in
t he quantum nmechani cs theory. The [ate Feynman with
hi s Nobel Prize winning saidthis: W don't know what
itis. Wdon't understandit inall details. But we
know one thing: It works. And if we can come up with
performance assessnent nodels that it works, then |
t hi nk that hel ps the decision-making process. And

with that, thank you again for everything. And

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

234

hopefully you will come to Las Vegas, so cone and |
don't promi se any -- but cone and don't waste your
noney t here.

(Laughter.)

DR. GARRI CK: Thank you

DR. ELZEFTAWY: Best wi shes to you. Thank

you agai n.

DR. GARRI CK: Thank you

M5. TREI CHEL: Judy Treichel, Nevada
Nucl ear Waste Transport. 1'Il give you ny fortune.

It says youwi || be rewarded for being good |isteners.
| found it really interesting today when the
conversation got around to the fact that everybody or
peopl e who have been doing this for a long time could
predi ct what they were going to hear fromwhoever was
speaki ng. That certainly goes for ne. You know
exactly what's going to cone out of ny nouth.

But it was refreshing to hear the, as you
call it, knock down, drag out that really didn't |ast
| ong enough. Yes, that stuff has to be hashed over
and it has to be hashed over hard, but | don't know
t hat you can get peopl e to change their m nd. Because
with everything that's going on here, you ve got a
terrible glitch, and you've got a glitch for being

able to do a good probablistic risk assessnent which
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| know is where you live, John, but because that's
generally done with sonmething that everybody wants.
And if there's a risk involved, people decide they
want to take the risk because they want the result.
And you don't have that in Nevada.

And when it's just very sort of cavalierly
thrown out, well, who drinks all their water out of
the sane tap, well, that answer is easy. Afam |y out
in Amargosa Valley that farnms. That's where they get
the water, that's where they pull it out, and, Dan,
they don't have to just eat tomatoes and cucunbers,
t hey can eat pistachios, they can drink the mlk from
t he cow who drinks out of the sane tap, and they can
do all sorts of stuff or they can go down the street
to get sonmething out of essentially the sane tap or
one of the same. So you're dealing with people who
will be assigned a risk by soneone el se.

And | don't think the argunent stops and
starts with whether or not you realized it was
fracture flowor it was through the matrix or whet her
or not you realized the chem stry of the water or --
you need to al nost ratchet back. And one of ny big
problenms is |I'mnever talking to the right audi ence.
But nobody ever really decided what the repository

does, why it's there, what it's for. And nobody can
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really give you that answer. That's sort of in the
eye of behol der as wel |, because according to the Vice
President in his task force, it's essential for a
resurgence of nucl ear power. Want to build alot nore
nucl ear power plants, so we're going to have to have
Yucca Mountain, so we have to be able to say that we
can do this. For sonmebody else, it's sonething el se.

There's continual argunments about what
this thingis for, why we're doing it, how much waste
it's going to have to hold, who benefits, who takes
therisk, and | would |i ke to see sonme of those things
deci ded before anything else. But my real fear is
t hat when you have di scussions |ike this and we wat ch
who the presenters are and where the biases are and
who's coming out with what, that I"'mterribly worried
that NRC is sort of pushing to make this thing okay.

| really think NRC would like to have
Yucca Muntain, and there's got to be conprom ses
made, there have to be -- uncertainties have to be
acknow edged and then either accepted or not, and |'m
worried that people who don't have to live with this
are going to be way nore eager to have uncertainty or
to feel that it can be accepted then other people.
And | would just love to be able to |eave here

thinking it was totally fair but | don't so far.
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Thank you.

DR GARRICK: Thank you. Roger?

DR. STAEHLE: | want to say a fewthings.
"1l tell you first about a consulting problem |'m
wor ki ng on where a helicopter set of lights fail ed and
killed three people. And | looked into this and
di scovered t hat t he engi neers who organi zed t he devi ce
t hat hol ds the bl ades on had done a fatigue test and
had concl uded that the rotor had infinite life. And
so when | |ooked intoit, | discovered that the reason
they concluded infinite life was the fact they ran
t hese experinents in |laboratory air. You know the
rest of it, that the thing didn't fail in |aboratory
air, it failed in Houston industrially polluted air.

