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DUQUETTE: Good norning. For those of you who may be
new-there aren't too many of you--1'm David Duquette,
Chair of the Executive Conmmttee of the Board. W have a
very busy day today, continuing on the erosion behavior of
the canister and thermal pulse. Mst of the, | think al
of today's presentations will be by the Departnent of
Energy and I'mnot going to take too nuch tine this norning
except to say that | hope before the day is over the
environment at |least will be described, the environnent
that we're dealing with in this particular case, and
whet her there is inhibition or not inhibition, whether the
nitrate is inportant or not inportant, whether the dust is
acid or basic or whatever the situation is. | hope all of
that will be addressed this norning. So, w thout any
further adieu, I"'mgoing to introduce the first speaker.
Mar garet, would you cone up and nake a few coments on
regul atory requirenents?

CHU: Good norning. There are a |ot |ess people today
t han yesterday.

DUQUETTE:  Yes.

CHU. It was a long day yesterday. |It's going to be
| onger.

You know, the reason | asked for 10 m nutes to

make a few remarks this norning is--can you hear okay?
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Okay. Well, ever since | received the letter fromthe
Board on Cctober 21st, | have been thinking about a
statenment in the letter, which actually turned out it was
on the Board's view graph yesterday. The quote, unquote,
"Total system performance assessnent should not be used to
di sm ss corrosion concerns.” But yesterday's presentation
gave ne a little nore insight as to what that neans but it
really is the reason | want to spend 10 m nutes.

You know, | indicated in my response back to the
Board that we would not dismss the corrosion concerns and
| al so pointed out that performance assessnment is a
required part of the denonstration of conpliance with the
safety requirements established by the NRC. And then, |
would i ke to take a few m nutes today to expand on this
poi nt because | think that's a very inportant point. |
want to make sure we are all on the sane page.

You know, under the law, the repository has to
nmeet a safety standard defined by the EPA and i npl enent ed
by NRC on 10 CFR 63. This standard is philosophically
okay. The framework is a risk-based--no, |I'msorry, risk-
informed--the NRC, they don't |ike the word risk-based.

Ri sk-infornmed and perfornmance-based standard. So |I'm going
to kind of dissect those two parts a little bit.

We all know the definition of risk. You know, we

call it arisk triplet. Wat it nmeans is what can go
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wong, howlikely it is, and what is the consequence.
Everybody knows that.

So the regul ation requires that we consider the
probability as well as the consequences of all features,
events and processes that could affect the performance of
the repository. So this is the risk-informed part.

The second part is the performance-based. As for
t he perfornmance-based part, the regulation focuses on the
overall performance of the repository at a system/| evel
rat her than on the behavior of the individual conponents
separately. As you all know, the post-closure safety

standard is an annual dose not exceeding 15 mlliremto the

reasonably maxi mal |y exposed individual. So that is the
overall system | evel performance objective, 15 mllirem
dose.

And then there's another inportant point in 10
CFR 63. It requires us to denonstrate that there is a
reasonabl e expectation, not an absolute certainty, that the
repository will neet that standard, that requirenent, 15
mllirem Section 63.304 states that absolute proof is
i npossi ble to obtain due to the uncertainty of projecting
| ong-term performance. 10,000 years is just too far for us
to know for certain. "Reasonable expectation", that quote
in the rules, focuses on the full range of defensible and

reasonabl e paranmeter distributions. And then it
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specifically says, please do not use extrene physi cal
situations and paraneter values. And so, they recognize
the uncertainty and say, you're uncertain, you have to be
defensi bl e and reasonable. Don't go to the extrene.

And then, last Fall there was a presentation from
NRC s Chair, M. D az, and he made a speech on this whole
concept. He nmade a very good point. He said if you go to
the extreme, are ultra conservative, go to, you know, the
end point of a scenario, your answer is going to be nmasked
by that scenario and you actually would divert your
resource on |l ooking at what's really inportant, what the
real risks are. So, there is a balance on how nuch
uncertainty you put in. And so, you know, | personally am
pl eased that we're starting to putting back, for exanple,
yesterday you heard the presentation on seism c end because
that really bothered ne, when it's unlimted, unbound,
because everybody knew that it was unreasonable. W
started to pull it back because the reasonabl eness test is
an inportant part.

So, and then the regul ation says a total system
performance, TSPA, is required to project a |l ong-term dose
fromrel eases fromthe repository. So the regul ati ons say
this is how, you're going to show us how to denonstrate our
15 mllirem okay, of the |evel.

And then please bear with ne. ['mgoing to quote
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you a little bit. NRC describes perfornmance assessnent
this way: He says "It's a systematic--that's the inportant
wor ds--systematic analysis that identifies the features,
events and processes that mght affect perfornmance of the
geol ogical repository.” You' re supposed to exanm ne their
effects on performance and estimate the radiol ogical
exposures, including incorporating the probability that the
estimated exposures will occur to the reasonably maxi mally
exposed individual during the 10, 000-year conpliance

peri od.

The regul ation al so says, you know, if it's very
unlikely then, less than 10 to mnus 8, never m nd. Don't
worry about that. Okay, so there's sone second tier.

So fromthis descriptionis it clear that
features, events and processes are the underlying
foundation for the devel opnent of a TSPA. So the TSPA is
t he net hodol ogy used to roll up and integrate the effects
of all the features, events and processes, and to cal cul ate
their conbined inpact on the expected dose. This roll-up
takes into account the probability, the consequences and
the uncertainties. | know a |ot of people know what this
TSPA, this conposite thing nmeans. It is a different
concept because the final result of TSPA is a distribution
of outcone. There's no single story in the final outcone

of TSPA. You can't say, you can't shoot a novie paid from
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time zero to tine 10,000 years, say this is what | expect
wi || happen. Rather, it's a conbination of a possible
spectrum of evol ution, of the behavior of the repository.
So it's a conposite story you' ve got to see because we
can't predict sonething uncertain, so we can't describe the
evolution and say this is how many packages is going to
corrode because of this and that because spectrumthings
can happen. There are certainty of chem cal condition, you
know, and everything, so therefore, so when you do TSPA,
you take that uncertainty, the probability of

consi deration, you sanple them that reflects the
uncertainty and probability and then you roll all of them
up. Al of a sudden you see this big distribution of dose,
and then this is really representing this whol e spectrum of
possibilities.

So ny point is TSPA itself cannot be used to
dism ss anything. |If you do it right, okay? One can argue
and debate on the technical basis, or the lack of it, of
underlying processes that are used to--you know, before it
got rolled up. And this is what we're doing | ater today,
is the individual processes that we are presenting.

And then this inportant point: |If a process is
inmportant to the overall safety of the repository in this
conposite picture, you will and should show up as inportant

to the TSPA, unless you do it right, unless the techni cal
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basis is inmportant. And, if sonething is inportant to
certain conditions, but if it turns out that it's a mnor
effect out of the whole schene, you would not show up as
very inmpacting in the big picture.

In fact, you know, a detail ed understandi ng of
the inmportance of a particul ar engi neered or natural of the
are to the performance of the overall repository systemis
frequently best understood through TSPA. | renenber when
was wor king on WPP, we used TSPA to determ ne data
sufficiency, to determne, to prioritize R and D work, and
so on. Because it can be a very powerful tool to put you
in the right perspective at the system

After saying all that, TSPA is not the only
factor in conpliance determnation by NRC. NRC will also
consi der several other inportant factors. The first one is
mul tiple barriers. NRC says because of the inherent
uncertainties, the natural barrier and the engi neered
barrier systemneed to work in conbination to enhance the
resiliency of the geological repository. So therefore, if
sone conponent turns out it's not inmportant to TSPA--waste
pack for exanple, that there's some questions, can you
ignore it? No. NRC says you have to have that because of
mul tiple barrier concept.

Now t he second factor is the Quality Assurance

Program and we're all very famliar--1 want to make sure
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absol utely sure you have done what you say you have done,
it's well docunented, followi ng this rigorous procedure.
So that's the confidence NRC needs to have.

The third factor is the performance confirmation
program |Is that you have putting all these assunptions in
the data and analysis in your |license application. It may
| ook good during the license application tinme, and then
they require us to plan a | ong-term performance
confirmation programand say we want verification, we want
you to nonitor the inportant assunptions in data, so we
know because 50 years down the road, we know there's
not hi ng wr ong.

And finally, you all renenber that there's a
retrievability programrequired by NRC in case everything
you have done is wong, okay? People all did the wong
stuff. They want to have a retrievability option open, can
al ways go and retrieve everything so there will be no
di sasters. So this is sort of the whole schene of the
phi | osophy of 10 CFR 63.

Now, today we're going to focus on sone of the
key corrosion-rel ated processes that are considered in the
TSPA. You're going to hear today what we consider as the
technical basis for the treatnment of the in-drift
envi ronment and corrosion.

| want to re-enphasize that the fact that a
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process |like certain waste package corrosi on nechani sns

m ght occur in the repository justifies the inclusion of
the process in the determ nation of conpliance with safety
requi renents. However, the existence of such a process
does not by itself determ ne whether the repository will or
will not conmply with the standard. Both the probability
and the consequences of that process, together with

associ ated uncertainties nust be taken into account through
the TSPA to determ ne how i nportant that particul ar process
is in the context of all other processes that contribute to
the total risk fromthe repository. So | just want to

rem nd everybody, today is very inportant. Corrosion is a
very inmportant mechanism But it is the one process out of
very many eventually we have to roll out. And then, this
is the essence of the risk-informed perfornmance-based
standard that the repository nust neet.

So in conclusion, you will hear technical
presentations related to corrosion during thermal period
later, we will not present TSPA today. However, today's
presentations are the underlying processes that we w |l
need to roll up together with all other possible processes
into the TSPA. And we will discuss the TSPA conclusions in
nore detail when we present our work to the Board in our
Sept enber neeting. Thank you.

Any questions? |Is ny tinme up?
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DUQUETTE: Duquette, Board. Margaret, thank you very
much for your comments. |'m speaking for nyself when | say
this, certainly not the Board. But | don't think you
shoul d take the comment in the |etter about TSPA out of
context. | don't think anyone on the Board wants to
di smi ss TSPA under any circunmstances. | think the letter
identifies a potentially avoi dable problemw th the
repository. And, | think that was really the thrust of the
letter. Again, based on information that had been given to
us, it isn't clear, for exanple, whether the environnent
will inhibit corrosion. The data that was available to us
both fromthe center in San Antonio and from your own
researchers who indicated that there was a potential for
corrosion. | think that's all the letter identifies at
this particular point. I'mreally glad to see the effort
that the departnent, that EPRI, the other, that the state
and NRC to put into addressing this problem But | want to
say one nore tine it's nmy opinion that TSPA is not
di sm ssed by the Board under any circunstances. W fully
under stand that TSPA can be satisfied wthout even
considering the corrosion issue, but I as an individual am
very concerned about conprom sing any of the barriers if it
can be avoided. And that really is where | think the
letter was comng from

CHU. Thank you, and, like |I say, yesterday norning,
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and we really appreciate that, and it really helped us to
focus sone the work, new work, we're actually turning out
some new work to address sone of the issues. And what |
want to enphasize today is these are eventually, it's due
toroll-up of all the process that's going to determ ne the
ultimate outcone, but of course, in the neantine, we want
to have the best technical defense of all the underlying
processes. Corrosion is a prinme, critical process that we
are addressing. You know, we take those technical issues
very seriously.

DUQUETTE: Thank you, Margaret.

CHU. Thank you.

DUQUETTE: Dr. Latanision?

LATANI SI ON:  Latani sion, Board. | just want to echo
what Dave Duquette has said. You know, as an engineer |'m
pretty pragmatic and | | ook at TSPA as being obviously a
very inportant and powerful tool, but if I'"'min a position
where | have the choice as an engi neer of avoiding a
problem which | believe I can do through a design
decision, and | have as the alternative using a predictive
nodel , a predictive process to help ne in assessi ng whet her

sonme event has a high or | ow probability and what the

consequences mght be, I"'mnore apt to choose to avoid the
pr obl em
CHU: | understand.
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LATANISION:  And | think that's really in a nutshel
where we're at. | mean it's not dismssing the inportance
of TSPA. W recognize that it's an inportant tool, it's
part of the conpliance process and we're fully on-board in
t hat context.

CHU. | fully appreciate that point. Thanks.

MR. LATANI SION:  Thank you.

DUQUETTE: Thank you, Margaret.

CHU. Thank you.

DUQUETTE: | think we'll get the neeting back on
schedul e. The next presentation is an introduction to
presentati ons addressing the Nucl ear Waste Techni cal Revi ew
Board's comments in a Novenber 25th, 2003 letter, which is
what we're tal king about. That's going to be presented
by- - Robert or Bob?

ANDREWS:  Bob.

DUQUETTE: Bob Andrews. Ckay.

ANDREWS:  kay, thank you and good norning. It's an
honor and pleasure to be here to introduce these three fine
young nen who are going to be followwng ne with the actua
techni cal discussions. You can pay ne |ater for the
conplinment. Bo, Carl and Joe, and I'Ill tal k about what
they are going to say as an introduction and they w |
provi de the technical details and bases for their

conclusions and the additional data and anal yses that have
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but to address, nore inportantly, the role of the
environment and the role of the waste package and the
corrosi on degradation nechani sns as they affect the
repository facility, not only froma performance
assessnment, a total system perfornmance assessnent
perspective, but fromhowit's going to be docunented in
the safety and analysis report that John Arthur talked to
you about yesterday.

So if I can have ny first slide. Wat | want to do
just give the background, which | think was gone over a
little bit yesterday, but I want to go sort of point by
poi nt through the sequence of events that led us to the
Novenber--led us all to the Novenber 25th |etter, and to
today, essentially, go to what we're going to tal k about
today and what we're not going to tal k about today, and
t hen introduce the subject matter and the speakers in the
context of comments nmade in the letter itself, and in the
executive summary of that letter so we can put it into
direct focus with respect to the cormments that we are
addressing today. Next slide, please.

As was di scussed yesterday, the Board was

presented with a lot of information |ast January, January,
2003, and May of 2003. January kind of focused on

corrosion, corrosion testing, information avail able as of

349

S
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January of 2003 with respect to corrosion testing in a
range of environnents.

That was followed up by the May presentations
whi ch generally focused on three parts, which focused on
seepage in a nature environment that affects seepage into
drifts because if there is no seepage then the effects of
the chem stry in the rock are somewhat mtigated because
the chem stry of the rock never get into the drift. So we
had the di scussi on on seepage and thernmal seepage. W
followed that wth a discussion on chemstry, chemstry in
the rock and chem stry in the drift and the evol ution of
that chem stry in the rock and in the drift as it affects
t he degradation nodes of the materials that are in the
drift.

Then we followed that with a third presentation
in May on the data available at that tine on testing in a
range of environnments with |ocalized corrosion testing,
crevice corrosion and general corrosion and eval uati ons of
Al'l oy 22 degradation in the range of environnents.

Those presentations the board commented on in a
letter in June identifying sone potential questions,
potential, | think the way they phrased it was sone initial
reactions associated with the presentations that were in
May. | think the departnent then--next slide, John--

responded to that in October concluding that there was
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insignificant corrosion above the boiling point, in |large
part, due to the |lack of seepage during the thermal period,
and the primarily benign deliquescent brines. Wen things
di d deliquesce, those brines were generally of a non-
corrosive nature, i.e., highin nitrate concentration. And
t hey al so acknow edge, or the Departnent acknow edged t hat
there was insignificant corrosion below the boiling point
of water primarily because of benign seepage conditions.

So when you got to that point in the thermal hydrol ogic
evol ution where seepage could occur, the chem stry of the
fluids in the rock that could conme into contact with
materials in the drift was al so benign.

Cct ober 21st, the board provided a letter to the
departnment summarizing their conclusions related to
corrosion. Cctober 27th, we responded noting that the
corrosion testing that was presented at the May neeting and
sonme subsequent testing that | think had been provided to
t he Board subsequent to that May neeting through its series
of interchanges with the Board provided an inconplete
pi cture of the overall corrosion story in the range of
i kely environnents that should be considered.

On Novenber 25th, the board did wite their
report which they had nentioned in the Cctober letter, and
it's that report with its conclusions that we want to

address today. It had a cover letter and then the actual
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body of the report, and as noted yesterday, there was an
attachnment to the report by one of the board nenbers
acknow edgi ng three other issues that he felt were rel evant
to the discussion of deliquescent brines and the effects,
potential effects of deliquescent brines on the

per f or mance.

So today, what we want to do is answer the
guestions, the concerns, the issues raised in that Novenber
25th transmttal fromthe board to the departnent and to
particularly focus on those aspects during the thernma
pul se, as it has been described, although we haven't
defined thermal pulse. The repository is in a therm
period for its whole tinme period, will be in a thernma
period through its whole tine period no matter what therm
| oadi ng strategy mght be, so we will focus on information
that affects repository performance during the whol e
t hermal period today.

W' ve broken this series of presentations into
four presentations, and let nme wal k through the |ogic of
why we broke it into four. First off, the degradation
characteristics of Alloy 22, | think everybody acknow edges
our function of the environnent in which the waste package
sits. That environnent is a thermal environnment, it's a
hydrol ogi c environnent, it's a chem cal environnent, and in

fact, it's a nechanical environnment as well. And those
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t hermal , hydronmechani cal processes and conditions do affect
t he degradation characteristics of the Alloy 22, as do sone
ot her engi neering aspects associated with the formation,
construction, fabrication of the waste package itself.

So, but we don't want to junp into Alloy 22
degradation. W want to put it into the context of the
environnment in which it sits. That environnent is, first
of f, affected by the chem cal environnment but the chem cal
environment is in fact affected by the thermal environnent.

And we broke the chem cal environnment discussion into two
separate parts that Carl is going to talk about. The part
this afternoon is reserved for kind of the aqueous
chem stry, the chemistry evolution in the rock and the
chem stry evolution in the drift in an aqueous type
environment, i.e., generally in the belowboiling type
condi ti ons.

This nmorning we're going to directly focus,
because the board's letter and executive summary focused on
t he deliquescent part of the chem stry. That is the period
when it is not only dry, there's not aqueous conditions
fromthe rock in the drift, but that we do have dust and
dust will deliquesce. Salts in the dust will deliquesce at
a range of different humdities and have different
conditions with respect to the corrosi on nmechani sns on

All oy 22.
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So Carl Steefel will talk specifically about the
dust issue, the chem stry of the dust within the therm
hydrol ogi c environnent that exists in the drift because you
cannot separate how the dust behaves fromthe tenperature
and humdity conditions in which that dust and the salts
within that dust are sitting. So we wanted to wal k t hrough
t he hydrol ogy and thermal hydrology first, then go to the
dust part of the chem stry second, go to the aqueous part
of the chemstry third and finally wap it up with what
does all those environnent issues nean with respect to the
degradation characteristics of Alloy 22. And then I wll
have sone concludi ng comments at the end of the day.

If I can go to the next slide.

In addition to tal king about what we are going to
tal k about, it's useful to talk about what we're not going
to tal k about so we can also put this into context.

We're not going to discuss all of the board's
guestions in the report. Qur aimwas in the tine allotted
today was to focus on what was deened to be the nost
crucial aspects in the cover letter and in the executive
summary, which was the deliquescence of brines and therm
evolution that affects that deliquescent of salts in the
repository environnment during thermal pulse.

So there are a nunber of other aspects raised in the

Board's letter, and we're not going to focus on--or the
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report, | should say, and we're not going to focus on a
nunber of those other elenents. W would be pleased to do
that at a later time if desired by the Board.

We're al so not going to focus on other el enents
of repository performance. |'mgoing to have a brief
introduction to sone of themhere in a few slides, but our
focus is not on other elements of the system | think the
Board recogni zed both in the cover letter and in the report
itself that there are other elenents of the systemthat
affect the overall repository performance, that were al so
not the focus of that letter, that could affect the results
of the total system performance assessnent, and in fact do
affect the results. So we're not going to discuss those.

And | think it's also inportant to point out that
we're not going to discuss the |ow probability, disruptive
type events that could affect the characteristics of the
drift after the repository is closed. One of those we
tal ked about a little bit yesterday. That's the seismc
event. We talked about the initiation part of the seismc
event yesterday, the consequences, the effects and
consequences of a seismc event, potentially a | ow
probability seism c and high velocity seism c event which
can affect the degradation of the drift and can affect the
thermal environnment and can affect the performance of the

drip shield and the waste package in that environnent, are
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not going to be discussed. Qur focus is on the nost likely
performance, i.e., the probabilities of 99 percent, 99.9
percent of the time, not the .1 percent of the tine that
may occur if a 10 to the mnus six seismc event, for
exanpl e, occurred in the first thousand years of repository
operation. So our focus is going to be on what we think is
the nost likely and the uncertainty in that nost likely
occurrence, not the |l ow probability features, events,
t hings that also have to be considered in the post-
per f ormance assessnent.

And 1'mgoing to say that we have a day here.
And a day might seema long tine, but I can tell you each
one of these speakers, we had to trimdown their stuff to
get it into a day. So there is additional information
avai l able. That additional information is being provided
in the updates of the analysis and nodel reports that John
Arthur tal ked about yesterday, and actually would be
included in the SAR the safety analysis report. So, we're
focused on answering the Board's questions in the tine
allotted and there is additional information avail able that
sonmetinmes the nmenbers will talk to. Next slide.

kay, it's probably useful to put this into sone
overall context. | don't want to say system perfornmance
assessnment, but a systemis context, to first acknow edge

that the whole repository systemis built of a | arge nunber
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of features and those features act as barriers and there
are three requirenents for barriers. Has nothing to do
W th system performance, but has to do with keepi ng water
away fromthe waste, limting radionuclide release and
del ayi ng radi onuclide transports, so there are a nunber of
features in this systemthat provide one or nore of those
functions froma repository performance perspective.

We're going to focus in on one of those features
today. That feature is the waste package, effectively.
And that waste package is affected by the environnment in
which it sits. It is affected by the Allow 22 degradati on,
it's affected by the tenperature, by the humdity, by the
hydr ol ogy, by the nechanics, i.e., the stresses that it
sees, and by the chemistry. But we're not going to talk
about the other features, but rest assured those other
features and conponents are included in the overall post-
closure safety analysis that will be described in the
safety and anal ysis report.

Wthin each of those features, and in particular
the features in the drift, there are a nunber of processes.
Ther mal nechani cal, hydrol ogi ¢ chem cal processes that go
on. They go on with time. They will go on with tine no
matter what design is chosen for this facility, things wll
evol ve. Tenperatures will evolve, chem stries will evolve,

hydrol ogy will evolve. Take a sinple exanple of climate.
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We know climate will change and the evol ution of that
climate change has to be factored in and included in the
assessnment of how the repository behaves during the 10, 000-
year regulatory tinme period.

These processes are all describe by nodels.

Those nodels are built on data. Those data are, in sone
cases, in-situ data when that's avail able, sonetines by

| aboratory test type data, sonetines by anal og information,
and sonetinmes by other literature information. And in sone
cases those nodels are substantiated and supported by ot her
i nes of evidence including work done by others. And sone
of our presenters today wll present sonme work done by
others, not the project, to support and eval uate the
applicability of their nodels with respect to other

peopl e's tests.

Bo, for exanple will talk about sone tests done
at the Center with respect to thermal hydrol ogy and therm
seepage, and a conparison of our nodel with their test and
its information and the rel evance of that test and
information to our projections of repository behavior.

Joe will present sonme information also fromthe
Center on their testing with respect to | ocalized corrosion
and critical potentials and corrosion potential s.

Carl will present sonme information from Catholic

Uni versity and the rel evance of that with respect to the



© 00 N oo o B~ w N P

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

359

environments that we think are going to evolve within the
drift. So we're not just using our own data and
information, we're using that information that's avail able
fromothers as a conparison and a test, if you wll, of our
own nodel s and anal yses.

There is uncertainty in all of the above. Al of
t he nodel s have uncertainty, the data have uncertainty, the
par aneters have uncertainty, and those uncertainties need
to be addressed in the assessnent of conpliance with the
Part 63 requirenents.

There's also, as | said earlier, some unlikely
events that have to be assessed if their probability is
greater than 10 to the mnus 4 of occurring during the
10, 000-year tinme period. And all of that, as Margaret
said, has to ultimately be rolled up into an assessnent of
ri sk because the conpliance neasure for Part 63, for Yucca
Mountain, is a risk-based performance type standard, so the
uncertainties, the low |likelihood of features and events
have to be considered and addressed and incl uded or
appropriately excluded fromthe assessnent of the
reposi tory performance.

So if I can go on to the next slide. And what
l"mgoing to do is on the |left side have the actual Board's
quotes fromeither the executive summary or fromthe letter

itself, I think Dr. Latanision yesterday norning sunmari zed
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the Board comments and | think the speakers, Dr. Cerling
followed that up with then sunmaries of these, but |'ve put
the actual quotes that are going to be the focus of our
foll ow ng di scussi on.

Okay, | think I will read these actually, even
t hough they are up there. "The Board believes"--this is in
the cover letter--"that all the conditions necessary to
initiate |ocalized corrosion of the waste package w ||
likely be present during the thermal pul se because of the
del i quescence of salts on waste package surfaces, and thus
it is likely that deliquescence-induced |ocalized corrosion
will be initiated during the thermal pulse.™

They go on to say, "Limted data exam ned to date
i ndi cate that dust, which would be present on the proposed
tunnel s and whi ch woul d be deposited on waste packages,
contai ns cal ciumchloride and magnesium chloride salts in
anounts sufficient for the devel opnent of concentrated
brines through deliquescence."

And finally, "Corrosion experinments indicate that
| ocalized corrosion is likely to be initiated if waste
package surface tenperatures are above 140 C and if
concentrated brines such as would be fornmed by the
del i quescence of cal cium and magnesi um chl ori de are
present."

So for each one of those, we've broken it up into
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the rel evant parts of those sentences and the rel evant
parts of the talks. [It's inpossible to talk about
del i quescence of salts w thout understanding the
tenperature and humdity in which those salts are sitting.
So Bo will present the hydrol ogy part, including the

tenperature and hum dity and the range of likely
tenperature, humdity profiles that are existent in the
rock. And, in the drift on the package.

And, it's inportant to put those into context.
These are results that are plotted in a little bit
different way. We'Ill see when you get to the presentations
and what we've presented |ast May, fundanentally they are
the sane. There's a little nore uncertainty included in
t hermal hydrol ogic response that Bo will talk about, but
we're going to plot themas tenperature humdity profiles
rather than tenperature time or humdity tinme profiles
because each package will essentially see its own
tenperature/humdity relationship and it's that package and
its response to that tenperature and humdity that's in
fact inportant that we want to talk about. So Bo will put
that into context, so stay tuned for the tenperature and
hum dity rel ationshi ps as they change with tinme through the
repository life.

Carl will then present information that neither

cal ci um nor magnesium chloride salts are present in the
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cal cium chl oride or magnesium chloride salts sitting on the
package Carl will discuss and discuss why that's not true.

Carl will also present information that, even if
those salts existed in our environnment so we had cal ci um
chloride or magnesium chloride salt sitting on the waste
package that would quickly transition to a nore stable
phase, either through acid gas evol ution at higher
t enperatures or even under nom nal tenperatures and
hum dities, i.e., anbient tenperatures and humdity. It
woul d evol ve into a nore stable phase.

Joe will then present information that, given
t hose conditions, that the probability of |ocalized
corrosion being initiated during this tinme period is
extrenely | ow and that w despread corrosion, |ocalized
corrosion as discussed in the Board's comment does not
occur, for a variety of reasons, and Joe will present the
data that support those concl usions.

Going on to the next Board conmment in the
executive summary, the Board had comments associated with
the thermal effects, and |'mpresenting this in the order
that they are in the letter rather than ranging it by
tenperature and chem stry and corrosi on because that's the
way the letter was witten. "The board believes that

t enperature cal cul ati ons may be inaccurate because (1) the
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DCE' s rock mass thermal conductivity estimates for the
lower lith may be too high, the insulating effect of
rockfall and drift degradation are not included and the
effects of in-drift, in-rock natural ventilation and air
circul ati on have not been accounted for."

Bo will present additional information today with
respect to the thermal conductivity and the incorporation
of thermal conductivity and its uncertainty in the
projections of the thermal hydrol ogic response. Mark
presented sone of the data upon which Bo will describe the
nodel s yesterday and those data are data available in the
lower lith at a range of different scales. Bo will also
tal k about the scale effect and the appropri at eness of
scal e when anal yzing the thermal hydrol ogi c response over
the scale of neters and tens of neters rather than
centinmeters or tens of centineters.

Bo will also discuss how the effects of drift
degradation, especially the high probability drift
degradation effects are included and addressed within the
t hermal hydrol ogi c and thernmal seepage and seepage
assessnents t hensel ves.

Bo will not discuss, as | said earlier, the
effects of the very |ow probability of drift degradation
responses. | think it's fair to say that extrenmely | ow

probabilities of 10 to the mnus 6 over, per year which is
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10 to the mnus 2 over the lifetine of the repository at
very hi gh peak ground velocities. | think the Board has
been presented results in the past that show that drifts
can have a significant degree of degradation. The
probability of that occurring during the thermal pul se,
during, let's just say for the first 1,000 years, to make
our calculation easier, is .1 percent. So we're going to
focus, as | said, on the 99.9 percent of the tinme, not that
.1 percent of the tine.

And finally, with respect to in-drift convection
and natural convection, the effects of in-drift convection
we're not going to talk about. There are condensation
effects. W have condensation included in the anal yses,
but the effects of condensation on chem stry and the
effects of condensation on, you know, hydrology in the
drift are not relevant, so we're going to delay that
di scussi on, too.

And the effects of natural ventilation through
the rock on the thermal hydrol ogic response, | think as
acknow edged by Dr. Cerling yesterday, probably have the
effect of decreasing the predicted tenperatures fromthe
tenperatures that we're going to project. | don't know if
that's conservative or non-conservative, to be honest with
you, but it has the effect of over-predicting the

tenperatures, so we're not going to discuss the effects of
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natural ventilation, natural convection on reducing the
t enperature projections.

The next one, seepage chem stry, and we're
hitting on these because, even though seepage chem stry
does not affect the deliquescence, they are two separate
i ssues of how the dust deliquesces or salts in the dust
del i quesce in the absence of liquid water coming in is one
part of an issue and seepage chem stry and aqueous
chem stry is another part of the issue. The Board did
raise it as a question in their executive summary. It
wasn't in the letter itself, but it was in the executive
summary. We thought it was inportant to put this in a
holistic context rather than only focus on dust
del i quescence, but to broaden it to the whol e evolution
during the thermal period, which can include seepage
chem stry.

"The Board believes the possibility of seepage
where the rocks are above boiling cannot be excluded, but
t hat seepage would nost likely be [imted. The DCE s
anal yses of water chem stries and their corrosive potenti al
are extrenmely conplex and suffer fromenpirical and
t heoreti cal weaknesses. Thus, the Board does not have a
hi gh degree of confidence in DOE s conclusion that any
seepage water woul d be dilute or noncorrosive, because the

nmet hods used in the DOE s anal yses have significant
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techni cal uncertainties.”

Wth respect to this particular question, Bo wll
first off address the thermal aspects and thermal seepage
aspects, present additional evidence in conparison to
alternative nodels, in this case to an NRC representation
of their test data, so using nmultiple |ines of evidence to
eval uate the thermal hydrol ogic, thermal seepage evol ution
in the rock.

Carl will go on and present additional
information to support the theoretical basis behind the
evolution of chem stry in the rock and the evol ution of
chem stry in the drift were that chem stry to cone into the
drift, to provide that additional information to support
t he nodel s that have been used in the propagation of the
anal yses of those nodels that have been used.

Finally, to put it into the context of what does
this mean to corrosion, Joe will provide additional
information of the degradation characteristics of Aloy 22
in that thermal environnment with that chem stry and the
range of chemstries that are likely. The uncertainty in
those chem stries that are likely and have to be
consi dered. Next slide.

Wth respect to significance of |ocalized
corrosion, "The Board believes that experinental evidence

is not adequate to denonstrate the corrosive conditions
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which will be present only briefly. The DOE has not
established whether nitrate will inhibit |ocalized
corrosion over the entire range of tenperatures in which
brines could exist. Furthernore, based on the DOE s
estimates, the Board believes there is anple chloride to
cause a significant anount of |ocalized corrosion.”

And they go in the cover letter to say, "Crevices
are wi despread on the waste packages, arising fromtheir
design as well as fromcontacts between the nmetal and dust
particles.”