The second experience | wanted to nention
was the fact that | |ooked at the first BWR pipe
failure in 1967 and having | ooked at this, and | was
a young guy then, | said, you know, this is going to
happen agai n. Sonmeone said, "Don't worry about,
Roger, that was bad heat."

And so what 1|I'd like to say here
specifically is that it seenms to nme that we have a
probl emthat can be identified as bei ng very conpl ex.
We have conpl exities inthe surface chem stry, we have

conplexities in the Muntain, we have conplexities in
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temperature, and there's no way we can solve that
problem | nean with all the mathematics we can all
think of, we can't wite a set of equations and
nodeling that wll solve that with any kind of
exactitude. And so what we have to do is figure out
how we can approach this in some way t hat nakes sense.

And it seens to ne that there's a need to
approach a -- have a boundi ng approach where we can
say that at |east we can bound our problem wth
certain kinds of quantifiable ideas. And so step one
istofigure out what it is we're going to bound, and
that's a discussion of we're going to bound
tenperature, we're going to bound the availability of
water, we're going to bound how long we have to
predict for, and we're going to bound whet her or not
the site is going to be air-cool ed or not air-cool ed.

And it seens to ne that we need to ki nd of
devel op, first of all, what are the set of things we
have to bound in order to mmke predictions? The
second thing we need to do then is to approach these
boundi ng situati ons and say what i s a reasonabl e wor st
case, not what is the worst case, but what's an
intelligent, reasonable worst case in each of these
boundi ng cat egori es? And then with that set of

probl enms, we can, |ike the work the helicopter people
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shoul d have done, we can then begin to bound the
environnents and t he tenperat ures and t he questi on of
the availability of water.

So |I think that we need to develop
sonmething |ike that or whatever can we in fact work
wi th, because, as Joe Payer is struggling with this,
and | know that others have struggled with it, that,
well, they can't figure out howthis is goingto work,
how t he environnment's going to react and gi ve us plus
or m nus one or howthe environment is goingto -- how
much wat er do we need? Well, it's a struggle, because
we don't know, and so we've got to recognize we don't
know and step back and say we've got to bound that
sone way.

So | would like to see that process
organi zed sonehow that we devel op the categories of
boundi ng, devel op a set of worst cases for boundi ng
and then see if we can't nake progress with nodeling
on that kind of a basis.

DR. GARRICK: Thank you. There he is,
Steve. |'ve been wondering where you were. | can't
see you behind that post.

MR. FRI SHVAN:. |'ve been wondering where
you were. | can't see you in front of the post.

(Laughter.)
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Steve Frishman, State of Nevada. Just a
coupl e of quick observations that | think are maybe
important for you to at |east notice, maybe not the
sanme way | did, but at least notice. One is there's
an interesting line on one of John Kessler's
vi ewgraphs, and that's on Page 7 at the bottom He
says, "Pessim smcan be replaced with nore realismat
a time when nore confidence is required, perhaps at a
| at er stage of repository devel opnment.™ Well, I think
that that's fine in the sense that | noticed a few
peopl e seened to agree with that i n one way or anot her
when he was saying it and when it cane up, at least in
part, in discussion |ater.

But | think you al so have to renmenber t hat
there's no room for this concept under the current
regul ation. And that is that when nore confidence is
requi red, the way the regul ati on reads the confi dence
that is required is to support the decision about
whether a Jlicense or whether a construction
aut horization is issued or not. This is not a staged
program of building confidence to the point -- and
| " ve been through this with you col |l ectively a nunber
of tines, and it needs to be remenbered, because this
type of talk is becoming sort of nore built into the

system once again as the concept of staging is
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emer gi ng.