So before Joe can tal k about |ocalized corrosion,
as | said several times, we have to put it into the context
of what are those environnents. So Bo and Carl will
present the environments, thermal environnments, humdity
envi ronnments, the seepage environnments and the chem stry
envi ronnments, both during the above-boiling phase and
bel ow boi | i ng phase.

Carl will discuss the anbunt of chloride that
actually is present during the thermal period in the rock
and in the drift if it were a salt, salt bed and
del i quesced.

Then, that will be followed wth Joe presenting
the corrosion information. There's not a |ot of additional
information collected since |last May on a range of

corrosion potentials and critical potentials, in a range of
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environments to better define where |ocalized corrosion is
likely to be initiated and where | ocalized corrosion is
unlikely to be initiated.

Joe will also discuss whether the rel evance of
dust with respect to severe crevices and a conparison of
t he dust against the severe crevices that are used within
the | aboratory testing program

The Board summarized their coments in their
cover letter by saying, "Thus, the board believes that
under the conditions associated with DOE's current high-
tenperature repository design, w despread corrosion of the
wast e package is likely to be initiated during the therm
pul se. "

Qoviously, fromall the previous slides that |'ve
presented, and the information that wll be presented
following ne, fromCarl and Bo and Joe, the DOE wil |
concl ude that wi despread corrosion of the waste package
wi |l not occur during the thermal pul se, so we disagree,
obvi ously, with your concl usion.

In summary, the Board's, as | think has been
noted several tines yesterday and again this norning, the
Board's letter and cover letter, executive summary and
report reflected the information that were available to the
Board essentially last May. There was sone additi onal

information presented through |ast summer that essentially
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refl ected a snapshot of available information through | ast
May and into |ast sumer. There's a |lot of additional
information that has been collected, a lot of sinulation, a
ot of integration of information that was maybe difficult
to present |ast May when the anal yses and nodel reports
upon which the information that was to be presented were in
fact not even in draft format that particular tine.

And, there were sone issues that were not
explicitly presented in May that |1've |isted here. For
exanple, we did not explicitly talk |ast May about the
effects and nmagni tude of drift degradation. | think there
had been previous earlier presentations to the Board prior
to last May on drift degradation effects that were
prelimnary anal yses that have since been revised with
updat ed nodel s and anal ysi s.

We did not explicitly last May tal k about thernal
hydrol ogic response. It was inplicit in starting wth the
tenperature tinme profiles and humdity time profiles, but
we did not tal k about the thermal hydrol ogi c nodels, the
bases of thermal hydrol ogic nodels, the validation of the
t hermal hydrol ogi c nodels or the uncertainty propagation of
the thermal hydrol ogi c nodels | ast My.

Nor did we tal k about the conposition of the
del i quescent brines. W acknow edged that there was salt

| ast May. We acknow edged there was chem stry in that salt
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| ast May, but we did not explicitly talk about what that
chem stry was, what the salts were and how those salts

evol ved and coul d deli quesce and what their Iikely chem cal
condition would be were they to deliquesce. It's
interesting to go back and | ook at the transcript of that
nmeeting and see there's a lot of lively discussion on this
particul ar issue towards the end of the neeting that kind
of got chopped sort of at the end of the neeting, and
hopefully that won't happen today. But, we never
explicitly tal ked about the chem stry evol ution of the dust
on the surface of the waste package.

And, in addition, the last bullet there, there's
a lot of additional information that we're pleased to
present today to the Board to address their specific
questions but that additional information also inproves the
techni cal bases of the entire safety analysis and entire
techni cal basis behind the total system performance
assessnment and ultimately inprove the technical bases of
the safety analysis report that will be submtted to NRC at
the end of the year.

So with that 1'mgoing to stop and entertain any
guestions for ne or we can wait for the nore technical
present ati ons.

DUQUETTE: Questions fromthe Board? Dan Bull en?
BULLEN: Bullen, Board. Can we go to slide 2 on the
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| eft-hand screen, please?

First, let nme conplinent you on a very detailed
and conpl ex TSPA that | know you guys are putting together
for the license application, but | kind of have a question
for you and we'll put it in the context of, we'll take it
out of the tine frame necessary to end this fiscal year or
cal endar year, and say, in the future, if sonme unnaned
regul atory agency should ask you, how nuch effort would it
take to evaluate a cooler design? Wat significant changes
woul d you have to nmake to this TSPA and how | ong woul d t hat
take if you got an RAI fromthat organization?

ANDREWS: Let's not answer the tine part, but it is
fair to answer what things would change. The therma
response of the repository affects the degradation of the
rock mass around the repository. It affects the seepage
and thermal seepage anal yses, it affects the chem stry
evolution in the rock mass, and in the drifts. So those
aspects which would be in, either by the way, but a
techni cal basis docunent--we had that presentation to the
Board last Fall, so technical basis docunents 3, 4, 5 and 6
woul d be inpacted and the anal yses and nodel upon which
t hey are based woul d be inpacted.

| do not believe personally any additional nodel
validation, you know, is required. | think the nodels are

valid over a range of thermal conditions. But additional
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anal yses and cal cul ati ons and desi gns woul d be required,

whi ch woul d take a significant amount of time. And, just
to set the record straight, the TSPA m ght be conpl ete, but
it's not conplex. And | think we have an opportunity to
talk to the Board in Septenber/Cctober tinme frame about the

TSPA and we are going to wel come that opportunity.

BULLEN: Bullen, Board. | guess just as a followup
tothat, I'"'ma little bit confused by the fact that you
didn't want to address tine. |If the repository at sone

point is going to be cool and you need to nodel a cool
repository, howdifficult is it to do that at a different
time frane in the lifetine of the repository?

ANDREWS:  Well, I'mnot sure | exactly understand the
guestion, Dan, but howit got to cool nakes a difference.

BULLEN: | understand. But if it never got to hot, is
there a very large change in the nodel requirements and the
time necessary to do that?

ANDREWS:  No, not the nodel--that's what | said, the
nodel s are essentially unchanged, but the anal ytical bases
has to still be performed. |In other words, the
cal cul ations of how you think it responds as a function of
time. Because the repository will respond, you know.

There will be--you are stressing the repository by the
openi ng of holes and introduction of waste that has heat,

so you have to anal yze that response nechanically,
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thermal |y, hydrol ogically and chem cally because that
affects how the repository behaves.

BULLEN: Bullen, Board. | guess the followup to that
guestion is is the analysis for a cooler repository
significantly different, nore difficult, less difficult?

ANDREWS:  The sane.

BULLEN: Ckay, thank you.

PARI ZEK:  Pari zek, Board. Bob, | found your
presentation very clear and nore or |ess the whole road map
of how the day is going to proceed. And for one, it would
be hel pful if, as each presenter gives their part of the
story, that they indicate what's new, what new dat a,
because you inply that you have done a | ot of additional
work, and that's helpful to the Board because we're
anal yzing on the basis of what we had. |If a |lot of new
information is to be provided, if the speakers could sort
of rem nd us of what's new because there's a ot going to
happen today and it will be kind of hard to keep track of
all of this.

ANDREWS:  |'msure they will.

PARI ZEK: And then | hope we will get a copy of
Margaret's conments as wel | .

ABKOW TZ: Abkowi tz, Board. Bob, | was just
reflecting on the EPRI presentation yesterday and sone of

your opening remarks and |I've sort of |eafed through sone
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of the summary positions that the remainder of the speakers
today will be tal king about. And, you know, there seens to
be a very enphatic statenment com ng back to the Board that
this is a non-starter. And so | was curious that if the
uncertainty in all of this area has now been renoved, is
there any consideration that you'll go to a hotter design?
And if not, why not?

ANDREWS:  Well, | won't speak for the Departnent on
whet her they're considering a hotter design or not. | can
tell you the bases for the |icense application, which is
our near-termgoal and objective, is the design that was
presented to the Board in January, and the analytical bases
for that has been presented to the Board in a nunber of
presentations, including the ones today. So there's no
short-term you know, plan to, if you will, go to a hotter
design. Is there any reason why you wouldn't go to a
hotter design? No technical reason necessarily. There
m ght be sonme point in the tenperature profile where you
don't want to be for other reasons, you know, design
operation type reasons, ventilation type reasons, or
whatever. But |I'mtrying to analyze the design that we
have and provide the bases for the performance assessnent
and the barrier analyses that are required for the safety
anal ysis report right now.

BULLEN: Bullen, Board. Just to follow up on that
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one. | think there still is a tenperature limt, isn't
there, at the clad credit? | nean do we want to not go
above 350 for the cladding so that's sort of the peak
repository tenperature and does that not drive it or is
t here- -

ANDREWS: There are sone design requirenents of that
nature for the cladding and for the drift wall that are not
per f or mance- based design requirenents, though, right now.

BULLEN: Thank you.

DUQUETTE: Questions or comments fromthe audi ence?

None. | want to thank you for not only being on
time, but being early. | think this is the first tinme in
this Board's history since |I've been on it.

The next speaker is on Thermal Hydrol ogic
Environnments and Thernmal Seepage by Bo Bodvarsson, who is
the Director of Earth Sciences Division of the Lawence
Ber kel ey National Laboratory. Bo?

| would rem nd the speakers, by the way, to use
the m crophone as nuch as possible. These m crophones have
very little throw ng power.

BODVARSSON: Ckay. Good norning and thank you for the
introduction. Just |ike Bob said, it's an honor to be here
and tal k about the recent Board topic. It was clear, like
Margaret said this norning, we have taken your comrents

very, very seriously and her instructions to ne and the
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others is to do a ot of work and al so show you all the new

t hi ngs we have done since our |last neeting. So |I'm going

to try to enphasize those. |If the Chairman allows, | don't
m nd questions during the presentation at all. It's up to
you, to clarify things as we to along. | would actually
prefer that. [It's up to you

DUQUETTE: Unless it's really a burning question, 1'd
just as soon wait until afterwards.

BODVARSSON: Okay. Now, the outline of ny talk is
shown there on the right-hand side, on the |eft-hand side.

It's very, very sinple. 1'mgoing to talk about the

capillary barrier, I"mgoing to talk about the vaporization
barrier, and I'mgoing to talk about in-drift thermal and
hum dity conditions.

The Board had a | ot of comments about all these
factors in their last letter. Like Bob said, sone of it is
due to the fact that we have clarified our position with
new pl ots, new paper, new i nformati on, and hopefully 1"I
show you nost of those today.

So, first let's go into the capillary barrier.
These man, Yvonne Tsang hel ped ne prepare this talk. Jens
Bi rkhol zer and Tom Buscheck and Stefan Finsterle of LDL
have been really instrunental in the analysis of the
capillary barrier, thermal barrier and in-drift PH

condi ti ons. Next one.
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So you see there on the left--oh, can we go back
on the left-hand side there. Yeah. First, | wanted to
show that we have done really extensive testing of seepage
in the repository area, and if you can click it again you
can see the other niches, in all the locations really have
done testing. So | want to really highlight that there are
mul ti pl e occasi ons where we have done tests and on each of
these | ocations we have done multiple tests of those
| ocations. They include perneability ranges over pore
water ranging from10 to 100 darcies down to a few
mllidarcies. So we have covered a very w de range of
hydr ol ogi cal conditions.

You will also see in the red there that we have
done extensive testing in the lower |ithophysal. This was
one of the m sunderstandi ngs by the Board was that we
didn't do seepage testing in the |ower |ithophysal. W
have done lots of testing in the | ower |ithophysal. This
"Il explain to you a little bit later. So | just want to
i npress on you that we have done many, many tests at
various | ocations, different heterogeneities and different
rock conditions. Next one.

So, the capillary barriers and the therm
barriers, | want to explain these a little bit to you. On
the left is a capillary barrier, on the right is what we

call vaporization barriers. These are redundant barriers.
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That means they can both help us. The one on the left,
this one here, the fact is that water does not want to go
into the drift. It wants to flow around the drift as is
indicated by the water and it's sinply because water
doesn't like to go into big openings. This is very well
known in physics and | think the Board acknow edges this,
that this is going to happen and we have done very many
tests. These are very, very conservative because are
testing basically, we put water right on top of the niches
and borehol es just about a neter fromthe niches, so we are
al nost forcing the water to go into the niches during
testing. So the testing is very, very conservative when we
cal cul ate seepage into the drifts.

The other barrier is also quite interesting
because it occurs at a different |ocation. Here is where
you have the thermal dry-out zone where the rock is
basically dry, where the saturation of liquid water in the
matrix is practically zero. The sane in the fractures.

And the water trying to get into this zone wll just sinply
vapori ze again and nove away fromthe drift. So there's a
| ot of shedding and I'Il show you later that the saturation
i ncreases over here on top, and the fractures are going to
be very, very snmall because the water is just going to go
up and then shed around the niches. So alnobst all of the

vapori zed water that forns a steam and condenses out here
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i s shedded away between the drifts. Well, this is a very,
very powerful barrier. The tenperatures here, on the order
of 120, 140 degrees and out here m ght be cooler, on the
order of 96 degrees or so.

The other thing | wanted to nention a little bit
here also is gas pressures in the drift here. There has
been sone suggestion about the gas pressure woul d increase
substantially in the drift. That's not the case. It wll
only increase by 10s of 100s of Pascals. This is very,
very small, and all of our nodels, including the nulti-
scal e nodel, including the thermal hydrol ogy nodel, they
all agree with this, that this pressure increase is going
to be very, very slight, indeed.

The other thing also worth nentioning here is
that the conditions in the drift during this boiling period
are going to be primarily steep. There's going to be very
l[ittle air there. 1It's all going to be displaced by steam

So the mass fraction of steamhere is going to be about 95
percent or so, so very little oxygen is going to be
avai |l abl e there or here because it's all steam because
steamis generated in the rock here and steamflows into
the drift so this is full of steam So next slide, please.

So I'mgoing to start and try to clarify sonme of
the concerns of the Board that they raised in their letter.

First one is this one, capillarity is a well-recognized
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phenonenon in unsaturated rocks. So they acknow edge that
this occurs. But DOE has not denonstrated that the
conditions required for a capillary barrier to formare
satisfied throughout the drifts. The DOE view is based on
insufficient data in nodeling. And ny first slide on the

| eft-hand side there that shows you all the data that we
have col |l ected, you kind of tend to disagree with this. W
have collected a lot of information over a wi de variety of
test conditions, different pernmeabilities varying fromfour
orders of magnitude, so we think the data that we have are
substanti al .

Next one on the other side, please. Right side.

Well, this is again the data. So | just wanted
to show you again all the information and all the data that
we've collected. So now |l want to go into these slides
here which is the left-hand side and go in details
responding to or trying to clarify sone of the concerns
from t he Board.

Actually, this is not the right one, John. This
is one on the thermal seepage. Mist have gotten out of
order. \Were's the one on the anbient seepage list? Can
you go--just the--Slide 9? Yeah, that's excellent.

So the Board has raised all of these issues
regardi ng the roughness of the drifts, mass bal ances,

seepage thresholds and all of those, so what | plan to do,
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if it's okay, I"'mgoing to go through all of those
separately as we go al ong.

First of all, though, we believe that the seepage
data that we have collected is very sound and actually very
conservative because we put water right above the drifts.
We think that the liquid release test that provi des seepage
rel evant data of the right scale, they reflect all the
processes that are included, they reflect the roughness of
the drifts because all of our drifts are rough. W think
the heater test data have al so corroborated the seepage
results. W also believe that our nodeling approach in
terms of using a the perneability nodel is the nost
defensi bl e way of analyzing the data from Yucca Mountai n.
We think there is a great consistency between the data and
the calibration, and we think we have a proper validation
as well as a proper propagation in TSPA, because all of
this data needs not only to be analyzed and vali dated, but
it has to be the correct |evel, uncertainty propagated, al
of it through TSPA.

So, the testing and nodels that the testing has
provided data with vari ous degree of heterogeneity. W
have | ooked at evaporation potential, |ooked at the right
boundary conditions and we have calibrated the nodels. The
nodel s reflect the right geonetry, the evaporation effects,

transient effects, heterogeneity, unsaturated fl ow,
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obviously, capillary barrier effects. And then these
together, we used the nodels to predict storage in the rock
fl ow di version, around the niches, evaporation and
ultimtely seepage obviously. This nodel takes into
account in an effective nodel way capillarity, roughness
effect, filmflow, and then drift effects.

kay, so let's address this first question there
on the left-hand side, enplacenent drifts do not have a
regul ar curvature or profile? And that's absolutely
correct. Al of our niches are rough. Al of our niches
have fractures intersecting the niches, all of our tests
have dealt with an actual in-situ conditions, so we believe
that our testing and nodels accurately take this into
account. And we also take into account the drift
degradation effects, and their inpact on seepage has al so
been eval uated usi ng the seepage nodel s.

This will tell you a little bit about drift
degradation and as Bob told you before we are not going to
spend a lot of tine on this. There is a slide in the back-
up if you're interested in results in drift degradation
that tal ks about that a little bit nore in ternms of therma
hydrol ogy. A few nonths ago, | think about a year ago, our
anal ysis suggested that the drift degradati on would be very
| arge, that actually sonme of the drifts would double in

size due to thernal cohesion effects and due to seisnc
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events. This is not the case any nore. | show you here a
few cases for the lower |ithophysal rock and you see for
nost of the rock, that the shape of the drift is going to
be the nost inpact. |In sonme cases where you have very bad
quality of the rock, there is sone mnor drift degradation.

But this is nuch, nmuch | ess now in our AVRs than before it
was, | think it was about a year ago or so.

We actually anal yzed using all of our nodels the
case of a year ago where we thought there would be a very,
very big effect, so we included this in the seepage node
and included this in the thermal seepage nodels and all of
those, and like | told you there's one slide in the back-up
that you can look up. This actually shows the effect of
drift degradation on the thermal hydrol ogy nodels.

Just to summarize for you, even if you had drift
degradation, the capillary barrier is still valid. It
still holds, and there's no question about it because the
capillarity in the rock around the drifts, it's nuch
stronger than that in the drift. So the capillary barrier
is still valid even if you have drift degradation. The
thermal barrier, the vaporization barrier, is also still
valid if you have drift degradation. | can talk about that
if you go to the slide in the back

Let's take the second issue here. Surface

roughness affects seepage. W totally agree with this.
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Surface roughness affects seepage. It's fully taken into
account in our nodels and analysis. Like | told you
before, all the drifts are rough surfaces. They have film
flow, they have fractures intersecting them about 50 to
100 fractures intersect the drifts fromthe |ocation of the
injection interval and we believe that these are all taken
into account in our tests.

The effect of |ithophysal cavities obviously are
al so taken into account because we don't go in and renove
them before we test. They are there. They are in place.
And when we do the test, their effect on the test is shown
during the seepage in those rocks. So we believe there is
a very consistent conceptual nmodel. This is used for both
the calibration and protection and fully takes into account
t he roughness of the drifts.

The third aspect that needed clarification in the
Board's letter was the mass balance in the test. And, the
Board is absolutely correct that we have not had the test
that fully accounts for all the nolecules of water that we
inject in a given test. W have various parts to the test.

W inject this Qelease, neans the injection of water, and
that has to equal whatever seeps, whatever is evaporated,
what ever goes into the rock mass, into the matrix and
what ever goes around the rock. W believe the tests were

of sufficient duration to assure that any potential seepage
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woul d have occurred, and we did these tests for different
time intervals to nmake sure that we have steady state
seepage, that normal water would seep. And this is really
the basis for why we think that we have the mass bal ance
that is required to have a real good foundation for the
basis of the capillary barrier tests.

W did do an attenpt to actually do a fully mass
bal ance test in Niche No. 5 where we actually put slots
around the niche. W tried to catch the water that woul d
be diverted around the niche so we woul d have a conpl ete
mass bal ance. It was very difficult to construct those
slots so that test was not as successful as we hoped it
woul d be. So right now, the flow that is diverted around
the drift is provided by the calibrated sinmnulation nodel.

But the main point here is that the tests are of |ong

385

enough duration that we are getting all the seepage that we

woul d get for those specific conditions.

There was a comment that no seepage tests were i
the I ower |ithophysal unit. This again could be just a
problemw th our presentation in May. W want to assure
you there have been lots of tests done in this inportant
repository unit in the |lower |ithophysal. The Niche 5 we
have two borehol es there and have done a | ot of |ong-term
tests in Nche 5. W have al so done systematic testing

t hat Yvonne Tsang has been invol ved and done a bunch of

n
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tests in the ECRB, which is primarily in the | ower
i thophysal rocks. So we have lots of testing that take
into account the higher fracture frequency of the | ower
i thophysal rock because there are nore small fractures
there, as well as the lithophysal cavity aspects of that
rock. Let ne just show you those tests a little bit.

This is the slot | was telling you about in N che
5 where we tried to get nmass bal ance along the niche. That
is the sign of the Niche 5 and you see the slot here on the
right-hand side and the left-hand side. This is the
systematic testing shown here that is done in the ECRB and
in the lower |ithophysal rocks in many |ocations. And
those are the slots or those are the water collection pipe
of systematic in the ECRB

These are sonme of the testing in Niche No. 5.
And this is the seepage nodel that matches these tests,
calibration period and we wait until it reaches steady
state until we match the data. W use a very conpl ex
het erogeneity based on the air perneability test so we
fully take into account the heterogeneity and perneability
before we start the testing. This is included in the nodel
right fromthe start.

These are the results of some of the systematic
seepage testing. Here, we calculate and neasure seepage

and you see the agreenent is pretty good. W also nonitor
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relative humdity to estimte the anmount of evaporation
that takes place, and then on top there is actually
injection rate. Another test. It looks like a |ot of
noise in the test. There's not really that much noi se.

The reason for this is basically is that you have a big
vessel of water and you have a very small anount of water
injected and so that you get a significant, what |ooks |ike
noi sture, but really doesn't have very nuch effect at al
because the average is all that counts.

So, yeah, this just shows the nodel validation.
This shows you that we not only matched the data, but we
used uncertainty that we propagate fromthe test to TSPA,
so these are five percent to 95 percent confidence
interval, so you can see that with that we are very nuch
nore conservative than the actual test results. And all of
this uncertainty analysis is propagated through TSPA.

The Board nade a statenent that the seepage
threshold of 1,000 mllineters per year is too high. And
again, this could be msleading by nmy presentation or
sonebody' s presentation because it was just as a point of
reference is to tell you that the seepage threshold in
these rocks are typically on the order of 1,000 mllineters
per year. But the fact of the matter is, we don't use a
si ngl e nunber because it depends on three major factors

what the seepage threshold is, when it seeps and when it
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doesn't seep, and that is sinply given by this diagram here
which is used extensively in TSPA. This di agram says that
t he seepage percentage is a function of the perneability of
the rock, is a function of the capillarity of the rock, and
is a function of the percolation flux, which nmeans how nuch
water is flow ng through that rock. Cbviously, the higher
the percolation flux, the nore seepage you're going to get.
The hi gher the perneability, though, the | ess seepage
you're going to get because nore water will flow around the
niche. Less water will flowinto the niche, so it's
inversely proportional to perneability so you see | ower

val ues here and you see nore blue col or here.

Qoviously, the lower the capillarity of the
fracture system that neans the ability of the fractures to
hold onto the water nolecules, the nore seeps. So
basi cally, TSPA uses all of this so there's no single
seepage threshold. |If you have one | ocation where the
perneability is small, let's say a mllidarcie, where the
capillarity of the fractures is |low, say 200 Pascals to 400
Pascal s, and the percolation flux is high, we nay have a
threshold of 100 mlIlineters per year or 10 mllinmeters per
year or much, nmuch less. Conversely, in areas of |ow
percol ation flux, high pernmeability and high capillarity,
you wi || have a nuch hi gher seepage.

| just wanted to give you sone results fromthe
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seepage and to show you the amount of uncertainty that is
propagated to TSPA or the actual graph here. You have the
per cent age of percolation flux that seeps. For the anbient
case--this is only for the anbient case--and you'll see
here with the current climte you have sonething |ike one
and a hal f percentage seeps. For the nonsoon, you have

hi gher seepage, for the glacial transition, the nean is
sonmething like eight. You see the huge effect of the
climate predictions and obviously it's because we don't
feel that we can accurately predict climte over the next
10, 000 years so we have to have a wide viability in our
seepage results. So TSPA will sanple all the way from 1-
1/2 percent all the way to 10-15 percent or hi gher how the
percolation flux will seep, soit's a lot of variety, a |ot
of uncertainty in climte.

Now, the amount of water that the waste package
will see if it actually seeps is given here, and it shows
here, it's like two liters or so, goes up to 20 liters,
goes up the nmean like 30, 40 liters. And again, you have a
wi de range of values due to uncertainty in clinmte.

And, | want to enphasize here, these are anbient
results. When we superinpose on these the thermal effects,
you will see there is no seepage during the first 600 years
or so, in general, for nost of the waste packages because

nost of the drifts will be above boiling. And we believe,
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| hope to show you data and information that will show you
that if the drift wall is above boiling you will not see
any seepage. So these are sinply anbient things, that TSPA
then | ooks at the tenperature on the drift wall and say if
it's above boiling, let me put that to zero. That's how
it's handled with the TSPA. |Is that clear to everybody?
Let's go to the next one here.

Filmflowin the operation. Again, we agree with
the Board; there's going be to filmflow, there's going to
be evaporation. This happens to be the wall in Niche 5
where you actually see filmflow on the walls. This is
taken into account in our seepage testing and study because
if it doesn't go into our collection system it's not
seepage. It flows around the drifts. |In addition to this,
as you probably have heard nmany tines, John Stuckless have
used natural anal ogues in tunnels in Egypt for exanple,
whi ch have paintings on the tunnel walls that show that for
many, many thousands of years you have had no seepage in
t hese tunnel s because otherw se the paint would be gone.

So we use actually lots of anal ogue to kind of corroborate
what our testing does.

Qur active fracture nodel, there was a conment
that the active fracture nodel has not been fully
validated. Really, the active fracture nodel is used

heavily by the project. |It's nost inportant for transport,
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it's not that inportant for seepage, so it really doesn't
apply very much to seepage. It doesn't rely on the active
fracture nodel. O course, in TSPA for predictions of the
future we use full focusing that depends to sonme extent on
how many of the active fractures actually flow. The active
fracture nodel is very inportant for transport, and the
uncertainty in this paranmeter, again, just like the climte
uncertainty is propagated to TSPA.

Anot her comment, persistence of the capillary
barrier continues along the drift is a question, and again,
| think this is a very good comment. If you don't test
every |location in every drift, how do you know that you're
going to have a capillary barrier everywhere. Cbviously,
you can't test every drift in every location and every
drift. But | have to say again and enphasi ze again, we
have tested our orders of magnitude anmounting to its
pernmeabilities, we have tested our orders of magnitude in
percol ation flux or input of water. W think the testing
phase is sound and we think we can extrapolate that testing
phase with the proper uncertainty propagation to TSPA for
anbi ent seepage.

The other thing I wanted to point out is the ECRB
test where we have actually left the bolt cap closed for
years now. | think it's about three years or so. And

there, that's kilometer of rock. Al the heterogeneity
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that you're going to see in the |ower lithophysal and we
have seen no seepage, which is consistent with the nodels
that we have devel oped for the lower |ithophysal rocks. So
to me that's a very long-termtest that should at | east
gi ve us sone confidence that the capillary barriers is
persistent over all the drifts.

Now, | want to nmove on to the thermal barrier.
|"ve finished all the comrents about the capillary barrier.

| want to talk a little bit nore about the therma
barrier.

The thermal barrier is, as | nentioned before, a
redundant barrier. The capillary barrier does not go away
if you have a thermal barrier. So even if water, snal
amount of water, would get to the drifts, the capillary
barrier will help it nove along the drift, just like it did
in the anbient case. But the |ocation of the therma
barrier is much further away. The boiling, or the dry-out
zone is sone five, six neters away fromthe drift. That's
where the thermal barrier is, primarily.

| want to explain a little bit about, a little
bit nore because this needs to be a little bit clear, the
physi cs of what occurs here. Wen you boil this water, the
tenperature fromthe boiling front noves out with tine.
Steamis generated, steam noves out radially and condenses

in the outer region, all around the drifts. Not only
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above, but all around the drifts. The saturation in the
fracture increases froman average of three percent to
about six percent. So there's no |eak or anything up there
for these sites here or anywhere. There is a tiny anount
of increase in saturation. Wy is that? It's because the
rock in general is so perneable it's basically the hardest
perneability is a darcy to about 10 darcies, so 10 to the
mnus--11 to 10 to the mnus 12 neters squared. That neans

any increase in saturation that | see here causes water to

do one of two things. |It's not going to flow up, it's
going to flow either sideways or down. If it flows down,
it's going to vaporize again. If it flows sideways, it's

going to shift. So nost of it is going to shift. The only
important thing here then is the chem stry of the water.
We tal ked about this yesterday. | nade a comment
yesterday, if the water here is always refreshed, in quote
mar ks, and you condense steam because, closed quote, the
ol d water has already shedded, then chem cal concentration
inthis water is going to be extrenely benign because
condensed water is pure water without chemcals. It has to
have tinme to sit there in the rock and pick up the mnerals
in the salts.

So that's a long introduction of whatever us
young guys do, talk a lot. I'mthe first of the young

guys, then two nore.
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So the general statement is this: "DCE has not
denonstrated, is the conditions required for pervasive
vaporization barrier to formw || occur everywhere. The
DOE's view is based on insufficient analysis. Future
testing under in-situ conditions in Yucca Muntain my
i nprove technical defensibility or any clai mabout the
effectiveness or |ack of effectiveness of a vaporization
barrier. W certainly agree any additional data will help
us, but we think we have the necessary basis to go through
our license application with a solid case for a
vaporization barrier”, and let ne tell you why.

So if you can put the next one here and the next
one over there. That one should be on the |eft-hand side.

The thermal barrier, the one you asked ne for.

(Pause.)

Again, we want to tal k about testing. First,
what are the data we have available for thermal, and | want
to enphasi ze once nore that the vaporization barrier
depends on the capillary barrier, so all of the capillary
tests that we have done with the capillary barrier hel ped
us with the thermal barrier because they are redundant
barriers. In addition to that, we have had the single
heater test, the long block test and the drift scale test.

Very long-termtesting. Drift scale test is the biggest

test ever conducted in the world, | believe, and is a very
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inmportant test for us. | think all of us, all of these
tests will help us validate the vaporization barrier. W
have al so done a trenendous anount of nodeling to help us
understand this inportant barrier for us.

First of all the conceptual nodel has been
val i dat ed agai nst seepage test data and thermal test data
so | want to start by telling you a little bit about the
thermal test data we have.

The drift scale test has provided a trenendous
amount of data that helps us validate not only the therma
hydrol ogi ¢ nodels, but also Carl will use it to validate
all of the chem cal nodels that we have, the THC nodel s, as
wel | as the thermal nechanical nodels. It has really
hel ped us understand these processes.

This just happens to be sone tenperature profiles
that we used to get confidence in our nodel. Next slide,
pl ease. This happens to be air perneability data that we
do in many, many boreholes to give us confidence that we
appropriately represent the thermal nechanical effects as
wel | as saturation changes in the rock nass.

We had al so done a | ot of geophysical data to
verify the existence of the dry-out zone. This happens to
be El ectric Resistance Tonography data. You can see it
shows a simlar dry-out zone. W also have G ound

Penetrati ng Radar that shows very simlar things.
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Al so collected water in boreholes. And the water
i n borehol es has been extrenely useful for us to | ook at
the chem stry and how m nerals are picked up on the rock,
just like I nentioned before. Takes a while for it to pick
up the mnerals in the rocks. W see the nodel--this is
saturation plots for a borehole and you see that we get
water into the borehole when its activation is the highest,
which is consistent with our nodels. And then the same
thing here. You get water in the boreholes so the nodels
are consistent with when we get water in the borehol es.
You don't always get water in the boreholes. You only get
it at these great intervals when the condensati on shown has
noved to that |ocation

So | believe, or I think we believe jointly, that
the data in the drift scale test has given us trenendous
confidence in our ability to nodel the thermal hydrol ogy,
and like Carl will talk about a little bit later, the
chem stry as well as the thermal nmechanical effect. Al of
t hese effects are--so we think we have adequate basis for
licensing, certainly for the vaporization barrier. Any
additional tests are, of course, going to help us verify
t hese concepts. Next one here, please.

This just shows us, we tal ked about not having a
thermal test in the lower lithophysal. | just wanted to

enphasi ze that the drift scale test actually includes the
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upper lithophysal rock even though nost of the tests is in
the mddle or Ieft. The boiling condensation processes
extend into the upper lithophysal rocks so we have sone
testing in the |lithophysal rocks. A lot of the boreholes
are located in the upper lithophysal. So it's not strictly
correct to say that there has been no testing on therma
behavi or of the |ithophysal rocks, because that helps us a
little bit. O course, it would help us nore to have a
whol e test in the lithophysal. There's no question about
that. Next one, please.

Yeah, so this basically tal ks about the sane
thing. The reason we also believe that our results from
the drift scale tests are applicable to the | ower
i thophysal are explained pretty much in this slide here.

The primary thing that changes the response in our heater

test is the thermal properties of the rock. It's not the
hydr ol ogi cal properties of the rock. 1It's not the
l'ithophysal cavities, per se. It's the thermal properties,

primarily thermal conductivity. And why is that? 90 to 95
percent of the heat transfer in the drift scale is rear
conduction. It's conduction dom nated, and therefore the
primary response you get if you go into the |lithophysal is
changes in heat capacity thermal conductivity. Al of
those are fully taken into account in our thermal nodels.

We have accurate neasurenents of heat capacities and
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t hermal conductivities which I'll explain a little bit
|ater, and they are applied to the right units, therefore
we think that the process understandi ng we have obt ai ned
through the drift scale test is applicable to any of them

There has been issues with the | eaky bul khead.
And, of course, it would have been really nice to have a
fully closed bul khead, no | eakage whatsoever. That is not
practical, of course, because steamis a gas. |It's very
hard to confine it in a perneable rock. It's very hard to
put a totally seal ed bul khead in there. W have taken this
into account fully in our nodels and this is a paper by
Summitt (phonetic) and Yvonne that was published in General
Cont am nant Hydrol ogy that has anal yzed the | eaky bul khead.
They conclude that |ess than 30 percent of the heat and
energy is used to convert water into steam Mst of it is
conductio, as | told you before. It would have increased
the fracture perneabilities, fracture saturation sonme, had
t he bul khead not been | eaky, so we have taken into account
both the cases with the | eaky bul khead and wi t hout the
| eaky bul khead, and all of our data so far confirns the
nodel prediction for a drift scale test when we allow the
proper |eakage to occur in the system So we have taken
this into account in our analysis. Next one, please.

The validation of the seepage threshold, thernma

seepage nodel has been done by using anbi ent seepage, and
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also the drift scale test as we tal ked about before. Next
one, please.

Here are sonme of the results of the anbient
seepage nodel. W are conparing it now to the anbient
seepage. This was the anbi ent seepage of 12 percent for
120 mllinmeters per year, which was very, very high
percolation flux. It goes up to 22 percent for 320
mllimeters per year up to the climte change and then
further up later on. W get no seepage obviously until
boiling ends, then we get the gradual increase in seepage.

This is again considerably | ess than the anbi ent seepage,
but you still get seepage after the wall of the drift has
gone bel ow boiling. W do, however, conservatively reflect
this benefit. W don't take it into account at all. After
boiling ceases at the drift wall, we assunme fully anbient
seepage. No further benefit of thermal effects. So we are
conservative in the analysis of this for TSPA. However, we
t hi nk we have the basis to say there's no seepage during
the boiling period when the tenperature in the rock is
above boiling. Next one, please.

This is sone of the results of the nodel. Again,
| told you the shedding of the water above here is very
inmportant. The dry-out zone is very inportant. And you
see the different colors due to the heterogeneity of the

rock. Permeability in this nodel there is about four
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i nches of magnitude or so, generally to about 100 darcy or
about 10 m Il i darci es.

The other thing I want to enphasize again, the
fracture saturation here even though this |ooks big, the
nunbers are very, very small. It goes to about six percent
or so, the highest saturation, so still nost of the
fractures contain 94 percent air. Only six percent contain
water. Next one.

Again, to enphasize this point, and I"'msorry |I'm
enphasi zing it so nuch, but all this here tal ks about |eaks
above the drifts and lots of water. There's al nost no
water there. And, we did a little exercise where we just
integrate the water in the condensation zone, so we don't
take into account the dry-out zone. W just |ook at the
saturations in the fractures and in the matri x where the
condensation zone is. GCkay? And this is the fractures
with time, this is the matrix with tine. And, you see
t hese nunbers are tiny. The total amount of increased
wat er above the drift thereis .25 liters. .25 liters.

.25 kilogranms is alnost none. So there's no water to cone
back and reflux. It goes and sheds--perneability of the
r ock.

So this is very inportant. The total anount of

water that inbibes into the rock is only about a liter in

they integrated zone over tine. Wiy does it go up here?
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Climte change. 600 years. Wy does it go up here?
Cli mate change of 2,000 years. Next one.

Geot hermal anal ogs have al so given us confidence
in this nodel because the sanme processes have been used to
nodel geothermal for 20 years or so with the sanme famly of
codes. And let ne give you an exanpl e of geotherm
because | think it's inportant. Sonme geothermal systens
are vapor-dom nated systens. That neans the pressure
profile in themis vapor static. It's not liquid static,
it's vapor static. The pressure doesn't change. It's
al nost |ike Yucca Mountain, a uniformpressure, often at 35
bars for sone reason. Yucca Muwuntain of course is one bar.

The injection of liquid water into those systens
to enhance the systens and increase the lifetinme of the
systemis very inportant. Witer is injected at 20 degrees
centigrade; cold, cold, cold water. Tenperature in-situis
240 degrees, simlar to what we have here. The waters are
producing lots of steam the steamturns turbine, mnakes
nmoney. Cold water noves in the reservoir, simlar to what
it does here and tries to go to the production wells. But
it can't get there. Wiy? Because it does the sane thing
it's going to do with Yucca Mountain. It vaporizes. So
you see in the isotope signature of the water that is
produced, that 100 percent of the water produced is

injected cold water that vaporizes. So even if the driving
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force it shoots because you're producing steam you're
attracting the water to you which is totally different than
Yucca Mountain, the drift does not want the water. The
production well and the fuel fromthe reservoir wants the
wat er because it's producing steam Pressure gradient
storage. But still the vaporization is very inmportant. So
this gives us confidence in our vaporization barrier. Next
sl i de.

Now, real quick, the NRC experinent, many people
point to the NRC experinment saying, well, it seeped there.
Wiy did it seep there? |Is that consistent with DCE
nodel s? The bottomIline here, it's consistent with DOE
nodels. We did this exercise just recently, at Margaret's
request, just to show you this. This is the experinent by
NRC, they are concrete slabs of those dinensions, five
centinmeters by five centineters, and then they are real
long. They are about 60 centineters. This is the
bor ehol es, you see about three fractures intercept the
borehol es. You nake the nobst conservative assunption that
you can possi bly nmake, you put water right about here and
| et the water go straight down. The seepage in here
was never visually observed or at least |'ve seen no
literature that says that seepage was actually observed.
But there was sonme precipitates found in there. So we

assunme that seepage occurred. The experinment was basically
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130 days. Lots of water put here. This is the heater
output, etcetera, etcetera. Next one.

| don't know the details of this experinent not a
heck of a lot. Next one.

The conparison matters though. Here is the NRC,
this is Yucca Mountain. W have tuffs, they have concrete
sl abs which are a little | ess perneable. The fractures are
all continuous there. W don't have that case here. Your
dianeters are different. Three fractures hit the drift.

We have 50 to 100 fractures that actually hit difficult
drift at Yucca Mountain. These are the fluxes, about 100
times nore than what you have at Yucca Muntain. Heat
out puts, tenperatures conparative. Next sli de.

So we did this nodel, basically took one-fourth
due to symmetry. That's a detail you don't need to know, |
don't know a | ot about. Next one, please.

This is what we get. W get heat pipes that were
observed. W saw three sensors. You see them here al ong,
above the heater. Boreholes, they show heat pipe
conditions. And next one pl ease.

You can see after 140 days there is heat pipe
pretty much everywhere. The saturation has increased close
to the drift. There is higher saturations close to the
drift, and for cases, for sonme of the cases we got seepage

into the drifts when the capillarity of the fractures is



© 00 N oo o B~ w N P

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

404

low. When the capillarity of the fractures higher, we
don't get seepage into the drift. This shows there's water
present everywhere. In the TSPA nodel for seepage, therma
seepage, we would assune full seepage for this case in our
TSPA nodel to be conservative.

So, with respect to that, | conclude that the
nodel s that we have is consistent wwth NRC data. |
concl ude that the nodels we have are consistent with al
the data we have. And Dan nentioned the | arge bl ock test
yesterday as an evidence for the thernmal seepage nodel not
to be valid. | actually think that that data shows that
the thermal seepage nodel is valid because it did exactly
what we expected. There was a huge rain stormw th a huge
anount of water going into a super heated regi on and what
does it do? It does exactly like the other does. It al
beconmes heat pipe-dom nated. So the anpbunt of water that
you got there is a large anount of water that all of a
sudden went into the test bed, and our nodel results which
are actually in a paper that has been published by \Water
Resources Research, shows it's very consistent with ol der
nodel s we have there. You're not going to get a rain storm
in the mddl e of Topopah Springs. So | think it's al
consistent with the Topopah Springs. Next slide.

So this just summarizes the test, high

pernmeability fractures, all of those. These are conduct
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details you can just have in your material.

So we conclude the NRC test is consistent in our
nodel. |'ve told you this before so I'mvery briefly going
to go over this. W did one nore thing to try to validate
our nodel, even and it was a very, very conservative single
fracture that goes straight into our drift nodel.

Al ternative conceptual nodel, again, has been published in
a refereed journal, by Jens Birkhol zer. Next one, please.

Single fracture episodic flow, because the only
i ssue we haven't addressed is episodic flow. W have
assunmed so far everything is pretty nuch there to stay
except for the NRC experinent and the |arge bl ock test
experinment. They are both transients. Episodic flow, we
do this very conservatively. W put the pulse of water al
of a sudden on there and we see, can it get through this
zone? What will it take for it to get through this zone?
If it gets through the zone, how nuch will the capillary
barrier help us? That's the primary issue with this. The
basis is an experinental vapor collected by Gace Su. W
did exactly this but were on anbient system She did an
experiment in unsaturated fractured rocks which is very,
very interesting. By putting a constant flow of water on
top of a fracture, because of the heterogeneity of the
fracture, you get episodic flowin the fractures. Wter

noves down and then builds up where the fracture aquifers
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becone small, reaches a critical head and then noves
through. It shoots through. Episodic flowin a fracture
under unsettling conditions.

What is really interesting about that experinent,
too, is what happens when you increase the flux. Wen you
i ncrease that flux you don't change the anount of heat that
goes up before it goes through. That's constant. So the
vol unme of water that is needed to break through or given
out at your restriction, if you will, is a constant. So
the only thing that happened was, the frequency increased,
SO you just got this break-through quicker, and it scal ed
perfectly over |arge range of voltage, so it's very, very
inmportant. Jens used that paper and that volunme of water,
based upon our perneabilities and fracture distribution, he
used that as the episodic flow. So when you increase the
rate you increase the frequency of these things com ng
down, prior to breakthrough of this barrier. Next one.

Now this is as conservative as you can get. It
nmust be because you have this one fracture through there.
Then he plots up the actual flux in the dry-out zone that
is trying to go through the dry-out zone, which is very
large flux trying to go through the dry-out zone, and then
he cal cul ates the amount of flux that this should be
pointing here. That is up to this prong. This is the flux

after this prong. Wen the tenperature, with a long, |ong
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time after enplacenent, these both agree, but you see that
for a short tinme nothing conmes through at all. There's no
water there, but when it starts to cool down, it becones
the sane as anbient. Even in this case here, it probably
woul dn't seep because the flow rates are | ess than the
seepage threshold collectors. So again, |et nme enphasi ze,
we done the barrier, vaporization barrier, if it gets

t hrough the crown, it's--

Now, I'"'mgoing to spend a little tine about
tenperature and humdity in the drifts. And, this is ny
|ast topic. This is Tom Buschek's work at Livernore. The
Board questions the DOE view that tenperature and
relatively humdity is adequately or conservatively
nodel ed. They think there are significant paranetric and
conceptual uncertainties during the period after the
repository is closed, and | think the three primary ones
are flow along the drift, thermal conductivities, and
there's one nore. \What was the other one? Wat was the
third one? Yeah, drift degradation.

So | think all of you know the Miltiscal e Model
that Tom has been working for quite many years. The real
i nportance of this nodel is the follow ng. Most inportant
things are not the thermal conductivity value or any other
val ues. Mst inportant thing is he fully takes into

account the nountain scale cooling. The nountain scale
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cooling is really, really inportant here because you have
t hree-di nensi onal cooling effect so these drifts in this
area are going to be the hottest. These will be cooler
because they are closest to the edges. That's how he
breaks down his systeminto different units, |ithophysal
and non-1lithophysal with the proper properties and then he
takes into account the cooling effects.

" m al nost done. Next one, please? Yeah. |'I]
be on tine.

He has validated his nodel, again using the drift
scale test. This is tenperatures and this is neutral rocks
that show the dry-out. Next one.

He has al so validated it agai nst other nunerical
nodel s that are nore sinple that use a line source. Next
one. So we believe that the nodel is fully validated.

Then he generates tenperature at the waste package, at the
drift crown, everywhere in the systemfor all the drifts.
Different |ocation, different cooling, different X-effects,
and shouldn't be in thermal conductivities and all the
paranmeters is propagated through TSPA and sanpled in a
proper way. Most inportant paraneters for Tomls nodel are
A, the location because of X-affects, B, therma
conductivities and thermal properties just |ike we talked
about in ternms of testing; three, percolation flux or

infiltration. He has done many sensitivity studies of
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those and I'll show you a couple of those.

So this just shows the cooler and hotter
packages. Like |I said, he has done sensitivity studies of
all these paraneters. So this is a novie he did, and it
has cone to a nice novie. |If you can start it, it shows
you how the things cool down and the hot red is when it's
boiling, and then the green indicates when you go bel ow
boiling. So you can see how inportant the X-affects are
and you can see the tinme on top here, 700, that's 750.
This is what you have boiling now, and off he goes. After
about 1,000 years or so, after about 1100, 1200 years,
there's no nore boiling of the drift at this |ocation, at
this time. 1200 years there's no thermal seepage barrier
anywhere in the system

CHRI STENSEN:  Chri stensen, Board. Does that assune
that the thermal output fromthe canisters is uniforn?

BODVARSSON: No, This has different outputs from
di fferent packages.

CHRI STENSEN: Ckay, so | just was wondering if the
variation that we're | ooking at, sort of the spatial
variation in the drift or is it--

BODVARSSON: This spatial variation assunes average
out puts fromthe packages.

CHRI STENSEN: Ckay, that's what | wondered.

BODVARSSON:  Yeah, yeah. Your question is well taken
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because, really, this behavior is not going to change even
if you have the right assenbl ages of packages because this
is really average behavior. Good question.

This just shows the effect of infiltration. It
has low infiltration, nmean infiltration, and upper
infiltration, and it shows pretty nmuch it doesn't affect
vastly the tenperatures as expected, but significantly nore
the relative humdities.

Now a little bit nore about therma
conductivities. Thermal conductivity, like |I said, is the
second nost inportant paraneter for this nodel. The other
one being are they close to the edge or close to the center
on all of this? W believe that we have very good
measurenents of thermal conductivity for these nodels, for
the follow ng reasons: These nodels do not depend on a
| ocal thermal conductivity. Wat really dom nates the
response, all these nodels are the |arge scale
het erogeneities, so if you have |localized 50 percent
i thophysal porosity versus 10 percent, which is 20 percent
over the scale of 10 neters, that doesn't really affect
t hi ngs very nmuch because the long-termeffect is integrated
over cubic neters of volune of rock, |arge volunme of rocks.

The project has done extensive testing over the last two
to three years, realizing that we can't neasure themw thin

conductivities of flux and put in place heaters to neasure
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| arge scal e thermal conductivities because of the

I ithophysal rocks, lithophysal voids because al so you
recogni ze they are very inportant that during the |arge
scal e heaters and nmeasuring over large tine frame, you
know, the | arge volune of rocks, we believe our basis for
our thermal conductivity values is very solid, especially
with the recent data that we obtained.

So that's kind of all | wanted to say about that,
so we have recent data on this. Next one.

This shows just your variability with respect to
thermal conductivities and you see, you take a mean val ue,
and nean value nowis different for all Iithophysal because
the lithophysal rocks is different fromthe m neral non-
l'ithophysal, but it's a mean for all of these units. And
then we change the nean by one standard deviation up and
down. So you see the effect is not very large, really,
even though it we changed it quite a lot so | think the
thermal conductivity has not been really a big issue here.

That's nmy personal opinion. Next one.

So, finally, sorry how long this took, but Bob
kept adding slides and--and | started at with three
slides--one said capillary value is good, thermal barrier
is good, relative humdity is okay. And they added al
t hese ot her slides.

But to summarize, what I'mtrying to tell you
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here is that maybe we haven't been as clear in our
presentation regarding the capillary barrier and

vapori zation barrier as we should have been, Hopefully
thisis alittle clearer now. Hopefully, you understand,
we have done a | ot of work since your letter canme out and
mar ket has told ne personally and all of us to take this
very seriously. W want to respond to this. W have done
nore measurenments on thermal paraneters, we have done nore
nodel i ng on NRC studies, nore sensitivities of the therma
barrier, trying to solidify our case in all these areas.
We have done nuch nore sensitivity studies. Tom Bushek has
done a little nore on the in-drift environnent and

hum diti es and tenperatures.

Qur results and concl usions continue to be the
same. W believe that the capillary barrier is sound, that
we have lots of paper to help us validate and verify it.

We have sufficient data in ternms of heterogeneity to be
able to extrapolate it over enplacenent drifts. Now
performance confirmation of course is going to help us with
this, as all of us know. W believe that during boiling,
that the--there's no seepage into the enplacenent drifts,
that only if you have a huge fault, with huge amounts of
wat er going through the fault, could you break through the
vaporization barrier. Al of our sensitivity studies and

tests point in this direction, as does the |arge bl ock
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test, as does the NRC test that we have validated and

nodel ed. We conservatively use anbi ent seepage when we go
bel ow boiling around the drifts. W account for any
evaporation, which is going to continue, obviously. It's a
continuous trend. There's going to be huge evaporations
due to the tenperature output fromthe waste packages after
the drifts have gone below boiling. W neglected, we are
conservative, we are surely to be anbient. W believe that
tenperature or relative humdity viability is realistically
represented in TSPA, with all the uncertainties regarding
thermal properties, locations, infiltration rates,

etcetera. And we believe that, using nodification in
thermal properties, we can extrapolate the drifts scale
test results through the | ower |ithophysal walls. And
that's it. So, whenever you have a question |let nme know.
Thank you.

DUQUETTE: Thank you. Mark.

LATANI SI ON:  Lat ani sion, Board. Could we put up
Slides 36 and 46? |'mvery interested in the concept that
seepage or condensed water above the drift will be nostly
di verted sideways, and |I'mtrying to understand physically
why that is the case and what the cal culus--1 don't know
that you can make, that it's appropriate for me to nmake the
comment that what |I'mthinking of is sonething of an

epi sodi c event but nevertheless that illustration includes
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the kind of calculus that | think is inportant. |In other
wor ds, you've got a--if you have a fracture in the rock
and obvi ously you do, above the drift, and you've got water
evaporation to the sides, as you show here, what is the
cal culus that would | ead you to conclude that you woul d not
get water enmerging into the drift? 1Is it--1 nean am!|
understanding this properly? It's all going to be diverted
si deways rat her than--

BOVARDSSON:  Yeah.

LATANI SION:  And the probability of getting water into
the drift is therefore close to zero, or is it zero?

BOVARDSSON: Yeah, it's very, very low | think it's
better to explain it with this slide rather than that
sl i de.

LATANI SI ON: Ckay.

BOVARDSSON: Because this slide really is a very, very
conservative nodel that doesn't allow you to shed water
Let me try to explain it again here. The key to it all is
that the rock nmass at Yucca Mountain is heavily broken up
by fractures. The average fracture spacing is sone 20 to
30 centineters. They are all over the place. They are al
directions. You have the dom nant vertical, you also have
t he dom nant horizontal fractures. So the permeability in
any direction is pretty large. So water can go just every

direction it wants to go. Obviously, water doesn't want to
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go up because of gravity. It wants to go down because of
gravity. But then it can also go sideways if there's a
buil dup in saturation in the fractures, or there's nore
water there and then the perneability increases there and
allows it to go sideways. So if you take a typica

| ocation here, up here the conpensate here is due to steam
t hat noved up and condensed there. And it increased the
saturation there fromthree percent to six percent. Very
| ow amount, but it's sufficient in ternms of pernmeability.
If you do that, the relative perneability to a liquid
phase, because nost of it is air, will go up by a lot, by
many tinmes. W' |l still have small increase in saturation
because when you have ceiling water you have no
perneability to water because there's no water phase,
continues there. Wen you have three percent water
saturation you have really no perneability because the
surface area of the flowin a fracture is nostly air,
really. So you have minimal perneability, so increasing
that a little bit increases the perneability by a lot. So,
the water then, sonmewhere it will start to go down, try to
go down, plus the lithophysals. What goes down goes now
into a hot region, re-boils and goes back up. But the top
phase, sideways, we always let it shed. 1It's gone. You
see what |'m saying?

LATANI SI ON:  Yeah.
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BOVARDSSON: Did | explain that well?

LATANI SI ON: Yeah. | nmean | suppose then that the
fol | ow up--Latanision, Board. The follow up question would
be are you confident enough to suggest that a drip shield
is not a necessary part of the structure, of the

enpl acenent ?

BOVARDSSON:  Well, | don't think I"'mthe right person
to answer that question. The drip shield--1 just don't
think 1--1 think that question should be for Joe or

sonebody that knows nore than | do.

LATANISION: Al right, then I'Il take that challenge
and ask it again. | mean | think as a taxpayer there's an
i ssue there. And therefore funds involved in this
research. Right. Watever. | nean the fact remains
there's a cost involved in ternms of the drip shield and if
you're as confident as you seemto be, | think that
question is one 1'd like to have answered sonewhere al ong
the |ine.

BOVARDSSON: Yeah, and it's a good question. | nean of
course the drip shield may be also held with rock for a
little bit, and after the thermal period then you have
seepage and a drip shield is still intact. That will help
you not get any water on the waste packages so after the
t housand years or 500 years, depending on the allocation,

the drip shield kicks in, you get anbient seepage and it's
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going to hel p you.

DUQUETTE: Dan?

BULLEN: Bullen, Board. The first slide | would Ilike
to take a ook at is actually slide 37. And that's a
followon to this question about the slide on the left
here. You said there's no rain storns in the Topopah
Springs, Yucca Mouuntain horizon. What does it take to get
a rain stormnecessary to overcone the vaporization
barrier? Have you done the calculation? How many liters
per whatever? Whatever your infiltration rate m ght be.

BOVARDSSON: | believe we have. | just don't recal
the nunber. That's a good question. Most of this study,
i ke | explained, Dan, we used the G ace Su experinment for
the right aquifer distribution to decide on a value. Then
we used that and increased that flux. But | think we did
one where we really put lots of water in and it continues
totry to get it through, but I don't remenber how much it
was of water. Sorry about that.

BULLEN: Bullen, Board. | guess just a followon, is
when you do that cal culation or take a | ook at those
nunbers, to be able to conpare to when the infiltration
rate may or may not be there, | nmean you may prove that
even in a super pluvial condition, you d never have enough
water in-flux to overcone the vaporization barrier. | mean

t hose kinds of things would be inportant to know if you
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wanted to make that case. | nean the argunent may be,
wel |, maybe the clinmate changes tonorrow and then would the
vapori zation barriers still work, and if you have the

answer and it's yes, then that woul d be good to know.

BOVARDSSON: Yeah. | think the answer to that, within
the changes in climate that we're assum ng here, assum ng
that it doesn't go 10 tines nore than what we assune, it's
going to hold. The vaporization barrier will hold. Well,
the difference is is the following: |[If there is a huge
amount of water, the distance that we need for a dry-out
zone may change from 10 centinmeters to 30 centineters if
you put a lot of water. See what |'m saying? But we
conservatively assune in TSPA that actually the
vapori zation barrier breaks down at 100 degrees, not 96
degrees. So we were even conservative there. W're closer
to what the NRC had yesterday. | think they have 105
degr ees.

BULLEN: Bullen, Board. Could we go to slide 4 then?
This is just a foll owon question to your coment about
the fact that near the drift or near the waste package in a
vapori zation barrier condition, there would be nostly
st eanf®?

BOVARDSSON:  Yeah.

BULLEN: Are there data fromthe drift scale test that

tell me what the partial pressure of oxygen was near that
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to basically | guess prove that point?

BOVARDSSON: | don't recall those data, sir. |
remenber there were sone neasurenents of it, but | don't
recal | .

BULLEN: | actually have a--Bullen, Board. | have
actually a better menory than you both because |'ve asked
that question of Bill Boyle in 1998, 1999 and 2000, and in
all cases it was the partial pressure of oxygen was the
same as it is in anbient air. So there never really was
super-saturation of steamjust because--now it may have
been because of a | eaky bul khead, it may have been because
of nmountain breeze, but | don't think you can nmake the
st at ement because based on your nodeling without the data
that's there fromthe drift scale test that says there's
going to be nostly steam | nmean if there's going to be
nostly steam then we would go back to the corrosion
al  owance outer barrier, which is what we abandoned because
we didn't think that it would work. So, that kind of
statenment is sonething that's a little bit concerning.

BOVARDSSON:  Yeah.

BULLEN: But you don't have to answer anything el se.
The ot her question | had was with respect to the--

BOVARDSSON: Just one conment,

BULLEN: Ch, go ahead. That's fine.

BOVARDSSON: | think your point is really well-taken.
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And because you are going to have, in the direction of the
drift, you' re going to have diffusive conponent, the
di spersion that tries to equilibrate, if you will,
concentration gradients, so that nost of our nodels are
t wo- di nensi onal nodel s and don't take that into account so
| think your point is well-taken. However--

BULLEN:  Sure.

BOVARDSSON: One nore. W actually have done nodel s
t hat have taken that into account and we find that in those
nodels that it's nostly steam too. | don't renenber if
it's 90 percent or so, but it's still nostly steam But,
your point about the drift scale test | need to | ook at.
You're right. Absolutely.

BULLEN: Bullen, Board. The last drift scale
guestion, and that is there was a brown spot that was
noti ced on one of the surrogate waste packages. Was that
ever explained as rock bolt dripping, or what was the
expl anation for the discoloration on the waste package that
was noted, and has that been expl ai ned?

BOVARDSSON: | think it has, but who can explain it
better than | can?

BULLEN: We have any nenbers? Mark, do you renenber
an explanation for that? O Bill? WlIl, cone up to the
m cr ophone, please. Yeah.

PETERS. WMark Peters, Special Laboratory. The
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t here?

BULLEN: Correct.

PETERS:. It was sanpled renotely, off the robot,
swi ped wth a swab, brought out, and it was XRD and it was
iron oxide. Hematite. It's currently thought, one likely
thinks it could be that it was flaking off of sonme of the
ground support in the crown, but we really have to go in
and |l ook after the test is over to get a nuch better idea
of what we're looking at. It's not clear to us that it's
evi dence of any kind of discreet flowin the drift.

BULLEN: You said flaking? | did get the word?

FI aki ng?

PETERS. Yeah. Well, | used that word. That's ny
word, but it is iron oxide that gathered on Canister 3
or 4.

BULLEN: Thank you.

CHRI STENSEN:  Chri stensen, Board. Bo, one of your
points | think directly related to Mark's final coment
yesterday and relevant to the discussion by the Nevada
contingent yesterday, and that is the effect of refluxing
on potential concentration of salts. And, so | want to as
really two questions. Do we have enpirical data on water
chem stry that, | imgine we'll see |ater today.

BOVARDSSON: Yeah. Yeah.

421

k
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CHRI STENSEN: That's really inportant. But the
second--and it may nake the second question sonmewhat
irrelevant, but it seens to nme that the difference in view
of your--has to do with the, with the physical, what has
happened physically with the water as it's evaporated out,
and it seens to ne that the Nevada--1'mnot going to put
words in their nouth, but nmaybe | ooking at the convective
circulation of water at the boiling front, so they are
| ooki ng back into the rock, the--and I'mtrying to
understand why these two different views are so different.

What the potential physical explanation m ght be.

BOVARDSSON: Yes, sir. Good question. Let ne try to
explain it. Let nme explain it this way: Wat happens--
what we believe is happening at Yucca Muntain and then
"1l talk about what | think they believe is happening.
VWhat we believe is happening is that we start by putting a
wast e package in place here, we start heating up this area.

You have a boiling zone that noves with tinme outward. It
starts next to here. That's where the matrix starts to
boil, steam noves out, and in 100 years or so it's out a
few neters, and then a few nmeters nore. Maxi num di stance
is about five to six neters. The key here is that there's
all these different waters being boiled. It's not the sane
wat er being re-boiled, getting nore mnerals fromthe rock,

agai n accunul ating m nerals because imagine this matrix
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bl ocks here after 10 years it starts to boil and then it
boils all of this water off, leaving a tiny bit of salts

t here because the water is really benign. It's only 1,000
mlligranms per liter total to salt solid, which is very
low. There is alnost no salts at the start. Then it noves
to the next one and it starts to boil that water off. So
there's no accunul ation of salts.

Now, if steam noves out here and it condenses
here, and it condenses here and starts to pick up sone
mnerals, but it doesn't have a lot of tinme to pick up
m nerals because it will nove down, okay? Steamhere wll
have a little nore tinme because it's directly above it. It
has no nore residence tinme. It mght take up a little bit
of mnerals and then it's going to shift this way. And you
get new steam new condensati on and again al nrost no m neral
in the water, so we are getting rid of mnerals in
opposition to I think their conception of their nodel where
we are accumnul ating m neral s.

Now, their conceptual nodel says |let ne just
consider this front stationary, and all this barrier here
and all this has a heat pipe. It's not dry, it's a heat
pi pe now, which is not the case in our nodels, or in our
drift scal e observations, and we al ways condense here and
pick up mnerals and that water can't go anywhere because

it's a closed system It picks up mnerals, then noves and
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brings the mnerals, then boils again and it starts to
concentrate fix, if you wll. | think that's the
difference. So we believe you are getting rid of

chem cals, you are having cl eaner water because you don't
have tinme to pick up so many m neral s because you' re al ways
replenishing it with nore and nore steam whereas their
conceptual nodel is a closed systemwhere you can't get rid
of anything. That's how !l read it.

CHRI STENSEN:  That's very hel pful. Thank you.

CERLING Cerling, Board. W' ve spent a lot of tine
on these pictures and I'mgoing to | eave them here, too.
And maybe this is better answered by Carl, but I'Il ask it
now because it has to do with tine. And so in your node
you woul d have the water getting cleaner for a period of
time. Before boiling we'd be getting seepage water that
has, let's call it anmbient chem stry. So how |ong after
the vaporization barrier disappears would it take to return
to this anbient chem stry in your nodel?

BOVARDSSON: | think you're absolutely right. | think
it's better answered by Carl. Carl is going to review the
chem stry. He's going to handle the drip shield and |
think it's better answered by hi m because you're right.
Even though the seepage, we assune there's no seepage
during the thermal period, even after the drift wall

t enperature goes below boiling, it starts to get seepage.
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There are thermal hydrol ogi cal processes in the rock that
t ake place and mani pul ate the water so it's not the sane as
the anmbient water. So your question is--so | think Car
can address that. O we can address it later on.

STEEFEL: W have slides on that.

PARI ZEK:  Pari zek, Board. Just a couple questions.
One, | was having problenms with the steam al ways being in
the repository. |[If you're above boiling and dry out al
t he rocks around the opening, eventually you ought to get
rid of your steam shouldn't you? Shouldn't it be
steam ess after a while. Mybe on the ends?

BOVARDSSON:  Yeah.

PARI ZEK:  You said there was al ways going to be steam
in there.

BOVARDSSON:  No, no, sorry. | apologize for that.

What | think is going to happen there, and our nodel itself

has shown this, is that we start to boil in the rock and
when you boil in the rock, you start to generate steam
When you boil in the rock your pressures, your gas

pressures increase in the matrix bel ow there because it's
tighter to get the steamout and therefore the gas
pressures also increase slightly in the fractures, 10 to
100 Pascal s or so. So steam goes both directions. It goes
out in the rock, it goes back in the drift. Now, the steam

generated in the drift can flow laterally to the cool er



© 00 N oo o B~ w N P

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

426

part of the drifts and condensate there and cool down, away
fromthe packages. Then later on when boiling stops,
obviously, the mass collection of air in the drift is going
to return back to all air. So it would be nostly steam |
bel i eve, even though |I think Dan's coment is a good one,
all steam but there's going to be counterflow of air, of
steamin the drifts because of diffusion and dispersion
processes that's going to equilibrate concentrations, but
it obviously will go all back to air. Does that answer
your question?