Wll, the NRC sruleas it stands today is
not a staged rul e under the concept of you build and
build and build. And | think it's necessary to
understand once again that the confidence that is
necessary is the confidence that can be elicited
t hrough denpbnstration at the tine a construction
authorization is issued, if it is to be issued. So
that's a point that | think you can't forget, evenin
your zeal to say that through tine we will know nore
and the inplication being, and in fact, actually, it
was stated explicitly yesterday, that through tinme we
can expect our understanding to be better and our
confidence to go up. Well, that's not necessarily
true. Through tinme we can expect that we will know
nore, but what we might knowin the addition of nore
is that we have |ess confidence rather than nore
confidence. It's just as possible.

Now, just one other point and that's that
at | east two of the nenbers today just inthe | ast few
m nutes pointed out that TSPA is, yes, a very
i mportant conponent in the whole effort that is
underway right now, but it nust be renenbered that
mainly TSPA is a very useful tool. And the purpose

and use of that tool, described differently but all
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comes out to about the sane, a useful tool for
understanding not only what you know but nore
i mportantly what you don't know.

The thing you have to renmenber, once
again, in your considerations around this table and
what advi ce you nay pass on to t he Comm ssion, is that
the licensing rul e doesn't have roomfor that either.
The licensing rule says that the outcone of the
per f ormance assessnent i s the statenent of conpliance
or not. And you in fact sonewhat endorsed that idea
in the past. So, yes, this discussion is wonderfu
and | think it's been a very good di scussion to have
had, it should have been had a very long tinme ago by
a nmuch broader base of people with a nuch broader
scope, but, yes, it's a good di scussiontoo far afield
at this point where all of a sudden you're sort of
giving way to the i dea that the perfornmance assessnent
somehow can be conprom sed by sone ot her neasure in a
deci sion of reasonable assurance or reasonable
expectati on or whatever.

The way the rule, whether you like it or
not, whether | like it or not, and we're trying to do
somet hi ng about that, by the way, what the rul e says
right nowis that the performance assessnment is the

statement of conpliance or not. So if you want to do
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somet hi ng about that, there may be others way to do
it, but I warn don't encourage that the concept of
reasonabl e expectation beginbuildinginwhat | circle
back to from John Kessler, the idea that when nore
confidence is needed. Well, that's just not the way
the structure is right now

| don't like the structure the way it is,
and |I've told you about that many tines, and, as |
said, we're trying to do sonething to change that. |
don't knowif we'll be successful. But at this late
date | don't think that it is wise to reconsider the
concept of perfornmance assessnent that will only build
sone new | evel of vagueness into what people m ght
think i s an acceptabl e way to nake a deci si on about a
construction authorization.

So, essentially, you guys participatedin
building the regulatory bed that we're all in right
now, for good or for bad, and I knowthat through past
things that it is possible if you begin tal ki ng about
how performance assessnment is a tool, which we have
all been saying for years anyway, that can get
translated i nto a deci si on for reasonabl e expectati on
or reasonabl e assurance or whatever it is called at
whatever tinme it is used, that can |lead to another

| evel of subjectivity sone new great idea once again
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that is all working very nmuch to the detrinment of
safety as far as | see it because each one, in ny
mnd, is a new way to conprom se on the applicant's
original responsibility, which is to denonstrate
safety on the front end and denobnstrate it to the
extent that it has a scientific basis to it. So
that's ny warning for this week. Thank you.

DR. GARRI CK: Thanks, Steve. One of the
things | think | nentioned at the beginning and
sonewhere along the way i s that the Conmttee does its
best to address the technical issues and is not the
body that nmkes the decision about whether or not a
licenseisinconpliance. W are not |icense experts,
we're not regulation experts. W're here to
conmpl ement the regul atory process but be focused on
what is going on from a technical standpoint. So
there is that point to nake.

And i n that context, the idea that some of
t he things that have been said about confidence and
uncertainty are clearly appropriate. | agree with you
that in the end the decisions have to be nmade on the
basi s of conpliance with the regul ati ons and t he | egal
structure that is involved.