PARI ZEK: Right, but--Parizek, Board again. As the
rock is drying out and you could have the steam go both
ways, is there sone distance into the rock after which the
steamonly wants to go away?

BOVARDSSON: No. No. There's always going to be--

PARI ZEK: Al ways sone return?

BOVARDSSON:  You pick a block here that maybe
increases in pressure in the matrix block by a few hundred
Pascal s, and then that boils away and then this bl ock
i ncreases and so you're always going to have sone gradi ent
this way and sone gradient this way. But the gradients are
going to decrease with tine because you arrive, because the
pressure increase here is going to be simlar to that here,
but the distance is |onger so you're going to get |ess

steamflowng into the drift at tinmes just because of
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di stance. You understand what |I'msaying? It is always
going to be both ways. That's my conceptual nodel

PARI ZEK: The Board al so has a concern of the axial,
flow along the axis of the drifts.

BOVARDSSON:  Yeah. Yeah.

PARI ZEK: Because of unevenness of the heating and
then the cold trap effect so, and these are sone of where
our points conme from On page 19 you show t he seepage
t hreshol d val ues and the various variables that went in
there. | guess in there is also lithophysal facts.

BOVARDSSON:  Yes.

PARI ZEK: And so that's caught up in the TSPA.

BOVARDSSON:  Yes.

PARI ZEK:  Now, was it always in TSPA quite in that
formor is this new? Are these new data?

BOVARDSSON: Well, it generally has been like this for
years, that we actually had the sensitivity to those
repositories, but they are dependent upon which unit they
are in, what the perneability of what units they are in and
all of that, so we still sanple this. W also have new
curves for drift degradation that took into account that
the drifts were collapsed, fully collapsed and then we
nodi fi ed these.

PARI ZEK: So that would be the new part?

BOVARDSSON: Yeah, that's totally a new part. But we
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al ways continue to nodify as nore data cone in and our
certainty reduces then we change this to reflect the new
data, but the changes are subtle. They are not harsh
changes.

PARI ZEK:  And then on Figure 21 you show fil nms which
the Board is also interested in, but on rough surfaces are
there tines when filmflow can give rise to drips, just
because of rough surfaces?

BOVARDSSON:  Yeah.

PARI ZEK: 21 shows, you know, in a matter of speaking.

BOVARDSSON: No, you're absolutely right, and we see
that in our seepage experinents because you mght, it
starts out with vets in the ceiling, and then it starts to
go sideways and then you formdrips that collect in the
seepage collection rate, so that's taken into account.

Yes. Absol utely.

PARI ZEK:  Thank you. That could occur in any
| ocation?

BOVARDSSON: Right. Any |ocation, yes.

PARI ZEK: In the drift walls ceiling.

BOVARDSSON: Yes, so that's why our collection system
for the seepage extends over the entire thing. |It's not
just done to where we expect the seepage to be.

PARI ZEK: And you nentioned that there was no seepage

observed to date in lower lith. Yesterday we saw droplets
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of water that Mark Peters showed us, but | guess he would
attribute that to condensation and you would attribute that
to condensation. That's your consistency then. That's not
seepage, in your opinion.

BOVARDSSON: Yes. | think the--no, we have sone
geochem cal information from Zell Peterman and others that
indicate that the chemstry is very little in this water
It's alnmost no silicon, no chloride, if | remenber
correctly, in some of these sanmples. So it's not
consistent to seepage water. So it's very likely to be
condensat i on.

PARI ZEK: Figure 54 was your novie, which was very
ni cel y done.

BOVARDSSON: John Buschek's novi e.

PARI ZEK: But the novie didn't show anythi ng about
permeability, variability in any of the repository
footprint locations, like fall effects or something. Only
edge effects as a result of cooling. Does that nean there
are no fast pathways anywhere in that footprint?

BOVARDSSON: No. No, there are fast pathways. The
thing is, though, the thermal signature is dom nated by
conduction. Conduction is a diffusive process which is a
| arge process and that's why | ow conduction is a thernma
conductivity done not a heck of a |ot because the |arge

conductivity matters. Faults do not affect the |arge scale
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thermal properties. They are going to be the sane al ong
the faults, unless the material is different or the

radi shio (phonetic) or sonething in the faults. So the
nmovie is not going to depend a ot on flow and faults or
things of that sort because it's so dom nated by heat
conduct i on.

PARI ZEK: That would nean that the Chlorine 36 issue
and so on, the anmount of water is trivial, | guess. You're
saying it's conduction-dom nated. | nean you really have
damm little water flowi ng through that systemin the tine
frame of your nodel

BOVARDSSON:  Yeah, well, | have all this stuff. The
Chlorine 36 is not a big i ssue because such a small anount
of water is actually the fast flow of Chlorine 36. So I'l
al ways say it's not a real inportant issue for performance.

M ght be a real inportant issue to nake sure we understand
froma physics point of view, but | don't think it affects
performance in a big way.

PARI ZEK: And Figure 37 deal with the anal og val ue of
geot hermal reservoirs. And, in that sense | guess the
program has the geothermal reservoir anal og sonmewhere in
its story. Is that right?

BOVARDSSON: Yeah. Trafal gar (phonetic) has done work
in Maraki in New Zealand with materials, it has done work

in Yell owstone on geothermal systens, so there has been
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wor k on geot hermal system and anal ogs to Yucca Mount ai n.

PARI ZEK: Tied specifically to the water flow i ssue as
you were- -

BOVARDSSON: It has not been tied directly to the
t hermal seepage issue like | did. That's not--

PARI ZEK: Ckay, that's new.

BOVARDSSON: That's new.

PARI ZEK: Because we would like to see the anal ogs
used in the nost direct way possible rather than--it's a
list, but the listing is useful and if you can then say
wel |, what about the anal ogs used for sonme specific process
you're dealing with. | think you ve just stated it today
perhaps for the first time. Anyway, it's different than
what's in the anal og di scussi ons.

BOVARDSSON: Yeah. That's a good point.

PARI ZEK:  And then one last point. As you boil the
water off, ny tea kettle always has sonething |left behind
and | don't know what's in there, but if you reflux water
through it, | imgine the water is going to be so clean.
And you stated before the water is going to be refl uxed
out, noved out the side, the |lateral novenent of it, and
al ways the salts are going to be very dilute and very snal
guantities of it, so it can't change the chem stry nuch.
But | guess we're going to hear this when we get into the

drift scale tests as to what water cheni stries have been
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collected in order to support that statenment?

BOVARDSSON:  Yeah, but let nme clarify that a little
bit. Wit | was explaining is the conceptual nodel for
boiling and shedding. So we get rid of sone of that water
and sone of these mnerals with tine. Certainly, in the
matri x block there's going to be sonme salt |left because you
boil all the water off. But that amount of salt is very
smal | because the water is so dilute. [It's only 1,000
mlligrams per liter or something like that. So it's a
very small anount of salts, but when you start to reflux
back and the m x-nodel, the TOI nodels show this, you pick
up that water, you pick up that salt and you have high
concentration in the beginning because it's comng to a
little bit of salt, so | think Carl will talk about that a
little bit.

PARI ZEK: And that's kind of an inportant point
because refluxing source of salts is one way which you can
visualize it being high concentration where it didn't go
laterally, but finally cascades back through these smal
littl e packages that have small anmobunts of salt
accunul atively, not a lot of water, but quite a bit of salt
before you' re done.

BOVARDSSON: Right. Yeah.

STEEFEL: Steefel, LPL. Just to meke clear, though,

that use of the termrefluxing by the State of Nevada seens
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to be sonewhat different where they basically cycle
reconcentrated water continually back so that it devel ops
sonmehow a | arge pool of concentrated water. Wat Bo was
explaining is it's basically a one-way transport so the
salts that are |left behind are basically whatever you could
get out of that anbient pore water, precipitate those out
varying rewetting which is the preferred phraseol ogy |
think to refluxing. You do pick up those salts and that's
what Bo nentioned. That shows up in all the nodels. [1'lI
show sone slides. But it's not this heat pipe refluxing
thing that the State of Nevada is di scussing.

PARI ZEK:  Pari zek, Board. The figure 46 though on the
end m ght be your worst case. | nean one long fracture and
all of the steam a lot of steamtrying to go up the
fractures, maybe that vaporization zone is nuch |onger up a
fracture like that? So again you can sort of see nore salt
accurnul ation along that fracture if that hol ds?

BOVARDSSON:  Coul d be. Any ot her questions?

DUQUETTE: Thank you, Bo. Don Shettel, do you want to
comment on the interpretation of the reflux data by
Li vernore

SHETTEL: Yes, |I'd love to comment on this. | think
t here has been sone mi scharacterization of the refl uxing
zone. W believe that the refluxing zone is |ike a heat

pi pe above the repository. And Bo's explanation is not
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clear. He says that condensate cones back down and is
dilute. Well, yes, if it condenses up in the cold rack and
comes down it doesn't have nuch tine to pick up any
di ssolved solids. And it's dilute. But if it's condensate
com ng back down, to ne that seens to inply that he is
all owi ng sone refluxing. And we don't--our systemis not a
cl osed system as he has characterized it as. W believe
over time as one of my slides showed, you get sone
condensity |l ost over the sides of the drifts, which is
consistent with sone of Bo's nodeling. And, by the gradual
net | oss of condensate over the side, you do allow sone
concentration of solutions in the boiling zone. W're not
saying you're getting concentrated sol utions com ng back
down, but that the concentrated sol utions develop at the
boiling front. So over time, it starts out initially
dilute, as he says, but we don't believe it stays that way.
Over time |l oss of water and conpensate over the side with
the net percolation and refluxing that the concentration
builds up, and it's not a closed system sone conpensate is
allowed to be | ost over the side so therefore it is an open
system

DUQUETTE: Thank you very nuch

BOVARDSSON: Just to clarify that a little bit, too, |
t hi nk what this gentleman says would be true if this was an

entire heat pipe region where actually water would go back
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and evaporate in and go back up. It's not. Qur drift
scal e test results have shown this is super-heated region
wi th no heat pipe present here, and there is therefore no
heat pipe in here. There's only a heat pipe process
boiling point up here. So there's always different regions
of boil and therefore you cannot concentrate waters.

That' s our conceptual nodel.

DUQUETTE: Thank you.

BOVARDSSON: According to our drift scale test.

DUQUETTE: Thank you for your presentation and the
di scussion. Sonme questions?

Dl ODATO Bo, thanks for your presentation. Diodato,
staff. Just one quick--there are nunber of issues we would
| ove to have the opportunity to discuss with you, but let's
just use one, stay with the thermal hydrol ogy question.
Mark Peters yesterday shows a slide 10. John, | don't know
if you can get that up, on the one side. And, conpare that
with your slide 36 fromyour presentation on the other
slide. Now the slide 10 is matrix saturation. That's
actual data, and so that's fromthe drift scale test,
right? And there's, the 100 degree isothermthere and the
120 degree isotherm there's still like 80 to 90 percent
water saturation in the matrix. So first, |I'mcurious
about how this water continues to persist at above 100

degrees and maybe that's a concentration effect being the
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total ionic strength is |larger there, but then, why
woul dn't there be a gradi ent between that nunber and then
the fracture saturation on the |left where you could have

some matrix fracture interaction of flow? And, maybe

nmechani cal transport. |Is that possible? | nean is that,
|"mjust curious, | nmean | look at this data, right.
BOVARDSSON: | think tine is out, David.

DUQUETTE: Saved by the bell.

BOVARDSSON: Let nme explain that | didn't |ook
carefully at Mark's slides yesterday, but let nme explain
sonet hing here. W vary our boiling in the matrix bl ocks,
the pressure goes above the anbient 1-bar pressures because
it starts to boil and you increase volunme because the
vol une of steamis a |lot nore anpbunts of water and then you
i ncrease pressure to get the steam out because you're
conti nuously goi ng, okay?

DIODATO So this is a lower perneability, you have
al nost a cl osed system

BOVARDSSON: Because of |ower perneability. So the
tenperature in the fractures would be 96 degrees or close
toit, but the load is higher because the pressure there
woul d i ncrease by 10 or 100 Pascals or sonmething |ike that.

So there is going to be a region here where perhaps
because the pressure is a little higher, the tenperature is

alittle higher so that you don't have a sharp interface
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1 there because you haven't boiled up all the water in those
2 matrix bl ocks.

3 Dl ODATO So there would be both the pressure and the
4 thermal gradient between the matrix and fractures?

5 BOVARDSSON: That's exactly right.

6 DI ODATO So that would tend to transport water.

7 BOVARDSSON: That will transfer steam get rid of the
8 steamfromthe matrix bl ocks.

9 DI ODATO Al right.

10 BOVARDSSON: So | think that's reflected there to sone
11 extent. That's ny interpretation, although this is Mark's
12 slide.

13 BOVARDSSON: That's smaller. Okay.

14 DI ODATO  Wiich is nodel? The water saturations or
15 the tenperatures?

16 BOVARDSSON: Bot h nodel s.

17 PETERS:. Bot h nodel s.

18 DI ODATO  There's no drift scal e data.

19 Next slide. Yeah, so that's data. That's |ess clear.
20 BOVARDSSON: No, | think this point is very clear
21 DUQUETTE: | think we're going to stop the discussion
22 here. W're, as usual, running a little bit late. Let's
23 hold the break to about 10 m nutes and we'll steal sone

24 tinme fromthe | unch break.

25 (Wher eupon, a brief recess was taken.)
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DUQUETTE: The next presentation this norning if
people will please take their seats. Thank you. The next
presentation this norning is on the in-drift chem cal
envi ronment during the above boiling period presented by
Carl Steefel.

STEEFEL: Okay, thank you. W're going to split here.

|"mgoing to be presenting two tal ks and basically
splitting what's broadly referred to as the thermal pul se
into two periods. The first one, the above-boiling period
and the second one wll be the bel owboiling period. By
boiling I mean when the drift wall reaches the boiling
tenperature of 96 degrees. | think it divides the talks up
nicely into a distinct set of key issues that makes it
easier to grasp.

And so |I'Il make the acknow edgenent. |'ve had a
ot of help on this. I'mjust nostly the spokesman here
but in terms of the in-drift chem cal environnment, Geg
Gdowski, Susan Carroll and Tom Wl ery, significant
contributions fromZell and Tom Wl ery. And then, the THC
and the issue of acid gas volatilization fromthe group at
Law ence Berkel ey, Nick Spycher, Eric Sonnenthal and
Guoxi ang Zhang.

So as an overview of the presentation, | want to
begin with just a short statenent on the effect of the

t hermal hydrol ogic environment on the in-drift chemstry
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during the above-boiling period. Wy is it that we' ve got
speci al issues because of the thermal hydrol ogic regine,
and then I'll launch into a first |ook at salt

del i quescence, go on to what salt mnerals in dust are
found in the repository and ask the question specifically
can they generate cal ciumchloride or magnesi um chl ori de
brines. Then |look at the issue of stability of these salt
mnerals or salt mneral assenblages at tenperature and

di fferent RH val ues.

And then, there's a natural lead-in fromthat
topic into the topic of acid gas volatilization fromsalt
assenbl ages at tenperature and specifically what's going to
be their fate in the drift environment. This is focused on
the drift environnent. And then return for another | ook at
salt deliquescence with a focus on the nulti-conponent
aspects, asking the question how much water is absorbed and
what conposition brines can actually devel op, and then I'|
concl ude.

So first just briefly recap the THP environnment
and the effect on the in-drift period, the in-drift
chem stry during above-boiling.

The issue here is that focus is where the drift
wal | tenperatures in this rock are above boiling, which
includes a relatively short heating period that dries out

the drift and rock and then a nmuch nore extended period in
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which the drift wall gradually cools to the boiling point
of water in which, as Bo has nmade a strong case, there's no
seepage of water possible. Gven this, the key issue
during this period are the deliquescence of salt
originating fromdust accunul ated on the waste package and
the related issue, possible generation of acid gases from
the deliquescent salts and their fate in the drift
environment. And, you can see here, the key to this first
poi nt about no seepage is taking credit for the
vapori zation barrier on top of the capillary barrier. 1It's
not to say that no seepage will ever occur, but it's an
extrenely | ow probability, extrenely rare event and so
we' ve got a whole different set of issues, basically dust
that we can focus on during this period.

And so, this is the period we're tal king about.
This is a slide that's going to be shown | ater by Joe Payer
with the ventilation period nunber one and then a heating
period after ventilation. W're basically concerned with
t he whol e heating and cooling period until the waste
package tenperature--1 nmean rather the drift wall
tenperature drops down to 96 degrees, so that's right at
this point. So we're concerned with sonething on the order
of this kind of tinme frame.

This is an average waste packet. You can see the

characteristic sort of patterns, though. The drift wall
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obviously is a little bit cooler than the waste package,
and this inportant gap in tenperature creates a difference
in RH, of course. And the RHis shown on the waste package
i nverse as people have pointed out relative to the
tenperature with lows, the |ow here is about 30 percent.
Sonme waste packages or drifts will actually drop to bel ow
20 percent. And then basically cones up to about 65
percent RH at the end of the boiling period.

So we're going to basically be looking, if we
could see the next slide, at a sonmewhat |limted range of
tenperature and RH distributions here. |In fact, when you
take time out of it and consider, as Bo showed in that
novi e, that various packages nove through this whole
thermal history at different tines, if you take tine out of
it and |l ook at just RH and tenperature, a lot of this
variability collapses into a much nore limted range of
conditions. So for exanple the average waste package woul d
reach the boiling point at the drift wall at this tinme, so
we're basically in this talk concerned wth a typica
tenperature RH trajectory up to about 65 percent, perhaps a
little above that. So we're going to focus on that period.

So I want to start with this salt deliquescence.

And the issue here is that dusts originating in
the repository, this is a review of course, are brought in

by ventilation, may contain salts that deliquesce at
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relative humdity, less than 100 percent. Well, what is
salt deliquescence? It's, first of all, the activity of
water tinmes 100 equates to the RH That's the activity of
water in the atnosphere. So the idea is that the activity
of water and equilibriumwth the salient brine is | ower
than one in every case. Pure water has an activity of 1.
So these brines will absorb water when the RH, that is, the
activity of water in the atnosphere is greater than the
activity of water in the brine. And for highly

del i quescent salts this also inplies that a brine wll

al ways exi st above the boiling point of pure H2-O. This is
the so-called boiling point elevation. Next slide.

And this is just showng--1'll show this quickly
here, show ng here that body and vapor pressure water
versus tenperature for different activities of water, for
exanpl e, pure water activity of one, you can see that the
repository pressure boils at 96 degrees centigrade, 100
degrees obviously at sea level. You can see, though, if
you reduce the activity of water, for exanple, the .75 then
this would be a water equilibriumw th a saturated sodi um
chl oride solution, we raise the boiling point up to about
108 degrees at sea |level, about 106, as | recall, at the
actual repository pressure.

And so the deliquescence, you' ve seen sone of

these slides, RH for sone of these salts. Shown here, for
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exanpl e, cal ciumchloride pieced together is the sumof a
vari ety of phases of different states of hydration, but
they cluster quite a bit here. This is the so-called

del i quescent RH curve, below it RH values in the drift
environment, below that, that salt, if it was present, is
going to be dry. Any tinme that RH cones above that

del i quescence RH curve, you're going to start to absorb
water and you're going to wet up this system You can see
it's about 20 percent for calciumchloride. For these
other salts halite shows very little tenperature dependence
right there at 75 to 74 percent. Soda niter, much stronger
t enper ature dependence. You can see here also that the
conbi nation, the assenblage halite plus soda niter in every
case will have a |l ower deliquescence RHthat's basically

t he conbination of those two salts there.

And this is a slide that kind of summarizes sone
of the chem cal behavior. |[I'll cone back to this towards
the end of this talk and again in the next talk. These so-
called eutectic slides used to give ne headaches and
i gneous petrology, but I think they are worth going through
briefly. The point is that if you'll |ook at RH versus,
say nitrate chloride ratio for the system sodium chloride,
sodiumnitrate, as the RHrises initially you' ve just got
these two salts are dry. Once at a particular tenperature

it hits the eutectic point at 120 degrees--that woul d be
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about 55 percent--you formor start to forma solution. It
absorbs water there.

However, if you had a bulk salt that was--salt
that had a bul k conposition of say, 0.5 just for argunent's
sake here, you don't actually initially formthat
conposition. You formthe so-called eutectic conposition
and gradually then as you raise the RH you mgrate al ong
this solvus. 1It's only once you get back to this bul k
ratio that you can actually |eave that solvus, then you' ve
basically dissolved all your salt and you get back your
bul k salt ratio. The reason |I'm going on about this is
really to make the point that the thernodynam cs of the
systemis actually, in sonme cases, adjusting very
significantly the ratio of nitrate to chloride you have in
the system So I'll come back to that point.

So on the salt mnerals in the dust actually
found in the repository. The point is that, due to | ack of
seepage during the above-boiling period, the salt-bearing
dusts are the chief concern because of their potential for
del i quescence. Small anounts of soluble salts are found in
the repository dust. Higher anobunts are expected if
at nospheri c dust becane a nore inportant conponent of those
dusts, but 1'll review the actual concentrations and
fractions of the different cations and anions there. Chief

concern of course is the chloride-bearing salt because of
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their potential for corrosion of the Aloy 22.

And so what has been done by the USGS as part of
the project is to collect dust fromthe various tunnels.
This is part of the dust collection in phase 2. They
basically took surfaces and vacuunmed them There's one of
t he vacuuned surfaces. Here you can see the original dust
t hat was devel oped on the rock and placard, so you're
actually able to estimate anobunts of dust that are coating
t hese various surfaces. |'ll make use of this a little bit
| ater on.

And the next thing then is the actually anal ysis.

These were anal yzed, it would be nice to just go in and
x-ray these and know what salt mnerals were there. The
problemis the salt contents are extrenely |low and they are
bel ow the detection limt of normal x-ray to fraction
met hods. So what was done is basically to determ ne the
sol ubl e content of the dust by subjecting the sanples to a
distilled water | each. And then basically--well, first of
all, obviously you get out the proportions of nitrate and
chloride. Chloride in that systemand the various
cations--1'1l1 show you that in a second--but in addition,
in terns of identifying what primary mnerals were actually
originally there, we follow two paths here. One is to then
evaporate these | eachates to yield salt mnerals that are

going to be present in a small enough, in |arge enough
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concentration. Now we don't have the dilution with al
that inert dust, and these can actually be identified by
x-ray diffraction. And a second way is to determ ne the
primary salt mnerals via calculation, using an equilibrium
mass bal ance evaporation cal culation, EQ@/6 that basically
takes the water out, reverses the |eaching experinent,
pulls the water out to cone back at it. Inplicit in this
is sone equilibriumassunptions |I'Il discuss briefly later.

But a key point is that it does observe a rigorous nass
bal ance in terns of the overall systemof chloride nitrate,
whatever is in there. |t observes that nmass bal ance. You
can kind of think of that as sonmething |like a normative
salt composition

And so, here is the average of the sol uble
cations and anions, and | probably should have put this on
the second slide, but that's all right, just to point out a
couple things, there's a fair amount of calcium but | want
you to note that there's also quite a bit--this is plotted
internms of mlli-equivalents per kilogramdust. That's
like mols multiplied by the charge. There's quite a bit of
sul phate and carbonate. Sone of those actually exceeds the
cal ci um
| want to al so point out there's sone chloride,

as you woul d expect, but this chloride in every case is

actually less than the sumtotal of potassium and sodi um
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and cations, and there's also nitrate in the system So
try and keep this plot in mnd and we'll cone back to it as
we need to.

And so here's the results of the actual x-ray
diffraction analysis of these salts precipitated fromthe
evaporated dust |eachates. And it shows as the dom nant
salt, as you would expect, is sodiumchloride occurring in
all the sanples. Major abundance in sanples two through
five. Al so getting calcite in one of the sanples. And
al so significant anounts of sul phate. This is gypsum this
i s basonite, another hydrated version of cal cium sul phate
m neral. For sone reason due to the analysis we're not
able to pick up the nitrate mnerals and we're actually
pi cki ng up ammoni a m neral s whether that's ant hropogenic
effect fromthe drilling or whatever needs to be resol ved.

But there is some of those there, but the dom nant
m neralogy is this sodiumchloride salts and the sul phates.

This is also corroborated in general by the
cal cul ations which predict a series of main key
assenbl ages, salt assenbl ages. 68 percent is actually
typified by this assenbl age of sodium chl oride and
potassiumnitrate. The bromde is basically drilling
activities and testing, so in a normal repository setting,
you woul dn't have significant concentrations of brom de.

You can see this is a simlar assenblage. W've only added
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the soda niter here. So no cal ciumchloride or nmagnesium
chloride salts are predicted. None were observed in the
actual evaporation of the |leachate that | showed in the
precedi ng slide.

And so here is a conparison of the different
soluble salt contents in the ESF here, reported by
Peterman, you can see we've got about .3 to .4 percent
soluble salts. So it's quite low. You can see now why we
don't x-ray these things. X-ray in general has a hard tine
below 3 to 5 percent. In contrast, atnospheric dust has a
hi gher soluble salt concentration. So if these becane nore
i nportant obviously you could bring this nunber up.

And so the question arises then, can the salt and
the dust generate these calciumchloride brines? Wll, we
have to say a calciumchloride brine is possible only if
the follow ng conditions and the soluble salt faction are
both satisfied. Nunmber one, calciumhas to be greater than
sul phate plus carbonate. The reason is that cal ci um
sul phate, gypsum or anhydri de and cal cium carbonate, that's
calcite, are relatively insoluble. So you'll tend to pul
your cal ciumout of solution to the extent that those
ani ons are present.

Secondly, chloride has to be graded in sodi um
pl us potassium sane sort of argument. Sodium chloride and

pot assi um chl ori de are | ess soluble than cal cium chl ori de.



449

They' || precipitate earlier. 96 percent of the tunnel
dust failed to satisfy this first condition. The

remai nder, about 4 percent, satisfy the first but not the
second condition. But we don't see fromthe data we have
that there's any way in which calciumchloride could ever
be a significant part of these dusts here.

Simlar argunents for the magnesi um chl ori de,
except now there's three conditions. Magnesium graded and
carbonates, sane sort of argument. This is an insoluble
phase, drops the magnesium out. Sanme argunent about a
chloride. And then additionally a |low silica environnent
since magnesiumis likely to be tied up in silica. There
was sone di scussion about sepiolite yesterday which is
observed for exanple in experinents run as part of the
opalinus clay study in Swtzerland. Sepiolite was actually
identified there. Turns out what nostly is observed in the
evaporation experinments run at Livernore, is a nmagnesium
sheet silicate, either snectite or some other sheet
silicate. So there's nothing absolutely required or
speci al about the presence of sepiolite. The point is that
magnesium silicates tend to form And this is of course
observed in other environnents. |f you |look at M d-Ccean
Ri dge circul ation of sea water which is |oaded with
magnesium it's well known that that water when it

circul ates through the higher tenperature rock is basically



© 00 N oo o B~ w N P

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

stripped quantitatively of magnesium So | think pretty
much all geochem sts accept that this reactivity of
magnesiumwi th silica is a well known phenonena. But the
point here is that none of these conditions occur within
t he repository.

Anot her point to be made is if the presence of
cal cium chl ori de or magnesi um chloride mnerals in outside
dust is very unlikely. The mnerals are known to exi st on
the earth's surface at only a few places. For exanple, in
Antarctica. This is the type locality for the mnera
antarctikite. The few known surface occurrences appear to
be a epheneral. The key point here is basically that very
| ow RH conditions, |ess than about 25 percent, are required
to preserve these salts in-situ. And these |ow RH
condi ti ons obviously are even harder to maintain during
transport of salts. So in other words, even if you could
make and maintain under extrenely low humdity conditions a
calciumchloride salt, you ve also got to transport it to
Yucca Mountain without it ever seeing above about 20
percent. Oherwi se, it deliquesces and it sol ubulizes.

And let's junp forward. | did put one out of
order here. Sorry about that. After all this | put one
out of order. | should be up to 26, not 36.

And so this is just show ng conparison of the

soluble ionic ratios. This is actually--mght just skip
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this because Don Langnuir showed various simlar data
basically showing the ionic ratios of tunnel dust and
Nevada rainfall, which as he showed is quite simlar to the
at nospheric dust. But you can see in general that even if
t he at nospheric conmponent goes up, still we've got very
simlar sorts of nol or ratios devel oped here in the tunnel
dust forward to about 1. Here in the Nevada rainfall we
get very simlar sorts of ratios of nitrate and chlori de.
So we don't expect a conpletely different story if, during
ventilation, the atnospheric conponent becane nore

i nportant.

And, well, the previous one was really just the
intro. It's not that inportant, just says we're going to
tal k about stability of these mnerals. The point here is,
as |'ve said, although it's not expected based on the
precedi ng argunents, the stability of cal ciumchloride and
magnesi um chl ori de have been eval uated experinentally. And
a good portion of the calciumchloride data is newto the
Board, | believe, and all of the nmagnesiumchloride data is
new. The stability of sodiumchloride which is expected to
be present in small amounts, as |'ve said, in the dust, has
now al so been investigated experinmentally. Al new data
here 1'mgoing to show And these have been eval uated
usi ng TGA anal ysis under controlled tenperature and RH

condi ti ons.
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Here's just a quick picture of the apparatus.
Basically shows the sanple chanber. These were actually
originally designed as corrosion experinents with the Al oy
22 in there, obviously. I'mnot going to tal k about that.

"Il leave that to Joe Payer if he needs to. M issue
concern is just the stability of these salts, but you put
it in there and then you control quite closely both the
tenperature and the RH in that chanber so you can raise the
RH and know where you're at. |It's sensitive to weight
changes as snall as tens of m crograns.

And here is the results, as | say, sone of which
you' ve seen at |east this calciumchloride at 150. Most of
the rest of it I don't think you ve seen. This shows both
the cal ciumchloride and the magnesi um chl ori de system At
100 degrees calciumchloride is aqueous filns, are stable
for the duration of the test. And just to rem nd you what
you're seeing here is basically a very rapid initial weight
gain as the salt deliquesces at 22 percent RH in that
tenperature, and then if it's stable, obviously it's going
to just stay at that with the salt, with the water
mai ntai ned there. That's what's happening at 100 degrees.

And | believe Doctor Duquette was saying at 105
you could make a stable solution. This would seemto be
the case. At 100 there's no problemw th stability. Soon

as you start going to 125 though we start to see that
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characteristic, weight loss, form ng insol uble
precipitates.

At 150 degrees down here we see the solution
evol ves rapidly over as little as two days form ng
i nsol ubl e precipitates and al so generating an acid gas,
HCL. It's nost likely that the sanme thing is happening as
m xed system This is new data. Calciumchloride plus
calciumnitrate with volatilization of the hydrochloric--
it's a lower rate probably just because of the dilution
effect of the nitrate, calciumnitrate that's present
there. You can see also that magnesium chl oride basically
transforns within hours at all tenperatures considered in
each case beconi ng non-deliquescent at these RH conditions.
You can see there's the magnesi um chl ori de nunber at 125
and the nunber here, the green, at 115. So there's no
stability to these nmagnesium chloride salts.

When you | ook at sodiumchloride, this is all new
data again. Sodium chloride does appear to be stable at
105 degrees. For reference boiling point of sodium
chloride saturated solution is 108.7, so we're a couple
degrees under that. Seens to be sone evidence for
transformation of this assenblage. It's not clear at this
poi nt what that's due to. Mst likely it probably is
vol atilization of a little bit of HCL, which is now

occurring because we're able to bring this solution up to
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120 instead of 105 because of the |ower deliquescence point
of that m xture, as | discussed earlier.

And so in ternms of the characterization of these
deposits, formations, electron di spersive spectroscopy
i ndi cates precipitates contains calciumchloride and
oxygen. The analyses also indicate a |oss of chloride,
particularly in the case of the 150 degrees centigrade one.
A chloride relative to calciumindicating volatilization
of the hydrochloric acid as a gas. This is conducted under
open systens where you continuously flush through a gas of
known RH, but also with basically zero HCL in the
at nosphere. Spectroscopy indicates a precipitates or not,
cal ci um hydroxide or calcite, so it looks like it's nost
i kely a cal cium hydroxyl chloride that's been forned as a
conbi nation of the |loss of the chloride, but probably nore
inmportantly the loss of this acid conmponent which allows
the PH of that solution to go up a little bit and
precipitate. The point is that 22 percent RH again, this
is a non-deliquescent salts. So we're not able to naintain
these highly deliquescent salts at tenperatures, in filns
under open system conditions.

And so the summary, | probably just gave the
summary. We're able to to these experinents and show t he
cal cium chloride transforns the non-deliquescent phases.

Del i quescent nmagnesi um chloride is unstable at al
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tenperatures investigated above 100. These are the results
of our HCL vol atization for which there's a strong
t enper at ure dependence observed. Cal cium chloride doesn't
seemto vol atize at 100 whereas it goes very quickly at
150. And here's a point where | was going to nake here is
that perhaps this is what the Board was referring to when
t hey tal ked about conflicting evidence about cal ci um
chloride as corrosion potential. | think the point here is
t hat where nobody is questioning the potential of cal cium
chloride to corrode the various alloys at tenperature. In
ot her words, those are good experinents. The issue is
whet her those salts are stable as thin filnms under various
RH condi ti ons under open system |If there was purely a
corrosion issue, | wouldn't even be up here. Joe Payer
woul d be discussing it. And so it seens to be open system
behavior. 1In other words, if you construct closed system
version of this where the HCL in the atnosphere builds up
and then finally canme to equilibriumwth HCL in the actual
brine, you' ve shut that devol atization and transformation
process off conpletely. So it occurs under open system
condi tions where you can flush that gas out of there.

It's our contention as I'll try and show in the
next slides, that the drift environment is very nuch an
open system and therefore that PGA, while the actua

transport rates may not be dead on, is much closer to the
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real situation than a closed system That's the key,

t hough, | think, is that we're not saying cal ciumchloride
doesn't corrode. It's sinply that that assenblage is not
stable at tenperature as a thin water film Cbviously, if
you nmade a large solution of it, you could maintain that
for quite a while, and that's, of course, the way the
corrosion experinents are done.

And so that basically |leads naturally into the
next topic, the volatilization of acid gases in the drift
envi ronment .

And basically, we've said that the instability of
these salts to the extent that they are present, we don't
think that they will even be present, but it would be due
| argely to degassing of HCL. HNLC gas is nuch |ess
vol atile than HCL gas so the primary issues with HCL gas,
so the question is what will happen to any acid gas
generated in the drift environnent and how nuch acid gas
will be generated. WMy be just as the back of the envel ope
because as | said, we don't expect under normal conditions
even to find any salts there. But I'll try and address
t hose issues in the next slide.

This is our view of what happens, would happen to
an acid gas in the drift environnent. Basically, under
open system conditions, any HCL gas that is generated wll

di sperse in the drift. And in fact, as |I've shown you from
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the TGA results, normally you' d expect that if it's going
to occur to happen at the highest tenperatures. That's
goi ng to happen, therefore, when you' ve got the benefit of
this vaporization barrier so the entire drift environnment
is going to be well above boiling. There's no possibility
of condensation. Wat we're arguing is that this is an
open system basically doesn't | ook anything |like a

| aboratory distillation experinent, and that HCL that's
generated is going to mgrate out through the drift
environment, through these fractures until it encounters
liquid water. In the high tenperature case, as Bo said,
that's going to be five to six nmeters back. And then
because of the Henry's Law Constant for HCL and all of
these acid gasses, it's going to partition quantitatively
al nost into the aqueous phase that's present. So we're
tal king here, not just about dispersal, |ike hydrodynam c
di spersion, we're actually tal king about very powerful sin
termin the aqueous phase that's going to scavenge those
aci d gasses.

And the last point to be made, I'll cone back to
this, that if you' re at a | ower tenperature regi on where
condensati on woul d occur, the last place you woul d expect
any condensation would be on the waste packages since they
are the hottest spots within this overall drift

envi ronnent .

457
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| want to just quickly pursue this issue to try
and show our view of these acid gasses with a couple of
simul ati ons that have never been shown before, just done
fairly recently, but to start with the back of the
envel ope, cal culation of what the HCL gas m ght be in the
drift environnent. So, the way we did that, very
conservative estimte, was took the neasured mass of dust
in the tunnels as neasured by the USGS, then used the
measured chloride content of the dust and then, as you can
see again, about 5 mlli-equivalents per kilogram of dust,
and then assuned, very conservative assunption, all of the
chloride volitizes HCL. As |'ve said, normally that
chl oride should be bound up with sodi um chl oride, should be
stable, but let's just | ook and see what happens. W
inject it into the drift. Here's the waste package, here's
the drift environnent. The reddish orange is the rock
here. FEect it into the drift under two scenarios, just to
quickly look at. One, where the drift wall is just bel ow
boiling so we've just had the rewetting front appear here.

But we've still got the waste package above boiling, so

it's dryer there. So there's no condensation issues.

The second one, let's | ook at condensati on where
we actually have this scenario. | don't knowif this is
what was considered by Catholic University where down the

line in the drift you ve got a hotter waste package boiling
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away. Hum d air cones down towards the sonmewhat cool er
drift, like this one, and what happens? So we'll |ook at
that scenario as well. Both the waste package and the
drift wall slightly bel ow boiling.

So the first one basically shows that no
condensation case. \Wat it shows is after we inject that
HCL it disperses rapidly in the drift environnment, within
about one day due to diffusion, dispersion. Over slightly
| onger tinme periods, however, the HCL gas dissolves in the
aqueous phase in the rock matrix here, thus lowering its
concentration in the drift atnosphere. So you can, by two
nmont hs we're basically going fromabout 10 to a m nus 6 nol
fraction, or volune fraction, down to 10 to the m nus 12.
So the point here is that reservoir water, wherever it
occurs in the drift environnent is going to be a very
significant sink for any acid gases that are going to
develop and this is going to operate over a fairly short
time period.

And here's the other case now Wth slightly
hum d air com ng fromsonmewhere up the drift, a hotter
wast e package for exanple, so we're going to allow for sone
condensati on because you' ve got both the waste package and
the drift wall bel ow boiling.

What we see, however, is condensation exclusively

on the drift wall because still its tenperature is |ower
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and the RHis higher there. W see the condensation of
that | ower tenperature drift wall, initially because you're
condensing very snmall anmounts of water after two hours.
Its PHis quite low Al of that HCL gas got scavenged
into that little bit of liquid water that's devel oped
there. After 12 hours we've condensed nore water.
Basically now we're diluting the low PH with that given
amount of HCL. We do not have a infinite supply of HCL
appearing in this nodel. This is actually the anount that
can vol atize off that waste package. W can see further
dilution, so by one day we're already up to PHs of four to
five. So the point again is that with water, if it
condenses wll not be on the waste package. It will be on
the drift wall. That's the last place it's going to go.
Secondly, is that it will tend to scavenge any acid gases
that are present. |If we followed this |onger, we would see
this PH signal nove over the longer time periods into the
water, into the rock, and even sonewhat |onger tine periods
we get mneral buffering that was described by Don
Langnuir, which is that you cannot maintain the | ow PH
pl ume anywhere in this environnment.

So the conclusions, sort of a sunmmary here is in
the unlikely event that cal ciumchloride or nmagnesi um
chl oride area present, the HCL gas coul d be generated

during the above boiling period. |If this occurs, however,
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it would be expected to be during the period when the
entire drift tenperature is greater than about 125 sinply
because, based on the TGA, we see the maxi num
vol atilization at those high tenperatures. And in that
period there's no condensation anywhere in the drift
environment. Sinply noves out. Anounts of acid gas
possi ble are small, placed on the mass bal ances, but even
nore inportantly, any acid gases generated wll be
di spersed widely in the drift environnment and upon
di spersal these will be dissolved into liquid water in the
rock beyond the drift, pulling down the concentration in
t he atnosphere. And if condensation of liquid water occurs
acconpani ed by scavenging, that will take place in the
cool est parts of the drift, not the waste package.
So the last topic is to take another | ook at salt
del i quescence with a focus on these two issues just
qui ckly, how nmuch water is absorbed, just to give you an
idea of that. And also what the conposition brines can
actually develop in this kind of nulti-conponent system
And the salts present in the dust are expected to
contain both nitrate and chloride. W have reversed nulti-
conponent del i quescence experinents that are used to
val i date a geochemi cal nodel that we've been using to
describe this deliquescence and evaporation process. |'l]I

show you one of those. That's all new data. And this, as
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| said, point out the mass of water absorbed by these

del i quescent salts is very, very small. And finally,

return to the issue there of high tenperature and | ower RH.
Eut ectic conposition has a high nitrate chloride ratio due

to the thernmodynam cs of deliquescence.

And this is sone of the experinments done recently
at Lawrence Livernore Lab at 120 degrees. Sodi um chlori de,
potassiumnitrate system Here's the deliquescence of
sodi um chl oride. The deliquescence point appears.
Potassiumnitrate, you can see the experinental data here.

The red represents experinments that originally started as
solid dust and you basically raised the RH, and

del i quescence occurred, and then you neasure the solution
conposition. The black initially dissolved the totally
aqueous system where you actually evaporated sone of it.
And, so you're approaching fromthe other direction.

And so these are reversals of these experinents.

You can see the close agreenent and also the tinme it took
to get that was on the order of 48 hours, indicating quite
rapid reaction rates here. So this is sone of our
val i dation data of the geochem cal nodel, which include the
Pitzer database that's to high tenperature and al so hi gh
ionic strength.

This is the point | was trying to make earlier

about, while concentrated brines can devel op due to
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del i quescence, we're not tal king about big oceans of water.
We're tal king about extrenely small volunes. |In fact, for
a salt mass of .35 grans we're tal king about sonething on
the order of 10 to 100 mcrograns, or mcroliters of water
actually absorbed. So we're not even up to a drop or, you
know, mlliliter sort of volune of drop, which would be up
there. To get up to that point, you' ve got to be all the
way up to 95. So the point here is that we really don't
have enough water mass, for exanple, to generate flow
You're just going to be holding that noisture within the
capillarity of any dust that you have on the surface.

And then back to this thernodynam c control
You' ve seen this already, but the point is between the
totally dry conditions of RH and totally aqueous
sol ubilized conditions at a higher RH the solution
conposition is going to be controlled by this so-called
eutectic diagramwith mgration along the solvus. The
point here really is that if you ve got a bulk conposition
of nitrate, say at 0.5, the thernodynamics in this system
is always going to give you actually higher nitrate
chloride ratios. So it's really only when you clinb way up
inrelative humdity that you can get out these bulk
val ues, and those are shown in the next slide.

|'ve been holding this off. These are the actual

data from USGS showing the nitrate-chloride ratios in the
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solvus. They are actually pretty much favorabl e anyways
for the whole corrosion scenario. You can see that al nost
all of themare above 0.5, but the point is that in this
systemthese ratios actually represent m ni num val ues
because at |ower TH, the thernodynam cs of the systemdrive
the solution to even higher nitrate-chloride ratio.

And this observation is bundled a little bit in
the next two slides. The first one, sort of a schematic
t hat shows possible fields and relative humdity,
tenperature. This is an inaccessible region where the
pressure of water would have to exceed atnospheric. You
can't reach this because of the pressure unless you run an
aut ocl ave experi nent.

Here, below this deliquescence point, the system
should be totally dry. W don't obviously have cal ci um
chloride salts in this system W're considering this
system But the point is that there's this region here
where nitrate-chloride ratios are always going to be
greater than 0.5 and that's because of the thernodynam cs,
just not the bulk salt concentration. |It's only once you
get up to the 70 percent that you have a possibility of
even novi ng bel ow t hat val ue.

And so, on the next slide, if we |ook at the
characteristic tenperature RH, first for the repository,

let's focus on the blue one. That's the nbpst common. This
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is kind of the hot one. That's a nuch col der one. Focus
on the blue one, you can see that drift wall gets to 96
degrees in about 750 years. |In fact, that waste package in
the drift environnment spent its whole period above boiling
in this region, either under totally dry conditions or if
del i quescence occurs, and we're tal king now about sodi um
chloride, not--calciumchloride is |long gone and was never
t here, basically. You' re al ways going to have those
favorable nitrate-chloride ratios. But we don't see that
an aggressive corrosive brine can develop at all during
t his above-boiling period basically based on that.

And so in conclusion, due to |lack of seepage, as
we've said, the chief issue is the deliquescent salts.
Cal ci um chl ori de, magnesium chloride salts are extrenely
unlikely to be present as we discussed in the repository.
But in any case, if present, they would rapidly transform
to non-deliquescent phases due to their instability at
tenperature, at least as thin dust filns here. Any acid
gases generated due to salt deliquescence will be dispersed
in the drift atnosphere at environnent and then dissol ve
into the water in the rock. |If condensation of liquid
wat er occurs acconpani ed by scavengi ng of acid gases, it
will take place in the coolest parts of the drift, not in
any case on the waste packages.

Only nitrate-dom nant brines will formduring the
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above boiling period due to the thernodynam cs of

del i quescence in this particular system This is over and
above the natural variability of nitrate-chloride ratios in
t he dust which as we've shown as quite favorable generally
above . 5.

And | astly, the mass of water we're tal king about
here is very, very small, on the order of mcroliters. 10s
of mcroliters. And, so that concludes the main part.

This next part is kind of a bonus track on the
Catholic University distillation experinents. Their
experinment involved extensive boiling of cal ci um nagnesi um
chloride nitrate water and showed condensation of a | ow PH
water | eaving to netal corrosion. | don't want to go into
this too nmuch, but the key point | want to ask is this
experinment relative to the drift environment.

And, this is sort of contrasted over on this
side, the drift environment, our conceptual nodel for it in
this experiment. Features of distillation experinment that
do not apply, in our opinion, to the drift environnment at
Yucca Mountain. First and nost inportant is the highly
| ocal i zed condensation due to the cl osed system behavi or of
this experiment. |In fact, then later on after they take
this part off and add the Soxhlet cuff, they actually have
t he refluxing of condensed acids, and I think Bo gave a

pretty good expl anation of why we do not expect refl uxing
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in this heat pipe behavior to occur. |In any case would
require a very large quantity of water to humdify the
environment. We don't see any evidence for that kind of
seepage occurring.

A second point is that their experinments, the
corroding netal coupons are held at | ower tenperature than
the boiling brine. So obviously they' d becone the |ocusts
of condensations of those acid gases. WelIl, the situation
inthe drift is the waste package is the hottest spot in
the overall environnent there, even if you' re tal king about
| ongi tudi nal transport down the drift, even then when it
gets there, you're still going to find a waste package
that's hotter than the surrounding drift wall in other
envi ronment .

Anot her point to be made, perhaps, is that
there's sonething inherently unrealistic about an
experinment that involves the equival ent of about 14, 000
liters of dilute seepage water in order to conduct that
experinment. There would be very nuch smaller nmasses of
wat er that would even be there, and therefore, the anount
of HCL that could be generated very nuch smaller. And very
| arge tenperature gradients also are not the same as in the
drift environment. This of course is partly what focuses
this condensation all in one spot.

And so, our argunent is that the Catholic
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University distillation experinent is irrelevant to the
drift environnment at Yucca Muntain.

DUQUETTE: Thank you. Thank you for being early. Go
ahead Ron.

LATANI SI ON:  Latani sion, Board. |If you could go back
to the previous slide where you started with the Catholic,
just one | think. GCh, Latanision, Board. Thank you.
Coul d you go back one. | guess it's No. 50 actually.
That's the one, yeah.

| take your point in terns of the conversation
regarding Catholic University experinments that you're
asking is the experinent relevant to the drifts
environment. And, | think I would have to ask the sane
gquestion. O the tests that have been done by both the
proj ect and by CNWRA on magnesi um and cal ci um chl ori de
brines, why are those experinments relevant? Wy have we
seen so nuch data? You may not be the right person to
answer this question.

STEEFEL: No, |--maybe sonebody el se can answer. Are
you referring to the corrosion tests?

LATANI SI ON: Yes.

STEEFEL: Involving liquid, or are you tal king about
the TGA now?

LATANI SION:  No, I'mtal king about the tests that have

been perforned in concentrated brines over the, you know,
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this is the data that led to our concern in terns of the
Board' s expression, both in terns of the letter and the
report, so I'mjust trying to put in perspective, given al
that you've told us, if magnesium and cal ci um chl ori de dust
is not likely to be present, what was the point of all that
experinmentation?

STEEFEL: 1'Il let Greg answer that. | could give an
answer, but--

GDOWBKI : | think we have been evolving in what we--

DUQUETTE: Please identify yourself for the record.

GDOWBKI:  I'msorry. Geg Gdowski, Law ence
Livernmore. | believe that we are evolving into what we
believe that the environment is and now that we're getting
a better characterization of the environment, the systens
that we were testing at one tine don't seem as rel evant.

STEEFEL: (Qbviously, the sodium chloride and things
like that are still relevant because the--

LATANI SI ON:  Lat ani sion, Board. That would be ny
second comment. |If we could go back to, one of your slides
shows that transient--tenperature tinme transient--1"m not
sure which nunber it is.

STEEFEL: Do you nean way in the beginning or--

LATANI SION:  Yeah, way in the beginning. Wat |I'm
interested in is--

STEEFEL: Probably about 7 or 8, or--
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LATANI SION:  What I'minterested in is having a sense
of over what tenperature range we will get back and what
time period you woul d expect sodium chloride or the
eutectic m x of sodium-of chlorides, nitrates to be
present.

STEEFEL: One nore there. Can we go back--

LATANI SI ON: Yeah, that's probably it.

STEEFEL: Ckay, that's good. The--

LATANISION: Didn't have a nunber. That's why | was
conf used.

STEEFEL: Sodi um chl oride would be in the high
tenperature period, of course. The second tal k focuses
much nore on that issue. Sodiumchloride in the bel ow
boiling period and that's probably the key player there.
But in the above-boiling period, it's basically at these
| ow RHs, sodiumchloride can be totally dry, so it's
basically only when you get the deliquescence point of that
m xture of those nitrate and sodiumchloride salts that the
RH that's going to cone into play, | forget exactly where
that is, but that's going to be sonmewhere | think about 55
percent. So you're really talking about this period from
about right there, | think, up to about there, during the
above-boiling period. And it m ght have shown that on that
very |last slide towards the end that you're talking--

LATANI SION:  That's right.
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STEEFEL: That period of course then the
t her rodynam cs are giving you back high nitrate to chloride
rati os, which are going to be well above the actual sort of
poi nt where you get significant corrosion occurring.

LATANI SI ON:  Lat ani sion, Board. That's roughly what |
t hought in having listened to your comments. So the
corollary question then is the project planning to do tests
in those environnents which I think we're now conming to a
sense of are inportant. Are you planning to do tests--

GDOWBKI :  Greg Cdowski. We have done the tests and
Joe Payer will present themlater this afternoon.

LATANI SION: Great. Thank you.

DUQUETTE: Dan Bul |l en?

BULLEN: Bullen, Board. Could we go to slide 21,
pl ease? The bottom point says that the renmainder of the
four percent don't satisfy this condition. The first
condition was that the dust fails to satisfy condition 1
Is there a heterogeneity in the dust throughout the
repository and so do you get variations in the types of
dust, or is this just a congloneration that all the dust,
you know, doesn't neet this 96 percent requirenent?

STEEFEL: [I'll let Tom Wl ery, he's done the nost work
on that. He's got a whole MR on that.

WOLERY: COkay, the data referred to here again from

the tunnel dust, |eachates, and basically these are
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processed through EQ/ 6 cal cul ati ons sinul ating
evaporation. W then |ooked at all of the salt mnerals
that were predicted to formin these, and then tried to
sort these things out in terns of what would control, for
exanple, the initial deliquescence, and that kind of
focused us on sodiumchloride plus potassiumnitrate for
about 66 percent of the cases. For nost of the remai nder
of the cases, the sanme assenbl age plus sodiumnitrate, and
then in a very small nunber, range, four percent basically
those ended up coming up also with calciumnitrate. And we
never saw any cal ciumchl oride come up in these

cal cul ations, but we do see a calciumnitrate.

STEEFEL: That was true in all of the dusts you | ooked
at so this includes how many sanpl es did you have? 38 or
507

WOLERY: There's sonething |ike, depending on how you
count them about 50 sone sanpl es.

BULLEN: Bullen, Board. Wre these sanples--1 know
that they were taken at various parts of the repository.
Coul d you tie the sanple to the type of geologic strata
that you were in? |Is there a different characteristic of
the dust in the lower lith versus the mddle non-lith,
versus the upper lith?

WOLERY: | can't really answer that question, but |

don't think so.
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BULLEN: Bullen, Board. Do you think that's just
because the dust was ubi quitous or because there is no
di fference between those two, or those three strata?

WOLERY: There nmay be, but, you know, | m ght defer
some of the answer to that question to Zell Peterman who
actually took and anal yzed the sanples, but | know that a
big part of the answer is we know that nost of the dust in
the tunnels is actually rock dust. That contributes
particularly strongly to overall conposition, but
particularly the insoluble conposition, but anyway, Zell,
do you want to take it fromthere?

PETERVAN:. Yeah, there's a lot of variability--

DUQUETTE: Pl ease identify yourself.

(The comments from Zell Peterman were nmade away from
t he m crophone. The following is the audible portion of
t hat comment:)

PETERVAN:. Zel |l Peterman, USGS. There's a |ot of
variability in the overall dust conposition (inaudible)
el ements and traces. Sone of it seens to be related to how
cl ose you want to (inaudible). So there's probably a
conponent of experinents of filmdust comng in there.
Wthin the main, the lith main drift (inaudible) and the
rock (inaudible). (lInaudible) and the total (inaudible).
No significant gradient of (inaudible) wthin all the

different zones, the lithophysal or non-lithophysal zones.
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So that conponent which is, you know, 98-plus percent of
the dust is (inaudible) conposition.
BULLEN: Thank you, Zell. Bullen, Board. | just had

a couple nore questions. Can we go to slide 38, quickly.

| was very intrigued by interpretation of where the acid
gas is going to condense and how it would be dil uted,

except where | see in your nodel is that you' re mssing
some structure here. You're mssing the drip shield,
you're mssing the internal construction conmponents of the
ground support and so the question that | have is, if there
wer e condensati on under the drip shield, would you expect
the acid gas to then be focused to an area where there may
actually be, and again, variability, along the drift and
may end up with a cool spot where |'ve got condensation
under the drip shield and so instead of getting the acid
out into the rock, | produce the acid solution even in ny
new quantities at the surface of the drip shield and
actually either cause failure to the drip shield or failure
to the waste package because what |'ve done is essentially
concentrate all the acid gas into the area that is
systemc. | have a perspective as to why | ask this
guestion. Years ago, Rich Attebury at Livenore took a | ook
at radiolysis effects and found that the nitrates that were
produced in accel erator environnments ended up on condensate

wat er on copper piping and corroded the daylights out of
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it. And so, this condensation of gas is actually a key
issue that if you are actually nmaking it and it condenses
in the wong place, not in the rock, but on the drip
shield, could that pose a problenf

STEEFEL: | think that, first of all, of course, that
we expect if there's any volatilization it's going to occur
at the highest tenperatures when the drip shield would be
wel | above the boiling point so condensation isn't going to
occur. But just to follow this scenario out, it's true
then that first of all that the drift wall is still going
to be a |lower tenperature than the drip shield. So if that
gas can get out it's basically going to mgrate out to that
zone condensed air and then work its way into the water
actually held within the rock mass. Now, if you had a
tight, for exanple, a tight drip shield, then you' re going
to have to rely on basically longitudinal drip transport to
go down through the system and get out of the systemthere,
but again, the drip shield is really not, you know the
design is a quantitative thing that's going to capture
anything there. |It's still going to nove longitudinally
along the axis of the drift and of course, that's--isn't
actually shown there.

BULLEN: Bullen, Board. Just one |ast quick question.

Do you produce acid gas above the boiling point?

STEEFEL: O what? Boiling point?
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BULLEN: At the repository horizon. Do you produce
the acid gas about that?

STEEFEL: What do you nmean above--you're tal king about
the TGA, you see, you don't see it at 100 degrees. You see
it at 125, so it's only the deliquescing ones there.

BULLEN: Bul |l en, Board. Then one would ask the
guestion, why would one want to go above the boiling point?

STEEFEL: Because you' ve rendered these--you' ve
rendered all these slats benign by getting rid of the HCL.

DUQUETTE: Let ne take the Chair's prerogative for a
m nute and say, and pick up on a thene that Ron Latani sion
pi cked up on this norning. You indicated that the water is
not going to get in there through seepage, it's not going
to be stable for corrosion processes on the canister wall.

Wiy on earth do you need the drip shields?

STEEFEL: Yeah, that cane up before. The drip shield
really plays a role in the |ower boiling period. And
you'll see when | get into that why the drip shield is
useful. I'mnot sure that you need it during this stage at
al | .

DUQUETTE: Terry, you have a question?

CERLI NG Yeah, | have a couple of questions. One--
Cerling, Board. One question, you ve showed us how
hydrochloric acid is generated in this. In any of your

work with the nitrate conpound, did you ever get any
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generation of nitric acid?

STEEFEL: Yeah, 1'll let Geg--Geg has done--

GDOWBKI :  Greg CGdowski, Lawence Livernore. W' ve
only done a few experinments with m xtures of chloride and
nitrate. And, calciumchloride is actually |ess
del i quescent than cal cium chloride, so what we saw while we
wer e- -

CERLING Nitrate. Nitrate.

STEEFEL: Calciumnitrate.

GDOWBKI:  --is |less deliquescent in calciumchloride.

So what we saw was when we evolved the ACL gas fromthat

m xed sol ution, we saw precipitation of calciumnitrate and
this insoluble cal ciumhydroxic chloride. W haven't
actually done it at higher RHs. But it mght still remain
soluble with the calciumnitrate.

CERLING And then, if we could drag Zell Peterman
back. The question that | wanted to follow up on was the
one earlier about the inhonobgeneity of the salts and
obvi ously one of the sources of salts is whatever
construction activity there is, and the other has to do
with whatever is really contributed by the rock. And so, |
was wondering if in your collection of dust sanples if in
areas where seepage was nore likely to be involved in the
contribution, is there a difference in the chem stry that

you could attribute to sort of the rock end nenber versus
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PETERVAN. Zell Peterman, USGS. No, we haven't seen
that. The, you know, if we use the calcite (inaudible).
Ckay, is that better?

The area where we woul d see the greatest seepage
was i s under the--under drill hole (inaudible). That's
where the greatest abundance of calcite deposits occurred.

No, we did not see any corresponding variation in the
dust, and | guess what |I'm hearing was once you're in the
main drift and then, you know, ventilation system things
getting pretty well mxed up, that's sort of the goal when
they are collecting dust and raising dust and they see it
di spersed and novi ng down, you know, m xing, and you can
see that. The other conponent, well, we think the
conponents are construction water. W can tell that by
| ooking at the bromi ne, by natural pore water salt that
formon the tunnel walls and then there's, you know, other
t hi ngs, |ike ground--conveyor belt. You can see a |ot of
bl ack specks, which are carbon. 1'msure (inaudible) |ot
of different conponents, but once you get away fromthe
North Portal, things are relatively intertw ned. The dust
conposition. Both the solubles and the (inaudible) both
dust conpositions. | don't know if | answered, responded
to your question properly.

CERLING Pretty close. | guess following on that, d
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you think that you could conme up with perhaps a few and

per haps only one, sort of end nenber conposition that is
contributed by the natural systen? |Is that possible? O
how many dust sanples would it take to be able to calculate
t hat end nmenber val ue?

PETERVAN.  No, | think we can. The silica rhyolites
predom nant rock in the tunnel and whether it's the
Topopahans that got a little bit riled at it, at the T
results of that rhyolite. Now, at the upper part of each
of those units there's of course latite, and that has a
di fferent conposition than the rhyolite. Sonme key
el ements, you know. |[It's higher than titanium higher and
higher. It's still got, you know, 73, 72 percent Si Q2
conpared to a 76 percent for the rhyolite. So it's not a
really big difference, but we can pick those sort of things
up. Because our paper, | think it was the high-level waste
| ast Spring, a year ago, and just, you know, using these
prior diagranms could conpare with things you can see what's
enriched in the dust relative to say the rhyolite.

CERLING Yeah, | was thinking mainly in terns of the
sol ubl e conponent. Cerling, Board. | think thinking nore
of the sol uble conponent rather than the insoluble--silica
and so on.

PETERVAN. Okay. As | say, it's sort of a random-in

the soluble there's sort of a randomvariation. Once you
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get away fromthe imediate effects of the North Portal

CERLING Okay. Thanks. 1've got one follow on
because | can't resist. | have to ask a Bull en-Board
guestion. So this is Cerling, Board asking a Bullen, Board
guesti on.

From your slide 6, you mght be able to nake the
argunent that perhaps a higher tenperature is actually
better in ternms of the corrosion issue because it gives you
sort of a protective period, So in asking that | would say
ask the anti-Bullen, Board question. |Is a higher
tenperature design in this particular corrosion question,
is it actually better than a | ow tenperature design?

STEEFEL: The only reason |I--1 nean you said that was
a nice try, but the only reason | agree with you on that
was that | don't expect cal ciumchloride and magnesi um
chloride salts to be there. So that volatization issue is
probably a non-issue fromthe beginning. But the
addi tional benefit, of course, is that extended
vapori zation period where you have nitrate and chloride
ratios at favorable. |In any case, | don't see big
objections to it. It seens |like these issues, they don't
make it worse. You nmay not get a big benefit out of it.
PARI ZEK: Parizek, Board. On the anobunt of acid that,
gases that could be produced, | didn't get a sense of

vol umes or whatever, but if it heads for the wall early in
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t he placenent of waste packages, it sees pore water and
ends good. It disappears in there. What does that do to
the chem stry of that water? Does that chew away on the
rocks and so, you know, we heard from Bo how nice the water
chem stry could be, but is it likely to beconme normalized
if in fact acid is produced or how nuch acid is it? | nean
it's going to get neutralized, as you pointed out, but--
STEEFEL: | nean obviously, sonebody could go out and
desi gn an experinent where they took, you know, huge
gquantities of HCL and di ssolved small amounts of rock and
you could then produce a very concentrated. The issue is
that you're tal king about a small amount of HCL that have
been dissolved in a fair amobunt of water with even nore
rock out there. And then basically the scenario | think
is, as Don Langmuir described yesterday, at that stage the
HCL becomes a dilute, fairly dilute weak acid that reacts
with just Iike weathering with the mnerals and the rock.
And then there's nore than enough of that material there to
buffer the PH and bring it out. Wen we actually did those
earlier ones, all we did was take the HCL and put it into
the water. Even there we saw only a shift of PH of a few
hints, you know, to have the PH in sonething Iike that.
You' re tal king about small anounts that the natural system
shoul dn't have any problemdealing with, but I don't know

if, Eric, you want any coments to add to that. He has
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wor ked on the drip scale and the whol e busi ness of the
reactivity of the system and--

SONNENTHAL: Eric Sonnent hal, Law ence Berkel ey Lab.
Yes, actually, the PHshift is virtually not noticeable in
this case. The heating of the flow waters that's com ng
down to the drift is actually devol atizing CO2 and
increasing the PH slightly in those figures and so you
can't even see the PH shift of the HCL. You have so nuch
rock area where that gas is going through fractures and is
di ssolving the rock, there probably are some shifts in the
reactions, but it's going to be not too noticeabl e.

PARI ZEK: Thank you. That's trivial, sounds |iKke,
then. And, the other question about the Catholic
University, all their making is to create things other than
dust and that's dripping water, which then evaporates and
| eaves sone scale on the waste packages. Now really, in
t he placenent of the waste package underground before
boiling tenperatures occur in the rock wall, you' ve got a
ot of water in there, and now you coul d have dri pping
because of this redistribution of noisture in that short
time period. You folks discount then this dripping water
and the possibility of devel oping scale, as we heard
yesterday from Catholic University?

STEEFEL: This is during the heat-up period?

PARI ZEK: Right. Just early in the heat-up period. |
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mean you're getting into the point where you don't get half
this boiling rock vapor barrier thing that both says wll
exi st that you need very protected. But to get to that
poi nt you've got water in rock early on

STEEFEL: Bo could answer that, but | nean the
capillary barrier is still in place there, so you're, you
know, and you're tal king about the present regine with | ow,
you know, the climate is such that the nost we're getting
basically for waste package in the extrene case woul d be
about, you know, a kil ogram of water or sonmething per year.
And that doesn't even take into account the snal
percentage that's going to actually seep, which is
somewhere, forget what it was, three to five percent. So
you still have a capillary barrier.