Okay. Are there any other coments? |

think what 1'd like to do -- | think people are kind
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of wrung out. I'd like to wap this up. W have
systematically been | osi ng our panel, and you' ve not
-- you don't need to hear anynore speeches from ne
especially. So let ne just in about two m nutes just
throw out a few thoughts that are in the nature of
sound bites, if you wi sh, on the neeting and bring the
wor ki ng group session to close. And then we'll take
our break and the Conmittee will reconvene and get
intoour report witing discussion session, et cetera,
et cetera.

W' ve heard a | ot about the i ssues that we
identifiedasthenes for the neeting, particularlythe
issue of realism and we've given quite a bit of
di scussi on about why we're interestedinrealism and
| don't think we need to build on that anynore, and |
think that to alarge extent the goals of the workshop
or the working group session have been fulfilled in
t hat regard.

The DCE st af f i dentifi ed degradati on nodes
of waste packages as a mmjor source of nodeling
uncertainty. W pursued this issue of where are the
principal sources of uncertainty, et cetera. NRC
identified source termrel ease as a mjor source of
uncertainty, and of course we've known for alongtinme

that this is an area of consi derable concern to the
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st akehol ders.

We did our wusual canpaign for sinple
nodels and the wusefulness thereof, and we were
cautioned in this discussion about the need for
bal ance between sinmplicity and the drive to add
conmpl exity to our nodels. W heard | ots of di scussion
of areas of considerable disagreenent, such as
di sagreements about the potential for extrene
corrosive environments to exist on the surfaces of
drip shields and waste packages. W heard
consi der abl e di scussi on about the assunption that al
solubl e radionuclides will be captured at the 18
ki | omet er boundary and sone of t he opi nions withinthe
group about the extrene conservati sminvol ved t here.
We di scussed t he assunption that juvenile failures of
wast e packages will be extrenely rare, and t hey shoul d
be exam ned based on t he non-uni formty of wel di ng and
annealing skill levels inthe industries that dothis
sort of thing, such as the steel industry.

We had sonme very interesting discussion
about the waste package environnent and such matters
as how solubility depends on the mneral phases
present, and the point was made very clearly that if
t he assumed phases are wong, the solubilities wll

al so be wong. W also had a good di scussion on the
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need for field scal e data on radi onuclide retardation
in particular and a nunber of other issues that |

t hi nk we' ve adequately discussed inthis |ast half an

hour .

So unl ess there's sonebody that wi shes to
make sone final remarks, 1'd |ike to thank everybody
that was here and who participated. | thought the

conments that were made were made freely and openly,
and | agree with Judy and others that we need to have
nore time on sone of these issues to nore
appropriately address them in an increasingly
uni nhi bited fashion. And we'll have to figure out
what's the best forum

W also want to thank the contribution
made from San Antonio and the staff fromthe Center
and everybody else for attending and show ng the
patience to listen to a lot of discussion and
deliberation on a very conplex issue but an issue
that's an extremely inportant to our nation. And
let's hope that we can continue to ferret out the
i ssues in a manner that i ndeed at the appropriate tine
will take the form of a useful basis for decision-
maki ng.

Nei |, do you have any closing? | want to

t hank Nei | Col eman agai n for his assi stance in putting
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t oget her t he worki ng group session as well as M ke and
anybody else that was involved, because these are
difficult things to arrange considering the | evel of
peopl e that are involved and all of the other things
that are going on at this time. So have | left --
Andy?

DR. CAWVPBELL: 1 just wanted to thank the
menbers of ny staff, Chris G ossman and Dave Esh and
everybody el se, and the fol ks at the Center, for the
t remendous support that they' ve provi dedin givingyou
i nformation that you needed.

DR. GARRICK: Yes. Yes. Thank you very
much. So unl ess there are peopl e wanting to say nore,

|'m going to turn the neeting back over to our

Chai rman, and we'll take our break now, | think, and
then we'll come back in for our report witing
sessi on.

CHAI RVAN HORNBERGER:  Ckay. Thank you,
John. | don't see any ot her hands up, so we will take
a break until -- howlong a break do we want, MIt, 20
m nutes, 15 mnutes? Five o' clock? Fifteen-mnute
br eak.

(Wher eupon, at 4:41 p. m, the ACNWneeti ng

was concl uded.)
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