Secondly, is that, you know, you're not going to
get those concentrated brines then. You're tal king about
before heat-up. You're basically going to heat up that
drift wall wthin, say a few years, assum ng the waste
packages are hot so you've got a very limted time to do
any seepage, and actually evaporate sonething on the
surface of the package.

PARI ZEK: Parizek, Board. Again, if we |ook at the
heater, big block heater experinment rather, there was free
wat er outside of the shielding, but you couldn't go in

after the experinent node so you could get water because it
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seens to be possible, really, in these experinents. So
even though you have a capillary barrier, you still had
free water in at |least two | ocations of the experinents
that we saw in the field

SONNENTHAL: Eric Sonnent hal, Law ence Berkel ey Lab.

W only saw water out in those backed-off

hydr ol ogy borehol es when the tenperature was very close to
boiling and the vapor, the water mass fraction in the gas
is extrenely high. So you have a very short period of tine
way out in the rock, and that's the only tine we ever
collected water and it was only out in the rock.

PARI ZEK: Parizek, Board. Wis there not water on the
floor just entering up to look into the gauge of whatever
t hat heater experinment was conducted before?

SONNENTHAL: Not in the drift. W've only seen water
t hat condensed on the outside of the bul khead.

PARI ZEK: That's the water | have in mnd. The
bul khead was not totally seal ed.

SONNENTHAL: Right. In the drift we've never found
wat er .

BODVARSSON: Bo Bodvarsson, Livernore Berkel ey Lab.
Just to clarify, that's water outside which is condensation
of steamthat went through the bul khead. So it had nothing
to do with, really, the canister of water or seepage.

ABKOW TZ: Abkow tz, Board. l'd like to take this
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di scussion to new heights, nanmely 50,000 feet since |'m not
a nmenber of the Yucca Mouuntain underground, but | do think
| can contribute at that |evel

What | think is that we have a situation here
where corrosi on has been expressed as a concern by the
Board for quite sone tinme, nore than 10 years. It has
survived many different transitions and board nmenbers and
different political admnistrations and so forth. And, the
Board has been sending a nessage for a while that this is a
concern and it sort of put an exclamation point on that
nmessage last Fall. Wat | had subsequently heard fromthe
conversation today is that the environnment under which
tests have been conducted for many years, expendi ng many
mllions of dollars, is not an environnment that's
pl ausible. And that this is sonething that has just been
| earned over the last few nonths and is being presented to
us today, and so basically the concerns of the Board are,
in DOE's eyes, a non-starter.

As soneone who has kind of, at least for this
Board, a mantra of taking the tinme to do things right, it
seens to nme that this new information and new concl usi ons
is a, you know, rather sudden set of acconplishnments, and
the project at this conplex, when that pace of learning is
occurring at such a high rate, it tells nme there's probably

a whole lot nore learning that needs to go on in this area
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or other areas. And so, | want to, you know, | want to go
on the record as expressing a concern that if we're stil

| earning these types of things at this point in tinme, you
know, | wonder whether or not we should be at a point where
the repository design is always so well defined and ready
to go. So | just express that concern and | invite anyone
fromthe agency to respond.

ANDREWS:  Yeah, this is Bob Andrews. Let nme try to
respond a little bit. It is true that sone of the testing
from corrosion perspective was initially conducted in
cal ciumchloride type brines with varying anmounts of
nitrate. You'll see sone recent data collected over the
last six to nine nonth in sodiumchloride type brines and
other brines including sulfate--in fact, | don't think
we're going to show the sulfate data this afternoon. You
saw sone sulfate data yesterday fromNRC. So the testing,
types of environments tested, the range of tenperatures and
range of chem stries has evolved in continuing testing of a
range of environnents.

However, | think the point we're trying to make,
especially in Carl's talk, is the Board put sone pieces of
i nformati on together based on the presentations |ast My
that were in fact in correct. That although we do observe
cal cium and we do observe chloride, we don't observe

calciumchloride in the dusts, in the salts, present at
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Yucca Mountain. There's no evidence for that. In fact,
even if it were present somewhere in the southwest, and

t here have been sporadic, | think as Carl pointed out,
observances of calciumchloride dusts in the H gh Sierras,
| believe. They are not stable.

So, for those two reasons al one, |et alone going
to the volatilization at higher tenperatures, the Board's
prem se in their Novenber 25th report is not correct. You
know, we apol ogi ze for the Board having cone to that
conclusion, but it was based on information, | guess the
Board put together and the fact that we did not, as | said
in ny introduction, talk specifically about what were in
t hose salts when we presented the information |ast Muy.
That is recent information. You're absolutely correct.

So, yeah, you're right. The Board had sone inferences
derived fromsone information, not the conplete story, and
we're trying to provide that conplete story today.

ARTHUR: Al so, John Arthur, Departnent of Energy, and
| nmust respond also. | think if anything, many of the
comments whi ch you suggested are nmade by previ ous boards,
but if anything, | think we try to be responsive to the
| etter and present our case today which is many of us tried
to do. As far as the issue raised about designs
(1 naudi bl e) we've been continuing to (inaudible) of this

design and | feel it is optimzed now | feel that a self-
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service (inaudible) presented yesterday. W' re nmaking very
good progress and we have sonething (inaudible) to the
Regul atory Conmm ssion. And the ball is in our Court, so |
(i naudi ble) cone up with --set of science today.

PAYER: Al right, Joe Payer. (Ilnaudible) the other
end of that and that is the corrosion strategy throughout
t he years as sonebody who has been involved in peer panels
alittle bit, DOE has worked in this area over a nunber of
years. And over the last year and a half, had the charge
fromthe director to | ook at the corrosi on program strategy
and the way it's laid out. A basic foundation of that
strategy is to identify the types of environnments that may
pertain at Yucca Mwuntain and those that won't pertain at
Yucca Mountain. And that has been the focus of Carl's
first talk here, and we'll continue after |unch.

The ot her basic premise is to identify the
corrosion behavior of Alloy 22 in a range of environnents
so you're trying to match the realistic environnments to the
realistic corrosion behavior, and you want to go beyond
that. The project has chosen not to go as far beyond that
as the State of Nevada into boiling barite chloride and
sonme other elements that we believe just don't need to be
tested, but you know, to | ook at the cal ciumchloride
environments is very rel evant because sonme of you have

asked and others as well, well, maybe we don't believe, or
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what if somet hi ng happens where bot h--what woul d happen if
Al oy 22 was exposed to these environnents? That's why
we're doing the tests, and we'll talk about that later this
aft ernoon.

So, the other part of it is that Carl's talk here
is talk when the thermal barrier is still in place and this
afternoon he'll tal k about when we can have drippi ng and
seepage conditions. And that's a whole different ball gane
at that point. And so, the corrosion becones nore of an
i ssue, we believe, in that case.

SHETTEL: Don Shettel fromthe State of Nevada. |
have several comments. | had a coment on the drip shield,
but I think I can drop that now

Sepiolite, we would agree that in certain
envi ronnments, certainly you can get nmagnesiumrenoval, such
as seawater running through Ccean Ridge, the salts. But
t he environment at Yucca Mountain is totally different.

Regarding HCL, this also has sonething to do with
the drip shield. But if you recall one of ny last slides
where | had the CG22 in the boiling HCL, and we got the
part that was exposed above the liquid was alnost totally
gone. Now, | believe if the HCL is being--is reacting with
the C-22, we're not tal king about diffusing way off into
wall rots. |It's reacting right next to where it's boiling

and that's the chemcal sink for it, doesn't have to
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di ffuse away fromthe canister, and doesn't require cooler
t enperatures or anything el se.

Regardi ng the comrents on the Catholic University
experinments, | think Dr. Staley covered the simlarities
there between the experinments and the drift. | also want
to say that we don't have to concentrate these waters
before they hit the drift. | nean the canisters. They
have experinmented. W started out, certainly, with
concentrated experinments and sonme other things |ike |ead,
but recent experinments were very, starting wth very | ow
and essentially 1X pore water. It is possible to get
corrosion with just 1X pore water, so these |arge
guantities of water that you're referring to are not
necessarily required. And, | think one of the main
di fferences between what you're tal king about, which is
del i quescence of dust w thout any addition of seepage water
and what we're considering, which is the possibility of
getting seepage water through the so-called vaporization
barrier during the thermal pulse is very likely because you
have episodic flow of water and pulse in fractures and
therefore it is a possibility. W're not saying that
everywhere you get this, unlike what you are saying that
everywhere you have very dilutant benign waters.

| think that's all unless you want to nmake a comment.

STEEFEL: Let's see what woul d be--oh, the one on
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sepiolite, | don't have nuch to say there. | nmean at M d-
Ccean Ridge at Marvin was just thrown out as an exanpl e,
but it's actually precipitation of magnesiumsilicate he
has observed in the--

SHETTEL: Oh, yeah, yeah. | want to comrent on that.

The precipitation of nagnesi um and ot her clays, for

i nstance, require alumnumand you really don't have nuch
of that in the unsaturated zone pore water that's at other
repository levels. So without alumnum vyou really are
quite limted in nmagnesi umrenoval methods there.

STEEFEL: Yeah, that's required in the--but I amstill
not convinced that there's no sepiolite devel oped because
if you' ve got alum numthat's presumably why, one of the
reasons why sepiolite didn't form Just sinply you had a
nore stable magnesi umclay you could formw th an abundance
of alum num present in solution. So--

SHETTEL: It still has to be shown experinentally
ot her than just nodeling that you can get such a phase.

STEEFEL: If it's observed in other, you know, |'ve
seen it--1 haven't done a thorough literature search, but
I"mcertainly seen it in the opalinus clay experinents
where sepiolite was identified via x-ray. Now, that's a
hyper al kal i ne.

SHETTEL: | was going to say, howrelevant is that to

Yucca Mount ai n?
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STEEFEL: It m ght be and m ght not be. But you're
saying that it has never been observed, so-- And what was
your second thing?

SHETTEL: Al so, Gdowski, you did find sonme magnesi um
snmectite in his experinents.

STEEFEL: Well, that's simlar to the nmagnesi um cl ay
that's found by Carroll and Gdowski .

SHETTEL: That was an experinment that had tuff added
toit. W're tal king about the evaporation of pore water--

DUQUETTE: |'mgoing to have to--you know, if we're
going to have any lunch at all, | have to stop this
di scussion. Now, there will be nore tinme for discussion
later on. 1'mgoing to take two quick questions, one from
nmy col |l eague, Dr. Latanision and the other from Car
Di Bel | a.

LATANI SION:  Carl, you want to go first? Go ahead.

DI BELLA: Could | have your conclusion slide again?
And 1'mgoing to try to be very quick. You had two
conclusion slides. This is Carl Dibella, Board Staff.

And maybe the second one first and I"'mgoing to try to work
backwards, very quickly through them It's [ike No. 42 or
43. No, it wasn't that. GCkay, let's do the next one,

we' |l just work backwards. Can | have the next slide,

pl ease, 49. |1'mgoing to work backwards.

The mass of H2O taken up in the salts is very
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small. | think everyone knows this. | would hope maybe
when Joe talks this can be translated into, if there is
corrosion, how many holes or what's the size of the holes
or how deep are the holes or sonething of that sort, what's
the relevance of that? W tried to, at least | tried to,
think of what is the lower Iimt of corrosive material that
woul d not be of concern, and | don't know what it is, but
maybe the project does. So nmaybe Joe can do that.

Wor ki ng backwards, this conclusion is, a
conclusion I think is we can all agree with. But it's for
a very different systemthan the systemthat the Board was
concerned about and it's paper. The systemthe Board was
concerned about was the cal ci um magnesi um chl ori de
del i quescence. This is sodium potassiumchloride, nitrate
del i quescence that is sinply another issue. And
furthernore, as you showed, the sodiumnitrate has a nuch
| ower deliquescence point than sodiumchloride and so its
behavior is nothing like the cal ciumchloride, calcium
nitrate, nmagnesium chloride, magnesiumnitrate systens. So
| don't see the relevance of that conclusion to the Board's
paper of last Fall.

Coul d we nobve backwards agai n? One slide
backwards, 48. Condensation, scavengi ng of acid gases
absolutely wll take place in the coolest parts of the

drift, not the waste packages. But that's not an issue
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that the Board brought up in its paper. W are not
suggesting that the acid gas reacts with the paper, with

t he package in the paper. W' re suggesting that the acid
gas needs to be renoved in order for--if the acid gas is
not renoved the calciumchloride stays where. That's
sinmpl e thermodynam cs. And, if the calciumchloride stays
there, the project has shown us data that there is
corrosion. So the question is does it stay there? The
data shown to the Board which we put up yesterday with a

t her mogravi metri c experience, experinents, where the
hydrogen chl ori de was swept away by the novenment of gas

t hrough the system And therefore, it had to be
continually repleni shed by deconposition of cal cium
chloride. If it's not swept away, of course, the cal cium
chloride stays there. So the question in the Board's paper
was, please show us how the system the condition in the
hydr o--thernogravi netric apparatus are the sanme as the
conditions in the repository?

STEEFEL: Anot her aspect of the thernogravinmetric
apparatus is that it was actually operated in a relative
hum dity above the deliquescence relative humdity so it
was forcing the reaction to the right with that point of
view al so, so there may well be an explanation. But we
haven't received it to date. The acid gas wi |l disperse.

There's no question.
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Dl BELLA: The question is how fast does that happen?
If we're going to disperse by the convective forces in the
repository, how do they relate to the thernogravinetric
appar atus, nunber one. They are going to disperse by plain
old ordinary diffusion. How fast is that going to be? If
it's very rapid, fine, if it's not rapid, we mght have a
pr obl em

STEEFEL: |I'mnot sure | didn't show that. That was
t he point of those sinulations obviously. Those were
prelimnary in nature, but they basically showed the
di spersal of that HCL gas in the drift environment using
t he nodel that's been used to describe gas mgration,
obviously focused on CO2 in the nountain and in all the
drift scale tests. So if it, you know, | didn't present a
detail ed one-for-one table, but there's certainly sone
presentation of the transport of HCL away fromthat waste
package.

D BELLA: That kind of thing was fine. | think it was
120 degrees and--but that sort of sinmulation is a very good
idea and | did notice that the time frane for dispersion
was much higher, nmuch nore tine is required than the
gravinmetric experinents. It only took Iike 20 hours.

Let's see, Point No. 2, the rapidly transforned

and non-del i quescent phases, do they--yes, they are

unstabl e, but again you have to renove the HCL where they
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becone stable. And, how fast does the HCL nove is a real
guesti on.

Now | get to your first point which was are the
salts there in the first place? And | certainly think if
they are not there, we don't have an issue. And so it's
very worthwhile looking at this, but the technique you're
using of dissolving the salts and then re-evaporating them
assunes equilibriumof the salts, and one has to say, why
equilibriumis a good assunpti on. And | could nmake an
argunent for why it mght be a good assunption. If those
salts had been exposed to a lot of rainfall before they
cane into the repository, fine, but you didn't nake that
ar gunent .

STEEFEL: And that's--can | make a comment? That's
where in that switching skipped over that slide. Can | go
to about slide 247

DeBI LLA; It is 24 and you very specifically nentioned
di sequilibriumas being a possibility.

STEEFEL: Yeah, so that--no, | skipped over this. The
poi nt here was that, yes, you could have, if these things
blew in fromsomewhere, they would initially be expected to
be a mechanical m xture with no aqueous phase there. The
argunent here is that, as soon as initial deliquescence
occurs, you're basically going to expect to get a

transformation, for exanple, via sone reaction like this
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one, calciumchloride plus the sodiumsulfate goes to a
nore stabl e phase. The experinents that have been done so
far indicate quite rapid action tine so there doesn't seem
to be a huge kinetic barrier. And secondly, the reaction
products have a hi gher deliquescence RH and that's what
causes themto dry out. But this is the argunent, the
secondary argunment has to do with transport from any
particular site or--

DI BELLA: That didn't seemto be one of your
concl usi ons, but neverthel ess, we're probably--the
t hernodynam cs, | absolutely agree with. But the--we're
dealing with solution of calciumchloride, nore like
calciumchloride in other stuff that is conpletely
saturated thernodynamically. Howis that reaction going
to, all those things going to get together for that
reaction to take place? |If they do get together | agree
the reaction will take place. And, you need to explain
t hat .

Now, one last thing and that is that we didn't
have the data, although the data were available, we didn't
have the data on the conposition. Wll, the data weren't
avai lable. This is new data for nme on the conposition of
the salts. But we did have one key piece of data and that
is this experinent that was done largely in our |aboratory

on pore water. It was a synthetic pore water, but it was
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based on neasured pore water where they evaporated it, not
in the presents of tuff, and canme up with tachyhidrite.
Yes. That's a calcium magnesium chloride salt. That is
very worrisonme. You can't--you didn't nention that piece
of data. Is it raw? |Is that maybe only one percent of the
pore water, did they not put the synthetic pore water
together correctly? | don't know what the answer m ght be,
but if that--that's a piece of data that just can't be
i nportant.

STEEFEL: Well, that was evaporation experinents of
t he subject of the second tal k, but maybe--Geg, can you
conment on- -

GDOWBKI :  Eric has a conment.

SONNENTHAL: Eric Sonnent hal, Law ence Berkel ey Lab.
| think that one pore water that Rosenberg et al paper used
was not an actual pore water conposition. There were
several values in that report, and that happened to be just
a hypothetical case. So nore in the mddle of the report.

It's unlike other conpositions.

D BELLA: It was based on neasured pore water.
Absol utely. Now, whether it was based properly on neasured
pore water - -

STEEFEL: M understanding was that it was sonething
of a synthetic pore water, but that there were sone general

sanpl es, not fromthe repository horizon, but above the
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repository horizon that had that general signature. | don't
remenber exactly what, for exanple, silica concentration
they used there. It's still--there's still a question,
gi ven such, you know, evaporation experinment that you can
often formtransi ent phases that may not be applicable over
t he sonewhat |onger tinme frane of interest in terns of
corrosion. | nean that's the argunent. Any tine you apply
an equilibriumanalysis, it assunes sone tine frame and so
the question is is that evaporation experinent the sane as
the relevant tine frame within the drift environnent, which
normal ly I woul d expect to be longer. So, that would be ny
mai n poi nt about that.

PYE: Pye, Board staff. |It's our recommendation of
t he Board--excuse nme the project showed that in the in-
drift environnent the drip shield and the invert coupl ed
very closely. Indicia cited for condensation under the
drip shield was the drip shield was cool er than the invert
and that condition seenmed to be fairly prevalent. 1 guess
ny question is, since |'ve |ooked at slide 38, the other
piece of the EBS that's mssing is the invert. So ny
question is, what recent assessnments have been nmade to
assess the potential floor condensation in the in-drift
environment on the wall, on the drip shield and the waste
package and is there an AMR you could direct us to?

STEEFEL: | can't do that, but maybe Eric can.
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SONNENTHAL: Eric Sonnenthal, LBL. Regarding the
first part of your question, we're plotting here the PHin

t he water phase. There actually is an invert in this

nodel. But it's--you can actually see part of it is wet,
down below. | think I have to | eave the second part of the
gquestion--1'11 take that--

ANDREWS:  Yeah, John, this is Bob Andrews, BSC. There
are three AVRs in fact that hit various el enments of
condensation and convection in the drift. One specifically
is devoted totally to that subject called In-Drift
Convection and Condensati on Model and Anal yses. Two ot her
AMRs hit on it. The Thermal Seepage AMR and the
Ther mal hydr ol ogy AMR di scuss the concepts of lateral flow
and invection down the drift, but the actual results being
used are fromthe first one | nentioned. In-Drift
Convection and Condensation Mbdel. As | said at the very
begi nning, we didn't think we had adequate tinme today to go
into the details in the in-drift convection and
condensation. It is being included in the total system
per formance assessnent, and we'l|l be happy to tal k about

t hat next ti me.

DUQUETTE: |'mgoing to cut the neeting off here since
we're well into the lunch hour. Let's convene in exactly
an hour.

(Wher eupon, the luncheon recess was taken.)
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AETERNOON SESSIL ON
LATANI SI ON:  Let's take our seats, please. W have a
pretty full afternoon, and so if everyone coul d be seat ed.
Wen we began yesterday, | nmade the comment that |
had as a personal goal providing an opportunity for a ful
and objective hearing of the concerns that the Board had
expressed regarding the Project's corrosion studies. And |

want to thank everybody who's been a part of the

conversations over this past day fromthe State of Nevada,

fromEPRI, fromthe NRC. | think--and, of course, fromthe
Project. | think we've had that kind of conversation. |I'm
really very pleased by that. So, | do want to thank everyone

for the spirit in which we've had these conversations during
the past day. And | hope that we'll continue this afternoon.
We have two speakers. We'll continue with Car
Steefel who wll talk about thermal chemi stry and evaporative
concentration evolution, and then we'll hear from Joe Payer.
Carl ?
STEEFEL: So, hopefully this talk will be a natural
followon to the preceding one. W mght even revisit sone
of these issues. But, as | say, as | said in the beginning,

| think there's a natural division between sone of the issues
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during the bel owboiling period and the above-boiling period.
Can we get the next slide, please?

The acknow edgenents here, a simlar cast of
characters with talk preparation by Dave Sassani, N c
Spycher; the pore waters, Zell Peterman and N c Spycher at
Ber kel ey Lab; in-drift chem cal environnent, the sanme cast we
had earlier; and then at | east some discussion of the THC
evol ution where Nic Spycher and Eric Sonnenthal gave ne sone
help. | don't knowif Eric is still here. He had to--well,
we'll see. If we could get the next slide?

| want to start wth sonme of the Board' s conments
on seepage chem stry that provides sonme notivation partly for
what I'"mgoing to talk about. They said the DCE' s anal yses
of water chem stries and their corrosive potential are
extrenely conplex and suffer fromenpirical and theoretica
weaknesses. Thus, the Board does not have a high degree of
confidence in DCE s conclusion that any seepage water woul d
be dilute or noncorrosive. This is fromthe Executive
Sunmmary.

And in response to the Board, we are presenting
here an overview of the processes affecting seepage water and
evaporated brine chem stry and provide a high-1evel
description of how these processes are addressed. | don't
think I"'mgoing to be able to explain everything of what's

done there, but hopefully enough to get people started so if
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they want to pursue the issues, they can actually go to the
i ndi vi dual technical docunents. Next slide, please.

And so, as an overview, a brief definition of the
bel owboi l i ng period. What processes then we want to
consi der, what processes affect the chem stry of solutions
that could contact the waste package, and what are the sum
total of processes? One of these is what the natural
variability of anmbient pore fluid conmpositions is and how
will this variability affect in-drift chem stry. And another
i mportant question to be considered, how does the thernal -
hydr ol ogi c-chemi cal evolution, we call that the THC
evol ution, affect the conposition of potential seepage water?

And, lastly and inportantly, how does evaporation in the
drift affect the chem stry of solutions that could contact
t he waste package?

And then we want to kind of, at |east, nmake a
prelimnary attenpt at rolling all this up and say sonething
about then how this chem stry, which we're going to be
tal ki ng about here, is coupled to the Tinme-Tenperature-RH
hi stories of the enplacenent drift. So, we start to get an
i mge then of how chem stry seen by a particular waste
package evol ves through time and have some conclusions at the
end. Next slide, please.

And, of course, the purpose here in evaluating the

chem cal evolution of fluids is that aqueous solution types
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affect Alloy 22 waste package corrosion differently. This is
a kind of bubble diagramyou m ght have seen before with
decreasing RH, increasing evaporation this direction. You
start with sonme kind of dilute water, obviously, and
dependi ng on what kind of reactions take place, concentration
mechani snms, you can formdifferent kinds of brines. And, of
course, these brines will have very different affects on the
corrosion of the waste package. So, that's why we need to

| ook at this issue. Next slide.

Before I go on, though, | want to make one point
about in which cases will the chem stry of seepage water be
relevant. This is really a perspective slide here. Say the
chem stry's really only going to be rel evant when seepage can
occur. Seepage can only occur when the drip shield fails.
And even in the absence of a drip shield, seepage can only
occur in a limted nunber of waste packages because of the
efficiency of the capillary barrier. The point here is, if
you | et a geochem st get up and tal k about geochem stry,
they' Il talk until the cows conme honme, but we have need to
keep this kind of thing in perspective that we're talking
about various scenarios that may, in fact, either not cone
into play at all or only cone into play in a limted set of
condi ti ons.

And so back to this slide here now, the definition

of bel ow boiling period, now we're | ooking at the period
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where boiling at the drift wall ends somewhere around, for an
aver age waste package, 750 years or so. How far out here you
take it depends on your point of view. Joe Payer is going to
be showi ng sone evidence in the next talk that really bel ow
about 90 degrees Centigrade, corrosion is not a significant
issue. So you can--if you chose that, then really the w ndow
that we're | ooking at here is sonewhat narrower. But,
obviously, it corresponds to this kind of period where the RH
now i s going from about 65 percent, in this case, close to--
yeah, about 65 percent up to as much as about 80 to 90
percent. So that's the tenperature RH wi ndow that we're
going to be looking at during this period. Next slide,

pl ease.

And so the processes that affect chem stry of the
solutions in drift environnment include the initial pore water
chem stry and al so the thermal - hydrol ogi c-chem cal processes
in the rock. | want to make this point, hopefully, quite
clearly in the presentation that it's not necessarily a
si nmpl e evaporation of pore water chem stry. There's
nodi fications to the water that we can docunent through these
THC processes, and they have to be considered. And then,
finally, the evaporative processes inside the drift. Next
slide. And so to start with, let's ook at the variability
of pore water chem stry. Next slide.

VWhat is the natural variability? Well, we' ve--we,
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| say the Project, has collected sanples of pore fl uids,
coll ected and anal yzed themfromall potential repository
units now. |'Il be showi ng you sonme new data. | don't know
if I know every | ast data point of what's new and what you
m ght have seen before. | know at |east sonme of it. But
t hese pore waters show a substantial range of major cation
proportions, especially calcium sodium and inportant
anions, chloride, nitrate, sulfate, and carbonate. So,
there's definitely a range involved here. But observe, for
exanple, is that calciumgenerally becones | ess abundant with
depth due to calcite precipitation and, to a | esser extent,
ion exchange with sodium There is a depth trend there.
Nitrate/chloride ratios, which are of course
important for netal corrosion, are quite variable here. So,
what we want to do is take those natural pore water
conpositions, basically use them-I"mstarting to tal k about
sonme of the procedure here--use them as boundary/initial
conditions for the THC sinul ati ons such that they span the

range of the entire anbient system Next slide.

And this is one of these ternary diagrans,
quadril ateral diagrams, that you' ve probably seen quite a bit
of here. If you focus on the cations, this actually
represents all the pore water sanples fromthe actual

repository horizons; the upper lith, the mddle non-lith, the

lower lith, and the lower non-lith. Color coded and, this
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way, you can see focusing, for exanple, on the cations that
you get the mddle non-lith and the upper lith clustered
quite nicely but still show ng sonme evidence for a distinct
trend in terns of exchange with sodi um such that when you get
to the | ower stratigraphic horizons, the lower lith, we've
actually got significantly higher sodiumin the pore waters
and then even sone sanples fromthe |ower non-lith that fal
down here with essentially no magnesiumin there at all. So,
there is some evidence here of a trend to this, this sort of
--this array of cal cium and sodi um nunbers. Here, also,
trends in terns of bicarbonate versus chloride, which is the
dom nate cation

Now here, up here, portrayed as the sane data, of
course, projected onto this quadrilateral, this is where
we' ve shown the conpositions that are actually chosen for THC
nodel i1nput; chosen hopefully such that they span the range,
enconpass the range of variability observed in the natural
system \We can see one of our sanples. WO quite closely
approxi mates some HD permwaters that were collected in the
past .

Sonme of these waters here in the mddle non-lith
are actually new analyses. | don't think all of them are,
but sonme of these are new. They actually cluster quite
nicely here and define this set of sanples as a bona fide

type of water within the nmountain there, but we've al so
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sel ected conpositions that cover the remainder of the range.
About the only part of the range we haven't covered
significantly here are some of these yellow sanples fromthe
| ower non-lith. | should point out those are about three
percent of the repository, so they're not all that
significant. They're close, pretty close, to underneath the
repository. The rest of these are not underneath it.
They're well within the repository horizons. But you can
see, in fact, those are sodiumrich anal yses.

One of the points about this, in fact, is that
t hese new sanples which cluster quite nicely here--in fact,
it's not shown on this diagram the nitrate nunbers--but, in
fact, a lot of these or all of these new anal yses have quite
a high nitrate with very consi stent val ues rangi ng between
about 35 and 44 ppm So, whether that suggests that, in
fact, nost of these higher chloride values should have higher
nitrate, we still haven't established that. That shows up in
t he next slide.

As | said, quite a variable range here of
nitrate/chloride ratios, but sone of those | was referring to
in the blue actually cluster quite nicely with significantly
hi gher nitrate val ues even though their chloride is high
there. So this is a natural variability in nitrate chloride
along with all those other chem stry that we want to take and

propagate through the natural system
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Now, this does bring up the issue of whether
nitrate could be reduced or degraded in the natural system
| think it's possible that sone of these reactions m ght
occur at higher tenperature as long as there's not conplete
dry-out. But the question is, we don't see any reason why
there should be nore nitrate degradati on, m crobial
reduction, at higher tenperature than we basically--than we
observe now in the anmbient system In other words, | think
the anmbi ent systemis probably capturing whatever degradation
IS going on there.

It should be pointed out in general that the
nitrate reduction is not going to be favored in this kind of
envi ronment because of the presence of abundance oxygen.
Basically, any el ectron donors of which organic carbon would
be normally the nost inportant are going to foll ow aerobic
respiration as a preferred pathway. They're going to use
oxygen. It's really usually only nitrate reduction is
observed when you get a depletion of oxygen as occurs, for
exanple, in organic-rich sedinments or sonme environnment |ike
that. So, it doesn't seemto be a significant issue beyond
what sort of |levels we're observing today. Next slide.

So now we'll look at the effect of THC processes on
seepage chem stry. Next slide.

The purpose here is | ooking specifically at

fracture fluids because they're the ones that can seep,
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potentially seep, into the drifts. The pore water chem stry
are actually only indirectly rel evant because it's not
necessarily driven out of those pores. Purpose is basically
to propagate that range of anbient pore water conpositions

t hrough the THC processes to determ ne the chem stry of
potential seepage. So, again, rather than evaporating
directly, we're processing those pore waters through the THC
system

Conceptual approach: Capture coupled effects of
sol ution-m neral -gas reaction, gas-liquid transport, and heat
transport in the nountain. And we validate it. | keep
saying we, | didn't do much of this nmyself, but this is the
royal "we." The validation is principally through the drift-
scale test, and | can show you a little bit of that again,
but al so | aboratory experinments. Next slide.

And the conceptual nodel for THC is, of course,
this is nostly the period above-boiling, but that affects to
some extent what we see |later on. You get a boiling zone
with CO evolving along with a water vapor, recondensation of
that water in the CO, above, so you get a CO depleted zone.
O course, the boiling does lead to a zone of active silica
precipitation, a certain anmount of calcite precipitation, and
very small anounts of salts are dunped out, nuch of it
actually in the pores in the matrix, the rock matrix, where

it's not readily accessible, but a certain anmobunt does get
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formed in the fractures.

The key limt, as Bo was discussing earlier, is
that you' ve got a fairly dilute fluid and your boiling front
doesn't sit there refluxing. It basically noves back out.
So, the amobunt of salt that you can dunp out there is
basically whatever is present initially in the water, which
is quite a small anpunt, mnus what's being left actually in
the rock matrix. So, the concentrations of salts are
somewhat limted. But this is a kind of conceptual nodel,
and so what we're going to do is |look specifically at the
peri od where the THC now has tracked the wetting front, or we
call it the rewetting front, as it conmes down to the drift
wal I where seepage now has a chance of occurring, and see
what ki nd of conpositions energe fromthat.

For that |'d--next slide--look at some of the
val i dation experinents. You' ve seen this one before, the
drift-scale test, which heated for four years to 200 degrees
in the drift environnent and now over two years of cool down;
a |l ot of geophysical characterization and hydrol ogi c, but
al so a certain amount of chemstry I'Il be showing. You can

see this looks like a pin cushion here. And in the next

slide, 1'lIl show you sone of the results.
So, this has been used as it's used for therm
hydrol ogi c validation, also for chem cal validation, focused

mai nly here just because the [imts of tine on the CO, but
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it shows sone aqueous chem stry. This, for exanple, shows a
nodel ing of the CO, around the drift-scale test. And we can
see actually in the orange-ish colors a depletion zone |
mentioned earlier. And then when you get out to this region
whi ch woul d- - bl ue here--correspond to the condensati on zone
is an enrichnent in the CO. So, you get this kind of trend
devel oped.

This is captured quite well in the nodeling shown
in blue here versus actual data points. This is CO versus
test duration. So, you can see a good--do a good job of
capturing the evolution of these acid gases as they nove out
fromthe boiling front. And this is partly why we were
saying in the earlier talk that of all the aspects, | think--
Eric could correct me if he disagrees with it--but | think of
all the aspects of the chem cal portion of the DST that's
been val i dated, probably the gas chem stry has been done the
best. So, when we make comments, | think, about what acid
gases are going to do, it's based at |east on sone nodeling
and sone reality as captured in this test.

I n addition, though, we do have sanples of waters
here showi ng calciumstarting at about 100 ppm and this is
primarily the results of dilution in this condensation zone
here. This was touched on a little bit by Bo as well. So,
we are getting dilution in addition to some reacti ons goi ng

on. Next sli de.
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We al so have validation in the formof |aboratory
experinments. Here is a two-part |aboratory experinent
starting with distilled water with a fixed PCO, in the
col um, punped through a tough colum of pressed-tuff to
measure effluent chem stry and try and match that effl uent
chem stry and nake sure you know what you're doing with that
part of the stage. And then the second part is, basically,
take what's conme out of that colum, put it in a reservoir,
and punp it through this fracture systemwith a tenperature
gradient from80 to 130 degrees such that you' re going to get
a sub-boiling region, a boiling region, and a super-heated
region. So, that's this fluid comng through there. This is
the kind of results you actually see. Here, a slab show ng
from80 to 120 degrees. You can see right about 100 degrees
t he appearance of this silica precipitation front as the
wat er gets boiled away and you re-precipitate these.
Anorphisilica is the major phase there. Next slide.

And that's captured pretty well in the nodeling
here. The effluent chem stry is captured in the nodeling
quite well. And, in addition, the nodeling captures in
general this propagation of the fracture ceiling nmechani sm
this dunmping out of this silica fromsolution. Next slide.

And so really all this validation was to provide
sonme basis for believing what |'mgoing to show now, which is

t he THC nodel predictions, which then provide our potenti al
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seepage conpositions. So, this is what |'mgoing to present
in ternms of conceptual understanding. In fact, it's what--
the way it's actually done in the TSPA, just to give you an
i dea what's being done there. And so what you see now -so
we' re focusing now, basically, in the crowm of the drift.

Ri ght above there is a function of tinme and how t hat

chem stry is predicted to | ook.

You see, for exanple, focusing on chloride and
fractures, that basically we pick up the variation of the
natural pore water chem stry reflecting those different water
chem stries. This would be that so-called WO water that's
nore chloride-rich. No seepage here, of course, during the
boiling phase. That's why it's blank. There would actually,
of course, be sone evolution, but that's all back up in the
rock. And then once boiling stops, we do see the rewetting
front appear. W do see a kick in the chloride
concentrations, a short-lived kick in the chloride
concentrati on.

This basically represents that rewetting front
di ssolving those salts that were dunped out in the initial
portion of the systemwhen the boiling front receded fromthe
drift. So, this is a quite short-lived front basically
because of the limtations of the anount of salt that was
actually left behind there. And then, basically, hopefully

to answer Thure Cerling' s question, we then in this case



© 00 N oo o B~ w N P

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

515

returned quite quickly to the anbient concentrations. Don't
| ook very nuch different.

You see a little bit different story with the nore
reactive constituents: cal cium bicarbonate, which of course
is inportant in ternms of this calcite divide. Generally
we're well below the divide again except for a short-1lived
peak during rewetting here and then sone gradual rebound to
t he anbi ent val ues.

Nitrate chloride in this panel here basically
showing very little affect, if at all. And these are
basi cal | y because these constituents behave |argely

conservatively in the overall system In other words, when
you get enough water to actually rewet and seep the system

you' ve already got enough water to dilute the system and

di ssolve all the halite and dissolve all the nitrate
mnerals. If you were ever down at the period where you got
just the nitrate mnerals in solution, the volune of water

woul d be so m nuscul e you'd never drive flow there.

The CO, in the fracture is show ng and, of course,
evolution that's continuous through tinme, the depleted zone
during boiling, and then the rebound once the rewetting comes
back up. So, again, these are feeds to the evaporative in-
drift chem cal nodels that we're going to | ook at now next.
Next slide.

In-drift chem cal processes. So what processes are
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important there? Tenperature difference probably is the key
one between the drift wall and the waste package because it
creates a gradient in the RH \Were seepage occurs,
basically the drift wall, RH is about 100 percent, but then
these drips nove to lower RH inside the drift environnment
driving evaporation and concentration of the seepage water.
And how that initial solution conposition along with a
tenperature and RH will determ ne the actual reaction path
that this solution follows once it starts evaporating.

It's inportant to point out that concentration of
fluids not only |l eads to sinple concentration, conservative
concentration of constituents, it eventually |eads in nost
cases to mneral precipitation and thereby depletion of
solution in conponents. So it's not very easy, for exanple,
to devel op extrenely high fluoride concentrations in a system
whi ch has a natural water that has cal cium sinply because you
supersaturate with respect to fluoride, and you start pulling
that fluoride out of solution. So, both of these processes

are going on. Next slide.

And what we're basically building into this in-
drift evaporative nodel, this is just a schematic of it. 1In
fact, it's basically EQBQ calculating all of the system

including the activity of water as a function of tenperature
and relative humdity, that is the activity of water. But

built into this is the kind of thing that's shown here, that



517

the reaction path is governed by this kind of chem cal divide
theory where you start with a dilute water and, for exanple,
a mneral precipitates. These don't all concentrate equally.
You pull these constituents out of solution.

In one case, for exanple, a carbonate less in
cal cium you could develop a sodiumcalciumbrine in this, a
chloride brine in this way. O if you' ve got carbonate in
excess of calcium generally you deplete the system of
calciumright away, and you end up with basically a sodi um
chloride systemw th nostly carbonate, excess carbonate, in
solution. But this kind of process that we call the chem cal
di vide process is captured in those geochem cal nodels, but
is done with all the mnerals that could formin the system

Next slide.

And so our approach here to evaluating the chem cal
evolution is really a two-part one. It includes experinental
investigations wth detail evaporation studies of solutions,
literature data on salt solubilities and deliquescence, and
al so het erogeneous studies of nmulti-phase salt systens. |
t hi nk both these bullets all involve new data that the Board
hasn't seen. You can correct ne if I"mwong. And conbined
with that, it's not called new data, but some of it is quite
new. W also have new nodeling that involves an updated
t hernochem cal nodel, EQQ6, that's adapted frommulti-

conponent salt-brine systens. It has a state of the art
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Pitzer database to deal with activity corrections at high
ionic strength. And we're going to be show ng at |east sone
conpari sons between the nodel and the data just to show t hat
we're on the right track, that there's some validation. Next
sl i de.

One of the--so this is the section on experinental
studies. I'Il just reviewthis, hopefully, briefly. Next
slide shows one of the apparatuses. This is basically a
series of follow on experinments to what Rosenberg had all did
a few years ago. The key difference, fromny understandi ng,
is that there's a nuch better control on the gas chem stry
over the top of the evaporating solution. This was a little
bit hazy in the earlier one. So very careful gas and RH
control along with the ability to sanple the gas chem stry.
Next slide.

And so this shows some of the results for a
sul fate-type water and a carbonate-type water. You can see
t he nodel results are the lines, whereas the data are
actually these points here. You can see nodels of a fairly
sinpl e one here, potassiumnitrate going up conservatively.
There's no precipitation even though you' ve cone up to a
concentration factor greater than 1,000. However, in the
case of sodiumchloride, you can see once we get up to this
point that the chloride and the sodiumlevel off. W

basically started precipitating sodiumchloride there,
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captured cal cium and sulfate, as well.

Magnesi um we never really get up to very high
concentrations of magnesium Basically, mllinolar |evel,
there's just tens of mllinolar, but we're picking up at
least a little bit of a decline, it looks Iike, in magnesium
here. One of these experinents was the one we nentioned that
actually they found magnesium-this nay have been later in
t he series--found magnesi um sheet silicate developing in
solution. Here's sone of the nodeling results conparing

carbonate waters. So these are new data that are neant to
corroborate, validate the validation, to corroborate the
nodel i ng that's being done here. Next slide.

Here's just a conparison of the nodel agai nst
solubility data fromthe literature. Literature being
basi cal |y Chem stry Handbook Sol ubilities here, 25 and 100
degrees, so at tenperature range, but also a very significant
concentration range. You can see about five orders of
magni tude. The nodel was able to capture those solubilities.

Quite inportantly, significantly, at 100 degrees doing quite

wel | at even high concentrations of these salts here,
clustered around there. So, the nodel is able to capture
this. Aso, I'"'mfocusing on individual salts. W can see we
capture both the solubility here and the deliquescence RH of

t he sodi um chl ori de system mnagnesium chloride as well,

captured quite well except for that mnor discrepancy right
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there. Next slide.

And the | ast experinental conponent | want to
mention is just these. 1've already presented at |east sone
results on it. And these reverse deliquescence experinents
i nvol ve reversal in environnental chanbers where the RH and
the tenperature is controlled. Reversal, basically, involves
starting wwth a solid and raising the RH and |etting water
absorb and then neasuring the chem stry. And then the
reverse, of course, evaporating, neasuring the chemstry in
both cases, nonitoring where you are in RH space. Sone of
those results are shown in the next slide.

Two of the results, a sodiumchloride-potassium
nitrate system and sodi umchl oride-sodiumnitrate. You can
see here, again, the initially solid ones are red, initially
di ssol ved are black. And the Pitzer nodel, the so-called
Yucca Mountain thermal -chem cal nodel, is the l[ines here. W
have sone di screpancy here, but we capture the eutectic point
quite well in terms of RH and the nole fraction sodium The
pot assi um you see here woul d be the deliquescence point for
sodi um chl ori de.

Simlarly in this system here, deliquescence of
sodi um chl oride here, sodiumnitrate down here. Some
di screpancy between the eutectic point, but really only a few
percent in terns of RH, and a few percent in terns of the

actual nmole fraction of nitrate. So, these are all reversed
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experinments that denonstrate we're on the right track in
terms of the thernochem cal nodel at quite high
concentrations. Next slide.

So now, that was the validation, basically, the
chem stry. Sone | want to present, sone of the key results,
internms of the in-drift chem stry analyses in the next
slide. Just to summarize in advance, the main results that
we want to pick out here, is that, first of all, calcium
chloride brines are very unlikely to formduring the bel ow
boiling period. And this, basically, because of dilution and
m neral reaction associated with THC processes, but also then

further reduction of the cal ciumconcentration by

evaporation. |I'll cone back to nore discussion of that.
Evaporation, the second point, is that evaporation
of seepage water |leads to very large decreases in fluid nmass.

This is, again, one of those points in ternms of perspective
tal king about fluxes that you have to keep in mnd. W're
not tal ki ng about big beakers of water or anything |ike that
or oceans floating up in the drift. W're tal king about
quite small anmounts of brine that develop, but I'll try and
quantify that.

And then finally, I want to look briefly at a tine-
tenperature-RH history for the drift and couple that to the
evaporative chem cal evolution. This is just one exanpl e.

In fact, this is kind of a snapshot of what's actually done
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in the TSPA. Next slide.

And so this key point: The cal ciumchloride
seepage brines are unlikely to formduring the bel owboiling
period. In fact, our analysis shows that you can form
calciumchloride to sonme extent in the above-boiling period,
but basically up in the rock and also to sone extent in the
invert where you basically do sonmething nore |ike direct
evaporation pore water. But | think a key reason that these
brines do not formin our analyses and | think in a reality,
as well, is that we need to take into account these THC
processes which are acting to reduce the calciumin the

potential seepage fluid basically due to a conbination of
di lution and m neral precipitation.

M nerals precipitating in that stage are nostly
calcite in fractures, but also a certain amount of
stellerite, zeolite in fractures. Both of those mnerals are
actual ly observed at Yucca Mountain. But sone of that is
captured, | think, the dilution especially is captured,
again, in showng this Borehole 59 result which shows that
you' re reducing cal ciumconcentration to these dilution
effects that | think Bo was touching on previously. That, of

course, becones the potential seepage water.

We get further decrease in calciumand solution due
to mneral precipitation. In the drift, especially, the key
pl ayers that we see are calcite and fluorite evaporation.
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Basically, it drops the calciumout to nothing. So, from our
anal yses is that these seepage brines, despite the appearance
of some of these chem cal divide plots, is that they actually
don't form It's alittle bit msleading. And | think it
has to do with the fact that those generally consider direct
evaporation of pore water, whereas the THC is inportant in
nodi fyi ng some of these concentrations. Next slide.

And the second point | want to make is basically
t hat evaporation vastly reduces the fluid mass. Perhaps
that's self-evident, but | think it's still useful to get
sonme perspective here. |If you focus now back up in the drift
wal |, we've got potential seepage water, quite dilute,
mllinolar level. 1It's at a 100 percent RH If this just
cane in, there' d be no problem it's benign, it's dilute, but
obviously it's going to concentrate. But you need to keep in
m nd what happens to those potential seepage fluxes. For
exanpl e, here during the nonsoon and glacial transition
period, the seepage flux would actually be 1400 and 3100
times respectively the width of this bar graph, which then
shows flux and kil ogranms per year per waste package. So,
it's sonewhere in the 10 to 30 kil ogram per year that m ght

actually be sitting up above you.

If we were to focus, for exanple, now on this
period, the potential seepage flux, it's still a |ow
probability because of capillary barrier. W're talking
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basically about one to two kilogranms of water in the rock
that m ght seep on us. That's sonmething on the order of this
vol une of water that's sitting up there in the drift that has
a potential to seep over one waste package over the span of a
year. However, if you start |ooking at the vol une of
evaporated brine that can devel op, you need basically a
medi ci ne dropper to represent the anount that could contact

t hat waste package over the space of a year. And that's
basically what's shown here.

Once we get down to this level of evaporation, in
terms of the RH, which is going to be the conditions in the
drift, that's what's driving it, we're going to get, at the
nost, seepage fluxes on the order of tens of mlliliters per
year develop there. So, we're tal king about very snal
anounts of water that actually have the potential to
accunul ate there. And | think in the next slide that's
reinforced with | ooking at actually what this evaporation
does to the fluid flux through tine.

Here the procedure is basically to calculate the
evaporative fluid mass reduction using the actual waste
package history through tinme. And what we see then is that
the RHreally is the dom nant control. O course, there's
sonme tenperature. But it's really the RH that determ nes the
extent of evaporation. And so here's a typical waste package

through tine. What you' d see is that those seepage fl uxes,
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if we--fluids, if we follow themthrough tine, those are
shown t hrough--shown here.

This is basically what Bo showed earlier, the nean
seepage flux starts quite |low at about two kil ograns per
year. This is just what could seep again. It doesn't nean
that we're going to get--all the packages are going to see
that. And then we get the nonsoonal and then the gl acial
transition. That translates basically to an evaporated brine
flux that's three to four orders of magnitude smaller
somewhere around, as | say, mlliliter to tens of mlliliters
flux rate accumul ation potentially on the waste package. One

to a hundred grams of brine, basically, per year per waste

package.

So, | was trying to make the point is that--well,
"1l make that better, | think, in the next slide--is that
when you follow out this tinme-tenperature-RH history, and

here's where we're going to try and wap it all together, and
| ook at the RH evolution. O course, that corresponds to a

seepage evol ution and al so an evaporative brine flux, but

very small. So you do get obviously concentration of those
seepage fluids here in the seepage conpositions. |'d say 650
years, you've got chloride and nitrate in the mllinolar

level, quite dilute. You could drink this stuff with the
nitrate chloride ratio of sonething |ike that.

You do get brine conpositions then or, basically,
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much hi gher chloride at or close to saturation with halite
and nitrate sonewhat bel ow saturation of any of the nitrate
phases. W do get sone inprovenent in the nitrate/chloride
rati os due to the fact that a certain anount of chloride
actually precipitates out. So this kind of tries to couple
the tine evolution together. You can see that there's
peri ods where the waste package potentially can see high
chloride/nitrate ratios, nostly sodiumchloride is going to
be--but that's associated with very, very small anounts of
fluid actually collected on the waste packages. Next slide.
And so to try and wap it up, this is that slide we
showed earlier. Basically here now we're focusing on this
period starting with that yellow triangle and on up to say
wher ever corrosion of the waste package becones
insignificant, but basically considering this part of the
trajectory. So, we are spending nost of that tinme in the
regi on where we're not getting a thernodynam c control on the
nitrate/chloride ratios. |In other words, those brines, if
seepage brines do make it through, are going to basically
reflect the anbient nitrate/chloride ratios in the anbient
system And a few packages, like the hotter ones, wll still
see sone thernmodynami c control, but nost of themw | not.
This is kind of the field that we end up in during
this bel owboiling period. Eventually we get a high enough

RH the sulfate mnerals becone soluble, and sul fate becones
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anot her potential inhibiting anion. Next slide.

And so in conclusion, although the evolution of the
seepage water chem stry is conplex, there's no question about
that, DCE has devel oped a scientifically defensible,

i nt egrated approach that couples the chem stry to the time-
tenperature-RH history of the drifts. This approach
considers both the natural variability of pore water

chem stry, capturing the range observed in the repository
hori zons, but also nodifications to the pore and fracture
water chem stry as a result of the THC processes. And then
finally links that to the evaporative concentration resulting
m neral precipitation where seepage actually occurs. And
this approach then is inplenmented through a conbination of

experimentation and nodeling. Next slide. This should be

the last, | believe.
Conclusions is that the seepage will not result in
cal cium chloride brines during the bel ow boiling period

because of the precipitation of calciummneral phases both
during the THC stage in the rock, in other words, and in the
drift. In hotter waste packages during the bel ow boiling
period, thernmodynamic controls do result in a favorable
nitrate/chloride ratio for those hot packages, but nost wll
not really see much of an inprovenent in those ratios.
Evaporated brine fluxes are on the order of 1 to

100 mlIliliters per waste package per year as a maxi num
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again assumng that the capillary barrier was not operating.
And, in fact, that |eads nme again--we've gone down this |ong
road, | want to nmake this comment one last tine. |In the
expected case where very little seepage on waste packages
occurs due to the effectiveness of drip shields and the
capillary barrier, the foregoing discussion on seepage
chem stry, is irrelevant. And this is, | think, where the
drip shield comes back in and potentially is inportant in
shi el ding the waste package from sone of these solutions.
Thank you.

LATANI SION:  Carl, thank you very nmuch. You're right on

time. We have about a 20-m nute period for questions. Let

me actual ly begin.

Now, this is Latanision, Board. Can we turn to
nunber 36? Carl, in your conversation you describe the
nitrate-to-chloride ratio as being favorable, and | think in

your concluding statenment, comrent is nmade as a favorable
ratio. But is the issue of it being a favorable ratio based
on sonething other than the tests that were done in
magnesi um chl ori de salts? How do we know it's favorable

under these conditions?

STEEFEL: Yeah, | should nake a few points. One is, |
don't know if that was the right choice of word. It was
mainly to say that they, at least in this slide, that the

nitrate/chloride ratio had inproved a bit relative to what's
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observed in, say, the seepage water which is going to refl ect
anbient. So, in certain cases because of the precipitation
of halite, you get an inprovenent in that. M understandi ng
that, overall, the issue of nitrate/chloride ratios has been
eval uated in the whol e series of experinents involving
different corrosion tests, but that's going to be what Joe is
going to tal k about in the next--the next talk.
LATANI SI ON: Lat ani si on, Board.
Are we on? |'m-you know, | agree. |'m prepared
to wait for Joe's comments, but this is an issue in ny mnd
My recollection is that the data that showed the inhibiting
effect of nitrates was based on either magnesi um or cal ci um
chloride brines. And | don't know that there's data that
shows the--maybe I"'mincorrect. Geg |ooks Iike he wants to
make a conment .
GDOWBKI :  Greg CGdowski, Law ence Livernore
Joe Payer will actually show sonme corrosion studies
t hat were done in sodium and potassi um contai ni ng sol utions
of chloride and nitrate.
LATANI SI ON: Ckay, these nust be nore recent tests; is
t hat correct?
GDOWNBKI: Wthin the | ast year, yeah.
LATANI SION:  Okay. Then I'Ill reserve ny question until
we get to that point. Thank you.

Any ot her questions? Dan Bullen.
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CERLING  Cerling, Board.

Could we go to slide 11?7 Wat |' m wondering about
in this figure here, that one of the key issues in the
chem cal divide concept has to do with anions down--the anion
triangle down there in the lower right. And | was just
wondering, in the mddle non-lith, the purple zone, there
seens to be two sorts of chem stries that seemto fall out of
that zone; the red dots and the green dots all seemto have a
pretty uniformconposition. Could you or sonebody in the
Project explain to ne why there are two, sort of, clusters of
the purple dots?

STEEFEL: Probably the best one to answer that woul d be
Eric. | don't know -
SONNENTHAL: Eric Sonnent hal, Law ence Berkel ey Lab.

| can probably answer part of that. Maybe Zel
Pet erman can add nore because they collected the data.

The first set of water HD perm which was in the
upper group collected several years ago, we don't really know
if there really are two groups of waters. | don't knowif we
have enough data to say that the m ddl e non- doesn't span
into that other regine. So, I'mnot sure if--1 nean,
obviously, it does |look |like there are two, but there are
also differences in spatial. There's spatial differences,
which also result in different depths to the surface and

different infiltration rates. W know that the sanple
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collected at HD permis in the eastern part of the
repository, right at the edge, where infiltration rates are
ower than in the western part under the--in the main part of
t he repository.

CERLING | guess. And then I'd actually |like you to
comment on your backup slides if you coul d?

STEEFEL: Ckay, which--which one is that?

CERLING  Cerling, Board.

Starting with 41, the--your backup slides has sone
di scussions of flow separation which certainly Catholic
Uni versity has brought up before.

STEEFEL: W took these out of here. Yeah, the issue
here was we figured we wouldn't focus on this in the main
tal k just because of lack of tine, so | put themin the
backup, but the issue there is that it m ght have a good--
probably shoul d have a good conceptual diagram-but that in
the | ast stages of evaporation because the nitrate mnerals
are nore soluble than the chloride mnerals, if you've
actually got flow on sonme surface devel oped, in principle,
you could then | eave behind the chloride-rich mnerals as the
solution continues to nove down whatever surface is involved
there, and that you' d basically get a separation of your
nitrate and chloride in solution.

Then you woul d basically | eave behind chloride

m neral s which would now at this | ow RH, such that--you have
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to have a low RH or you wouldn't evaporate it to that extent
--you' d basically have a non-deliquescent chloride m neral
with the nitrate noving on. Perhaps later, as the RH clinbs
up, you'd then get deliquescence of a nore chloride-rich
solution there. So this, actually, this process is
incorporated into the TSPA, that to sonme extent it is going
to occur, sone flow separation will occur.

The major argunent, | think, against it is sinply,
again, you have to keep in mnd the fluid volunmes here that
this separation of nitrate and chloride, and | showed that in
one of the validation slides, basically occurs at
concentration factors well over 1,000. So, you're talking
about fairly small amounts of seepage that cone in and then
dry out. The question is, do you have enough volune there to
mai ntain actually a drip that can now continue to propagate
down a surface, given that the surface presumably has sone
nat ural roughness, capillarity, whatever, that's going to
tend to keep that noisture there.

So, I'"'mnot sure we can nmake an ironclad statenent.

In fact, that statenent isn't nmade. It is incorporated in
TSPA, but | think there's a--1 don't think it is areally
significant effect unless seepage was much greater anounts
than is presently observed. Again, because you're cutting
t hose seepage fluxes by a factor of 1,000 to 10,000, you

don't have the hydrologic driving force to continue to
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propagate that drift.

LATANI SI ON: Dan Bul | en.

BULLEN:. Bul |l en, Board.

Could we put figure 20 on this slide and figure 37
on that slide? One of the--yeah, perfect.
| had a question basically with respect to timng.

As | look at figure 37 over here, | see the sort of |ight
bl ue region where the nitrate-to-chloride ratio is |less than
.5 possible as being an area that we'd kind of like to avoid.
And I"'mtrying to get a handle on the tinme frane in which
we're going to be in that regine. And so when | go to figure
20 and | take a ook at the tinme steps for the concentrations
that you see for potential seepage conpositions, | see that
there's sort of an instantaneous, as | go out of the boiling
regi ne, you know, kind of one tine-step that |I'maway from
it, but howlong in actuality would I be within the region
where | don't want to be, which is the nitrate-to-chloride
ratio of less than .57

STEEFEL: | don't know if--1 don't knowif this is the
best one to conpare that. Those represent different waste
packages with tenperature-RH histories. But, basically,
you' re asking what period of tinme you' d be in the
nitrate/chloride ratio | ess than .5?

BULLEN: Exactly. Those--

STEEFEL: You wouldn't necessarily be less than .5. It
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j ust neans you get back out your anbient pore water
conpositions. It just neans there's no thernodynamc
control. So, basically, |I think the best one to ook at is
over there in this slide on this side. Basically, in this
case, fromabout 700, a little bit before--well, the boiling
period starts--ends at about 750 years, so you'd be there up
to--1"ve forgotten. Actually, we should | ook at the other
slide. Could we go to slide 4 or 5 over here? That's the
one that maps to this scenario nost closely. | think it's in
5 or 6. Next one. There we go.

That woul d correspond to a period, basically, al
the way up to where you hit 80 percent RH. This is where the
sulfate mnerals kick in. It doesn't really nodify the
nitrate chloride. Qherwise, it would be over the entire
period, below boiling period, until waste packages dropped
bel ow 90 or whatever best figure there is for where corrosion
is insignificant. So, nost of the belowboiling period is
going to be spent in this period, in this area, where you're
basically not getting thernodynam c control on those ratios
except for those hotter waste packages. And, again, this is
all bundled into TSPA. In other words, TSPA sanples this
entire distribution.

BULLEN: Bul |l en, Board.
So, just to follow up, | guess figure 7 is a better

representation, but as | look at that, it's what? Maybe 700
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or 800 years?
STEEFEL: Ri ght - -
BULLEN: And the cooling tinme that--
STEEFEL: --1 believe so. The 750 to about 1500, yeah.
BULLEN: Ckay, thank you.
DI ODATO Diodato, Staff. Diodato, Staff. AmI| on?
kay.

Yeah, Slide 35 is of interest to nme. This is maybe
just a small point, but |ooking at the nmean seepage fl ux
nunber you have there, | nean, the nean is good to have a
handl e on, but with 10,000 or 11,000 waste packages, it's

al so nice to have an idea of the range, the variance on that,
about that nmean because | suspect that sanple data set is

dom nated by zeros for the nost part. So, what you'd really
like to know is, you know, what are the maxi num and how many

wast e packages are exposed to these higher seepage fl uxes?

So, | don't know if you have a handle on that or--
STEEFEL: |I'mnot sure |I'mthe best person, but actually
nmy understanding of it was that this is not the actual nunber

of packages that are going to see that seepage. There's a
much smal | er percentage of packages that can actually see

t hat nmean seepage flux. And within any one period, it's
somewhere, | think, in this period on the order of, say, five
percent. Then it goes up to 15, and | don't think it ever

gets to 30. So, that's the overall nmean seepage flux that
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any one package mght see if the capillary barrier failed.

So, the nunber that actually see that is
considerably less than that. But you're right. Basically,
there's a significant distribution there. W just tried to
pull that out, you know, nostly for a sort of al nost
pedagogi cal purposes to make this kind of argunment. But
there is a significant range and, in fact, again, that's the
kind of thing that would be sanpled in the TSPA

DI ODATO  Thank you.

STEEFEL: But if that was incorrect, | think Bo can cone
up and correct me. But I'mpretty sure that this doesn't
mean that all those waste packages are going to see it. You
apply then an additional factor related to the capillary
barrier which reduces that by a significant anount of
sonmething like 5 to 10 percent.

DI ODATO  Well, if you redistribute the mass flux to a
smal | er nunber of packages, then that particular flux for a
parti cul ar package should be | arger; right?

STEEFEL: Not necessarily because a lot of it just goes
past and sheds off the system So, that's the flux that it
woul d see if--this is ny understanding--the flux that it
woul d see if the capillary barrier didn't work, but otherw se
somewhere else. You're not just diverting that and getting a
| arger mass of water on those that seep. You're getting sone

of your waters diverting around those packages.
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DI ODATO  Thanks for your expl anati on.

LATANI SION: Do we have any questions fromthe audi ence?

SHETTEL: Don Shettel fromthe State of Nevada.

Can we have slide--Slide 26? This experinent |ooks
i ke a closed-system experinent. Did you have a stir in the
botton? Is that correct?

STEEFEL: | believe it is because you' ve got a
condenser, at least. Geg is the one who worked nostly on
t hat .

GDOWBKI :  Yes, Greg Gdowski, Livernore.

No, it's actually a flowthrough system There's a
constant streamof air flow ng over the top of the fluid.

SHETTEL: [I'mnot referring to the gas system |I'm
referring to the liquid system

GDOWBKI : We've run them both ways. W' ve run tests
where we keep the water-level constant. And also we've run a
test where we evaporate down the water. So, both--both cases
have been run.

SHETTEL: Yes, but what I'mreferring to, there are two
ways to nodel in geochemstry. One is a closed system where
you allow all the mneral precipitates to remain in
equilibriumw th the solution. And the other one is where
you renove the mneral systemso it's essentially a flow
t hrough system

GDOWNBKI:  It's a closed systemin that sense, yes.
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SHETTEL: Okay, is that the nost conservative approach?
O woul d an open system be a nore conservative approach?

GDOWBKI @ It depends what you're trying to understand.
The point of these--

SHETTEL: Well, this--

GDOWBKI :  The point of these experiments was to validate
the EQB/6 nodel and to understand the initial chem cal divide
theory as it applies to these waters.

SHETTEL: Yeah, but EQ@3/6 can be run both ways.

STEEFEL: Well, the issue, | think, was that it's nmeant
to capture al so one case where you basically drip a snal

anount of water on a waste package and then it sits there.

So, there is one end-nmenber case. Wether you call it
conservative or not, | don't know, but it certainly realistic
where you can actually have a cl osed system devel oped on the

wast e package. As | discussed with the fl ow separation
there's certain scenarios where it mght run off actually.

GDOWSKI :  Exactly.

SHETTEL: Well, I'"mnot calling it conservative--

STEEFEL: Now, one point to be nmade is that if you're
tal king about in the rock, actually that's a full reactive
transport cal culation. Those salts get |eft behind when the
fluid noves and this and that. So, it's really only an issue
on the waste package. And, you're right, this is an

experinment that's the closest and the--
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SHETTEL: Well, sone of the salts could precipitate in
the rock and before it hits the waste package. And--

STEEFEL: And that's captured in the nodel as a
transport and fl ow phenonenon.

SHETTEL: Well, you show on one of these diagrans that
the salt totally concentrates in the rock before it hits the
wast e package, | believe. |1'mnot sure which slide it is.

STEEFEL: | don't know if |'d use that wording, but |'lI
reword it. The way | said it is there's a small anmount of
salt precipitated out of a very dilute water as the boiling
front recedes. And so, obviously, as that boiling front
col | apses back down, rewetting occurs. Witer is going to
start going into those fractures and seeing that anount of
salt that's been left there. And so, yes, there is going to
be some re-dissolution of the small anpbunt of salts in the
original pore waters. But what we were contesting originally
was this business of refl uxing.

Go ahead, if that was--is that your question?

SHETTEL: No. M question is, | nean, you can evaporate
the water in the rock partially or you can evaporate it on
the canister. |[If you evaporate it on the canister, you can
have--you don't need such small volunes to hit the canister

The water--since it's a curved surface, it's not very likely
that the water stays in one spot. As it evaporates, it's

going to run down the curved surface.
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STEEFEL: No, but nmy--this is--my point was is that

this--if--are you tal king about chloride/nitrate separation?
The issue of chloride/nitrate separation, if that's

what you're tal king about, only occurs in the very |ast
stages of evaporation. So, even if your original seepage
flux is a good quantity of water like this, this container
here, you're really only going to get that separation kicking
in when you concentrate it a thousand tinmes. Now, you could
have the rest of that scenario, it's true, develop, like
| eaving calcite behind. You could |eave calcite and other
t hi ngs behi nd, but that--

SHETTEL: Ckay, so--

STEEFEL: The chloride/nitrate separation is only in,
you know, when your brine fluxes are smaller.

SHETTEL: Are you saying that if you separate the
chloride and the nitrate that that is a good thing for

corrosi on?

STEEFEL: No, | didn't say that. | didn't say that.
said that I--it could potentially--

SHETTEL: You said it could occur, yes.

STEEFEL: Yeah, | said it could occur. And then, in
fact, it could be potentially deleterious because the nitrate

t hen noves on, |eaves a chloride salt behind initially.
That's going to dry out because it--if it was--the reason

it's left behind is because it precipitated. But then as the
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RH clinbs back up, that could then deliquesce, and you could
get a nore chloride-rich solution. That's deleterious, yes.
That' s- -

SHETTEL: Does that separated nitrate solution have any
affect on corrosion?

STEEFEL: Joe may have sone experinents on that.
don't think so. Chloride, | think, is the major issue that's
of concern there.

This, in fact, this experinment is quite simlar
to--except for the control of the PCO--is actually simlar
to the Rosenberg experinment | was talking to G eg Gdowski--in
fact, that issue we brought up before about tachyhydrite,
that evaporation is basically occurring in the space of about
a day. So, it's a very rapid evaporation. The question--you
know, the problemis that when you're tal ki ng about magnesi um
and how that reacts with silica, that does take |onger
periods of tinme, generally nore than a day. Silicate rates
are known to be sl ower.

But, again, we're back to that question: \Wat's
the relevant tinme period? | would say it's--the tinme period
is where you have a chance to generate in corrosion. In
other words, if within two weeks you can react that magnesi um
with a silica in that |ocal environnent, then that's still
good enough. That's pulling the magnesi um out of the system

out of solution. | guess | should have--
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SHETTEL: Well, that depends where things precipitate
and how sol utions flow whether you pull the magnesi um out or
not. |If you have a flowthrough system it's less |ikely.
Usual |y what we see in experinents is the silica precipitates
out; therefore, there's not much left to pull in magnesium or
pul | out nmagnesi um

Wth regards to tachyhydrite, | believe you said
before that m ght be an unstabl e-type phase or sonet hing.

STEEFEL: That's what |'m arguing, basically.

SHETTEL: Well, | think the very fact that it has a nane
and is a mneral neans that it does have sone stability and
is found in nature somewhere. So, | don't think you could

say that it's exactly an unstabl e phase.

STEEFEL: Well, | think you could say it. It is--it's
an unstabl e phase. | nmean, the sane argunent about
antarcticite. Wen you' re tal king about, you know, people

di scover new mnerals, they want to publish themin the
journals, but that doesn't nean they have any w despread
t hermodynam c stability. Certainly, tachyhydrite is not a
st abl e phase.

SHETTEL: Well, there--well, | would disagree with that.

It's found in nature, so therefore it nust be--have sone

stability in a certain environment.

STEEFEL: Plus we find it in our experinments as well.

LATANI SION: Al right, any other questions fromthe
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fl oor?

(No audi bl e response.)

LATANI SION: | just want, before you finish, Carl, |
want --there was a question that | wanted to ask this norning
that | didn't have an opportunity to ask given the timng.
And we do have five nore mnutes in terns of my schedul e
here. So, I'd like to return to your figure 18 fromthis
nor ni ng.

(Pause.)

LATANI SION:  Yeah. W had a di scussion about this at
lunch, and then I--1 don't think any of the Board nenbers
that | spoke with understood the reason why we were not
seeing nitrate, but were seeing amonia in this x-ray
anal ysis. Now, | understand you did analyze the water
chem stry and you found nitrates, but could you just restate

or conment again on the appearance of amoni a? The anmoni um

article.

STEEFEL: Yeah, maybe Zell can give the best answer. |
did talk to himabout this, as well, and there is ammmoni a
di ssolved in the actual |eachate that showed up. So, it

makes sense that sonme of it reappeared there. But, as |
understood it, there was nitrate in the solution, as well.
So what happened to it is not clear.

PETERVAN:.  Yeah, Zell Peterman, USGS

That is correct, Carl. As you said earlier, we
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don't understand why we're not getting nitrates here.

suspect the detection limt, you know, is several percent,
maybe 5 to 10 percent. |If it's less than that, we probably
woul dn't see it on this. |It's a pretty routine XRD work. W
were surprised by the ammonia salts. W hadn't anal yzed the
| eachates for ammonia. Wen we got these, we went back to
the raw sanples, |eached them again, and did amonia. And,
in fact, they do have ammonia. That sanple one, as | recall,
has about 60 mlligranms per liter ammonia. So, that's kind
of interesting. | don't know where it cones from Maybe
it's comng fromthe underground use of dynamte or sonething
l'i ke that.

The ot hers had nuch smaller anounts by an order of
magni tude, a fewmlligrans per liter. That's about all we
know at the present tinme. This was a pretty sinple
experinment. The evaporation was sub-boiling evaporation. It
was done in a beaker with a heat lanp. W didn't necessarily
control the tenperature, but it's certainly Iess than 100.
woul d guess, you know, 50 to 70 degrees, sonething like that.

So, you know, this is all--all this has all happened in the
last two or three weeks. So we've got a ways to go yet.
STEEFEL: Yeah, this is definitely recent data.
LATANI SION:  Well, let nme ask the obvious question. Are
you confident that nitrates are present?

PETERVAN. Ch, yes. We--
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LATANI SION:  You're absolutely certain about that?

PETERVAN: Absolutely certain

LATANI SION: | nean, this doesn't--okay.

PETERVAN: 100 percent certain that there are nitrates
present at about the level given in Carl's nean val ue there
on that one chart. | forget what it was, 10, 15 mlligrans
per--or equivalence, mlli-equival ence.

LATANI SI ON: Thank you.

PETERVAN. So, we were surprised to see the amoni a
salts, but there seens to be amonia there al so.

SONNENTHAL: | can add- -

LATANI SI ON: Thank you.

SONNENTHAL:  Eric Sonnent hal - -

LATANI SION:  Go ahead, Eric.

SONNENTHAL:  --Law ence Berkel ey Lab.

There's sone other data we haven't shown yet, and
that's on the nitrogen and oxygen isotopes of sone |eachates
fromthe dust fromthe tunnel. And they show that sone of
themare nitrate derived fromtypical pore waters in the
rock. And sonme are also derived from other sources, possibly
in-tunnel things that--and one of them at |east one of them
showed some anmoni a-derived nitrate.

LATANI SION:  Thank you. W're ready to nove on and |
woul d i ke now to call on Professor Joe Payer. He is

somewhere in the room | suspect. He is. It will take us a
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mnute to get the panel readjusted.

(Pause.)

PAYER: Al right, thank you, Ron, the Menbers of the
Boar d.

| have the privilege and opportunity to make this
presentation on Corrosion Resistance of Alloy 22. There's
sonme fol ks over here that are nuch nore involved in the day-
to-day testing and a | ot of the analyses that's been done
here. Up on the panel up here is Dave Shoesmth, who's a
prof essor at Western Ontario? Southwestern Ontario? Sout h--
just Western Ontario. He has done a |ot of corrosion
testing, corrosion nodeling, and has al so worked closely with
the Project on several of these topics we're going to talk
about .

Next to himis Pasu Pasupathi. Pasu has about 30
years, alnost 30 years, of experience in materials
performance and testing and eval uation in nuclear systens,
nucl ear reactions.

Next to Pasu is Tamry Sunmers, and Tanmy is a
manager of the corrosion testing activities at Law ence
Li vernore Lab. She's been primarily the--she's one of the
principals in the issues of netallurgy and material s aging
i ssues, that type of thing.

Next to Tammy is Raul Rebak. Raul, from Argenti na,

had sone industrial experience down there, canme to the
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states, did a Ph.D. at Ohio State, then worked in industry
doing material selection for chem cal process plants and

ot her opportunities of that sort, and then joined the
Livernore team here in the area of materials testing and

eval uations, that type of thing. Raul's been one of the
driving forces behind the different nethods to neasure

| ocal i zed corrosion, conparing and anal yzing, and just seeing
what all those tests nean.

Greg Gdowski's getting a little bit of a break.
He's rejoined the audi ence out there, but G eg has been very
involved in the evolution of environnents on waste packages.

And then these people are represented by a | arger nunber of
fol ks behind. Next slide.

And this just lists sonme of that. In the evolution
environnment area, Geg's been assisted significantly by Susan
Carroll and Tom Wl ery, who was on the prior panel. In the
corrosion testing/analysis area, Tammy and Raul are
represented here. Back getting nore data, | guess, are
Gabriel and--sorry, Gabriel and Lian, and Chris Ornme. 1In the
materials testing area, Bechtel SAIC, Pasupathi heads that

area up, and he's had significant assistance by Gerry Cordon.

Next slide. Well, | guess the next slide is shown on both
si des now.
This is an outline of talk we want to spend a
l[ittle bit of tine here tal king about, docunenting, and
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rem ndi ng you fol ks of the high corrosion resistance of Alloy
22 in a lot of different environnents. The talk about Yucca
Mount ai n, we've heard a | ot about it today, but what I'd |ike
to dois put it in perspective of what is it, what are the
features and attributes of Yucca Muwuntain that are
significant and inportant froma corrosi on perspective?

We'l|l talk about the corrosion rate of passive
metals, which is a very significant issue. |If passive netals
remai n passive, their corrosion rates are extrenely low. The
i ssue then becones, will they remain passive? And that
brings us into tal king about some corrosion conditions,
corrosi on background, and corrosion conditions at key tinme
periods. Carl showed you sone of that, the folks fromthe
Center, NRC showed you sone of their ways of breaking up the
time periods. W'Il focus on |ocalized corrosion because
that remai ns the biggest issue, | think, the biggest threat
and the biggest issue to determning the life of waste

packages. There are going to be the | ocalized corrosion

processes.

And we'll finish that up tal king about this Period
IV that after the cool--after the thernmal barrier and while
t he package is higher than tenperatures, the corrosion can

still exist. So, that's the road map. | think we'll |eave
the road map up on that side, and hopefully that will help

you follow al ong where we're at. Next slide.
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Alloy 22 is an extremely corrosion resistant
material. 1In any corrosion application, the corrosion that
we observe is a conbination of the corrosion resistance of
the material and the corrosivity of the environment that that
material is exposed to. There are environnents that wll
attack any material. So, there's no material we have that's
immune to all environnmental conditions one could inmagine.

The challenge is and the trick is, town, isto
mat ch up a material with proper corrosion resistance in

realistic environments. Alloy 22 and titaniumfor waste
packages and drip shields are highly corrosion resistant
mat erial in oxidizing environnents such as Yucca Munt ai n.
We' ve nmentioned before, it's been nmentioned several
times today, the anmbient conditions at Yucca Mountain are
beni gn. These are dilute waters. They tend to be mldly
al kaline waters. But even the non-al kaline waters in the
dilute formare benign and noncorrosive, basically. However,
as we've heard from Carl and others, these waters can becone
hi ghly concentrated when they' re exposed to high tenperatures
and we evaporate, or in the very early stages of
del i quescence, and so that's where the focus is.
The issue is to determne a corrosion resistance of
Alloy 22 when it's exposed to these realistic environnents.
Next sli de.

Alloy 22 really belongs to a famly of corrosion
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resi stance alloys that are of the form nickel -chrone-

nmol ybdenum are the primary alloying constituents. And the
ni ckel - chrone-nol ybdenum and in Alloy 22, there's sonme snal
anounts of tungsten that are added, work in a synergy to
provi de corrosion protection over a w de range of
environnments. These all oys depend upon the formation and the
tenacity of a very thin oxide film chrom um oxide type of a
film on the surface for their corrosion resistance. W
refer to that as a passive corrosion layer. It forns

spont aneously and it's quite tenaci ous.

There's a |lot of |arge equi pnent that's been nade
of Alloy 22. One of its attractions, it's a very tough
material. 1t has significant elongation when you try to
deformit. It has significant toughness if it's inpacted.

It doesn't crack and break like a glass plate would. You can
formit. You can weld it. You can fabricate it. Al these
things are inportant issues when you' re selecting materi al

for an inportant engineering application. It can be

fabricated in several large structures and conponents. And

"1l show you sone exanples of that in the next slide. Well,
no, | won't.

"Il talk to you about some of the corrosion
resi stance now. These are |aboratory tests that are

typically done to provide material selection people with a

ranki ng of materials in various aggressive environnments. The
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particular data here is for an environnent that's
affectionately called "G een Death" because it's extrenely
aggressive. It's a concentrated sulfuric acid, hydrochloric
acid, highly oxidizing by the addition of ferric and chloride
ion, and it's a solution that alloy producers will typically
run their materials through so they get a relative ranking.

Two things plotted here. The corrosion rate, |ow
is good. And the critical pitting potential, high is good.
And what we're show ng here is a series of alloys. This is
316-Stainless Steel, Aloy 600, and then down over here are
the alloys of the Alloy 22 class of famlies, and Alloy 22 is
this particular one. |It's down where the corrosion rates
here are not neasurable on the scale. W' ve heard sone about
Al'l oy 600 and pressurized water reactors, so just call it out
here that there's a significant difference in the corrosion
resi stance of these two alloys. W're not tal king about the
same class of resistance at all.

The critical pitting tenperature is neasured in the
| aboratory as the tenperature bel ow which pitting will not
occur. So, if you're below that tenperature in this
particul ar environnent, pitting corrosion is not an issue.
And so high is good here. And Alloy 22, here again, is this
alloy. [It's at 120 degrees or higher, the solution breaks
down at 120 degrees. So, the pitting corrosion potential of

Alloy 22 in this environnent is greater than 120 degrees.
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These are highly acidic, highly oxidizing environments. Next
sl i de.

This is just a couple slides to show that |arge
engi neering structures have been made and function well out
of Alloy 22. Here's a fellow standi ng next to a conponent
out of a pulp and paper bleach plant. This was made back in
the late '80s of Alloy 22. There's a lot of welds in this
structure. There's a lot of formng in this structure.

It's been exposed to oxidizing chlorine dioxide, highly
oxi di zing chloride containing environnents, and it's
performed very well. The alloy has been used in incinerators
and ot her conditions where you can get condensation and dry,
wet and dry, and so forth. Next slide.

We think one of the very rel evant pieces of
experience, in addition to being a very large structure, this
is a flue gas desul furizer. Flue gas scrubbers are the units
that are on fossil-fired power plants. After the coal is
burned or the oil is burned, there can be sul fur conpounds
and nitrogen conpounds in the gases. Before those are
rel eased to the atnosphere, the power conpanies, if they're
good citizens, run through a scrubber--and nost of them are--
run through a scrubber and it's a counterflow. The corrosive
gases are com ng up through the scrubber. Water sol utions
are coming dowmn. And so you're |eaching out or pulling out

of the air solution the sulfur containing gases and the
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ni trogen containi ng gases.

Coal has a lot of sulfur and chloride init. The
tenperatures in this unit are from80 to 130 Centi grade.
Concentrated chlorides and Alloy 22 has provided adm rabl e
service in this environnent over a |arge nunber of years.

So, large structures, |arge high-corrosion resistance, can be
obtained with these alloys. Next slide.

Let's revisit Yucca Mountain froma corrosion
perspective. Sone of these slides are famliar, but |I'd just
i ke point out a fewthings. W're talking about a
repository that's under some 300 neters of rock fromthe
surface. Another 300 neters or so down to the water table.
The alloys sit up in air at atnospheric pressure. The
relative humdity, depending upon the tine/tenperature, can
range fromvery |ow values up to saturation. The anbient
waters in the nmountain are dilute; however, those anbient
wat ers can be nodified and beconme concentrated by the therma
hydr ol ogi cal chem cal processes that we've heard about
earlier today and yesterday. Next slide.

There's sone interesting features here. Conpared
to al nost any ot her engineering application that |I'm aware
of, this is one long, slowcycle. There's no start up and
shut down. There's no--it's a very slow heat-up, years, and
then a very slow cool -down, thousands, tens of hundreds of

years, thousands of years.
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The waste packages sit up in air. They're
supported by pallets. There's no feasible |ikelihood that
they're ever going to be fully inmrersed in an environnent, in
a solution of water. That's a big difference. There's no
rapid heat--there's |ow heat fluxes. It is a hot surface,
but the heat fluxes are low. There's a slow heating and
cooling and rel atively nodest thermal gradients. You' ve seen
this behavior. This is a typical package plotting
tenperature and relative humdity and what we're showing is
over a time on a log scale. This is 10 years, 100 years,

1, 000, 10,000, and so forth out to very long tine periods.

When the repository is closed after 50 years,
there's a heat-up and then a very long, slow cool-down. On
this plot, we're show ng both the tenperature of the waste
package and the tenperature of the drift wall. There's a
mat ching drop in relative humdity as a heat-up period, and
then it cones back very slowy, as well. There's alimted
anount of water noving through the rock, and there's a
[imted anbunt of salts and minerals available to the
packages. Next slide.

We've talked quite a bit about rel evance of
corrosion test nmethods. This is just to reiterate that
point. Wthin the drifts, the waste package drip shield,
there are natural convection currents both in this dinension

and al so al ong the waste package, so there is air novenent in
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here. The thernogravinetric analysis experinent that's been
run at Livernmore is run in this sort of matter. |[It's an open
system air circulation, controlled tenperature, controlled
relative humdity, and you can follow a process through that,
as opposed to a distillation and refl ux condenser where the
materials are boiled and captured and then can be carried
over into another experinment.

A cl osed system refluxing, 100 percent relative
hum dity, we believe this is nmuch nore representative and
rel evant to these conditions. This is interesting to create
sol utions and some horror pictures of corrosion, but we think
it's not very relevant to Yucca Mouuntain. Next slide.

One of the major challenges in Yucca Mouuntain is
this extrenely long tine frame. That's what's unprecedented
in this particular application, trying to predict behavior of
materials over thousands of years and 10,000 years and
beyond. And one of the things that's very inportant though,
and hopefully one of the take-away nessages for all the fol ks
here today, is that it's inportant to recogni ze what the
tenperature/relative humdity chem stry solutions are at
different tine periods in that repository. W have a

tendency to do a test in a beaker, and if it conmes out good

or bad, whatever the results are, to nentally adopt that over
a 10, 000-year period. Well, it's very unlikely that those
conditions in that teacup are going to exist over that tine
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period. And so we'll show you sone of that.

There's five rel evant periods here. Show you the
next slide. Well, let nme just say that the--this corrosion
resistant material, as long as the waste package has no
penetrations in it, the radionuclides are conpletely
contained. Al right?

A passive netal, the passive corrosion rate of a
netal, is a mcron per year, a mllionth of an inch per year
or less than that. Measured corrosion rates are on the order

of .01 mcrons per year. The waste package at Yucca Mountain

is 12-quarters thick. W're not tal king about a thin-walled
structure here. This is a thick plate of material. Two
centinmeters is 12-quarters thick. At this corrosion rate to

go through the thickness of one quarter would take a 160, 000
years. At .1 microns per year to go through the thickness of
a quarter would be 16,000 years. So, passive netal s that
remai n passive, tal king about extrenmely long lives, is not
unrealistic at all. |If they'd have made numm es' noses out
of Alloy 22, we would find them nice and shiny, okay? But
the Egyptians weren't quite that advanced. Next slide.

So, what is the corrosion rate of a passive netal
Al l oy 22? Let's show you sone | aboratory data. Next slide.

A lot of testing done in a |lot of |arge equipnent
and small er | aboratory equi pment doing electric chem cal

tests, a lot of tests done on many sanples, different
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conditions, over long time periods. The long-termtest
facility has had thousands of specinens run through it in
peri ods of excess of five years. Next slide.

The general corrosion rate, the passive corrosion
rate, has been neasured by various techniques; weight |oss
nmeasurenents, el ectrochem cal neasurenents. The
el ectrochem cal neasurenents are very val uabl e and usefu
because you can | ook at a wide variety of environnents.

Al so, they're useful because they give you results quickly.

One of the features is the el ectrochem cal neasurenents,
typically short-term neasurenents, give you a higher
corrosion rate by a factor of 10 or 100 than what a | onger
termtest would be. But they're still quite useful and
val uabl e. Next slide.

Sonme range of corrosion rates. In a thousand tines
the dilute waters in the nountain, this particular water had
.8 nolal chloride, .4 nitrate, at 90 Centigrade, pH 2.8, the
short-termcorrosion rate was 1.5 microns. After a week,
that had dropped down to 0.1, 16,000 years per quarter. In
the pH 2 solution, short term one hour test, 2.1 m crons per

year. After 30 hours, that dropped dowmn to .2. So, the
corrosion rates we neasure in these types of environnents are
extremely low. Next slide.

This is just fromthe long-termtest facility. As

point of reference, this is that .01 mcrons per year.
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That's 160, 000 years per quarter. And at 60 degrees and 90
degrees in a variety of waters, pH 2.8, pH 10, pH 11 to 13,
we see very |low corrosion rates after very long tinmes. Next
sl i de.

This just shows some nore | aboratory data. This is
el ectrochem cal data so that the rates are going to be a bit
hi gher than they would be after longer tinmes. Here is in
nitrate chloride environments and cal cium chloride. And what
we find is in a wde range of calciumchloride, .05 ratio of
nitrate-to-chloride, .15/.5; the corrosion rate is over the
range of 100 to 160. This is sone of the new data that
you' ve been told about. The nitrates are, in fact, effective
inhibitors. The corrosion rates in general corrosion are
very low in this.

This is sodiumchloride brines. And, again, the
corrosion rates we're neasuring here are extrenely low, .4
m crons per year across here. And it's a function of sone of
the nitrate-to-chloride ratio. Next slide.

This is sone new data to the Board. Again, |
believe this is data fromfoils that were exposed in an
aut ocl ave, so we could go to higher tenperatures than you
woul d be able to attain at Yucca Mountain with these. They
woul d boil off naturally at Yucca Mountain if you tried to do
it. Exposure tines of 130 and 157 days and, again, the major

point here is the corrosion rates are extrenely low. There's
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no significant general corrosion of Alloy 22 in these
saturated brines over the range of 120 to 220 degrees in
t hese tests. Next slide.

So, the concl usions regardi ng passive corrosion in
a w de range of tenperatures to 160 and above using
pressuri zed autoclaves to be able to nmaintain those
environnments, the corrosion rates are very low. Short-term
tests, 2 mcrons per year and dropping down into this .1 or
.01 range, and | ess even, after longer tine periods.
Ni trates show sonme benefit even. The primary benefit we're
going to be discussing with you is in localized corrosion,
but we find the nitrates are of sone assistance in this
passi ve corrosion as well.

Al'l of the different test nethods we use, the
I inear pol arization, the coupon studies, the long-termtest
facility, give the sane nessage. The corrosion rates are
very low, and they're very stable over w de ranges of
materi al --of environnments. Next slide.

kay, so the point of that was passive netals
remai ni ng passive give very long lives, and Alloy 22 is a
passi ve netal under an awful lot of realistic conditions at
the environnment. So, why don't we, you know, stop and go
home? Wy do we spend a couple days here and all the
wringing of teeth and gnashi ng--or winging of hands,

guess. You wring hands and gnash teeth; right? But the
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point is this localized corrosion, again. Were does the
passive filmbreak down? Were are the boundaries? What
environments do you have to go to? The State of Nevada has
shown us some environnments where, no question, Alloy 22
behaves nore |ike Al ka-Seltzer than it does a structural

mat eri al .

Qur argunent, our rational is, those are
unrealistic and irrelevant environnents. You can put Alloy
22 or any other material in some environnents that wll cause
very significant corrosion. The question is will you form
t hose on waste packages, will they persist on waste packages,
wi |l they damage the waste packages? The Project has
exam ned | ocalized corrosion of Alloy 22 over a very w de
range of aggressive environnents, beyond what we believe is
the realistic environnent, and |I'I|l show you sone of that
data here now, after we talk about, a little bit about, the
corrosion perspective.

W' ve tal ked about, and several of the speakers
have nentioned, the various factors that protect against
corrosion. There's a hierarchy of protection here. The
thermal barrier stops dripping onto the waste package. The
capillary barrier stops dripping onto the waste packages.

The drip shield stops dripping on the waste packages. |If the
thermal barrier was not functioning, the capillary barrier

was not functioning, and in a co-location with that the drip
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shield was not affected, then a drop of water can hit on the
wast e package. And now that's what we're going to be
studying. But keep in mnd here that that can only happen
when the drip shield, the capillary barrier, and the seepage
occurs co-located. Next slide.

There's no | arge accunul ation of water that's
formed in the repository. W've said this before. The
fractures go froma | ow percentage of saturation to a higher
percentage. There's a small fraction of the packages even in
t he absence of any drip shield that would get dripped on. |If
they get dripped on, the anmobunt of water that's available is
very small. This neglects the thermal barrier. During this
time period, the thermal barrier would be in place and this
is zero. |If the thermal barrier wasn't there, with the
infiltration rates during the current climate, it would be
about two liters per year. Carl explained to you the
rational for having to reconcentrate that. It would give
about two mlliliters per year per waste package.

After the first climate change, we get about 20
mlliliters per year of concentrated brine, and then it goes
up to 40. Again, just a franme of reference here, 15
mlliliters per year is a tablespoon of solution on a waste
package. Okay, we're not tal king about |arge volunes of
solution at all. Next slide.

There's two relevant tinme periods. Carl talked
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about deliquescence in the norning and drippi ng and seepage
in the afternoon. That's why we broke up the tal ks that way.
What happens during deliquescence and condensation? That's
when the dust particles on the package, as the tenperature
drops, the relative humdity conmes up, as the tenperature
rises, relative humdity noves, we can start form ng noisture
in those dust layers. And we've talked a | ot about that.

And then the other issue is what happens on dripping and
seepage.

The consi derations here, and we'll wal k you through
sonme of these, are what's the evolution of the environnent?
The waters on the waste package surface are what's critica
here. That's what's going to nmake or break the corrosion
behavi or. The evol ution of damage, then, underneath that--
the evol ution of corrosion damage in environnments that may
cause damage: What's the likelihood? What's the extent,

di stribution? And, so what? What are the consequences of

that corrosion damage? Next slide.

Okay, so you've seen the tenperature curves for the
wast e package and the drift wall. There's a tenperature
di fference between those dependi ng upon the particul ar

package. You've seen the relative humdity. Next slide.
Carl showed you this slide. But yesterday in one
of the Center's presentations and the NRC data, they chose to

break the periods up. | think they had four periods. But
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the rational here is pretty simlar, and let me tell you how
we define the four periods.

The first period is the preclosure, and that goes
fromthe tinme that waste packages start being put into the
nountain to 50 years. So that's the first time period. That
| asts 50 years. At 50 years, the repository is closed; the
tenperature starts to rise. And so we define the second
period that goes froma period of on the order of 10 or 15
years. So, that would be from50 to 65 years. That's the
heat - up peri od.

We then have a thermal barrier in place. The drift
wall is greater than the boiling point, and so no seepage
will occur and the package is cool. That's the Period I11.
In this particular scenario, that lasts fromlike 65 to 750
years. At 750 years, the drift wall is at the boiling point,
and so seepage is possible. So, the Period IV here where
seepage i s possible, dripping on the package coul d happen,
goes from 750. And when the package is at 90 Centi grade,
that's what |1've defined as the period bel ow which no
corrosion of the waste packages will occur.

Wy 90? There's sone data fromthe Center that was
publ i shed that said the critical tenperature for crevice
corrosion of Alloy 22 was 95°C. Below 95, they did not see
| ocal i zed corrosion. |In sonme nore aggressive environnents,

t hey saw | ocalized corrosion down to 80. Ckay? So, where's
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the right--where's the right nunber? | showed you critica
pitting tenperatures for Alloy 22 that are above 120
Centigrade. And we will argue, we will tell you, that the
conditions on the waste package are sone place between that
crevice critical tenperature and the pitting critica

t enper at ur e.

We do not believe that the critical crevice
tenperature with | aboratory-nade type crevices is the--that's
an ultra conservative nmeasure of the |lower corrosion. W
coul d debate that, okay? But if you pick 90, the things that
define these periods are the tenperature where the waste
package gets to below boiling, 96; when the drift wall is
bel ow 96, we can get dripping. 1In this case, the waste
package is 101. There's a five degree difference between the
wast e package and the drift wall.

The critical tenperature here we picked is 90-C,

So, those are three values you need. You need the tinme when
this occurs, and that tenperature, and then you need the
time/tenperature behavior. Next slide.

So what are we--what do we think is going on during
these tine periods? During this first period, the

ventilation is occurring throughout this period. The waste

packages are cool. Dust can accunul ate on the waste packages
and will. That can be dust fromthe other m ning operations
and al so ingested dust fromthe insulation. The netal
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surfaces are dry. There's no corrosion during that first 50
years. Next slide.

During the heat up period, the drift wall has been
dried somewhat fromthe ventilation period. There's a dry
zone fromthe ventilation. Once we get heated up, we've got
the thermal barrier in place. The capillary barrier is in
pl ace. W' ve got a highly corrosion-resistant alloy. No
dri ppi ng or seepage during this tinme period. The dust that's
on the waste package when the walls are seal ed defines the
amount of dust available to this. There's no new dust
sources from external sources. There could be mnor anounts
of dust generated if the drift--if the drifts collapsed a
bit, but that's a small anount of dust material. So, when
you cl ose up the waste package, you' ve basically got a fixed
anount of dust on it, and that's what you have. So, no or
none, no negligible, corrosion at that point. Next slide.

Period Il1l, thermal barrier is in place. W could
get deliquescence. W' ve gone through the argunents that
calciumchloride is a highly unlikely material. If it's
there, it's unstable. There's nitrates in the dust. During
this period when there can be no dripping on the waste
packages, the judgenent is no significant corrosion. From
750, in this case, to 1325--excuse nme, fromthe 65 years out
to 750 years. Next slide.

In this case now, the drift wall is down to
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boiling. Dripping and seepage could occur. W still have
those other barriers in place, but it's possible that they
could inpact the waste package. And there's a tinme period
fromthat 750 years until 1375 years here when the waste
package is at 90oC, and that's what |'ve chosen as the cutoff
for corrosion. |If you push that 90C out to | ower
tenperatures, you extend this period sonewhat in a | ower
tenperature environnent. Next slide.

Period V, the waste package surface is now bel ow a
tenperature at which any significant corrosion will occur.
You go back to the passive corrosion rates. Watever
condition the waste package is at that point, you start
corroding. And if that was this .1 mcron per year, we're
tal ki ng about many thousands of years to penetrate the
t hi ckness of one quarter. Next slide.

kay. So, summarizing that, in the preclosure
period, zero to 50 years, the packages are dry, no corrosion.

In the heat up period, no significant corrosion. By no
corrosion here, | nean nothing that would be of significance
from an engi neering standpoint. | don't want to split hairs
on do you get a pit in the package or do you get sonme shall ow
penetration? There's nothing there that would conprom se the
wast e package in any way. Thermal barrier is in place, no
corrosion.

The focus then becones in this Period |V that
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requires sone nore analysis. W're tal king about a period of
on the order of 600 years for that particular scenario. And
then you conme out of that period after 1375, in this
particul ar scenario, and there's no corrosion again. So, the
focus of the analysis is in this area. Next slide.

LATANI SION:  Joe, just to ask a question of information
here. Are you referring to the EPRI fault tree?

PAYER  No.

LATANI SION:  What are you referring to?

PAYER: W have our own.

LATANI SION:  Oh, you do? kay.

PAYER And I'Il showit to you

LATANI SI ON: Thank you.

PAYER: We've got two, in fact.

LATANI SI ON: Ckay.

PAYER: Next slide.

So, let's talk a little about this |ocalized

corrosion process. First, 1'mgoing to talk sone about the
controlling paraneters and what we know about | ocalized

corrosion as a process. And then | want to wal k you through
and tal k about sonme of the experinental nmeasurenents. A |ot
of the experinental data in this is going to be newto the
Board from what you've seen in the past. Next slide.

This is just sone framework here. When we talk

about corrosion, again, this gets back to the idea that
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corrosion is driven by the environnents that could occur and
by the susceptibility of the material. |[If there's no overlap
bet ween those corrosive environments and the susceptible
material, |ocalized corrosion won't occur, okay? |If they
overlap, then it's only those environnments that overlap with
the resistance of the material that are potentially--that
could cause localized corrosion. W determne those in
| aboratory tests, typically. W run accelerated | aboratory
severe-corrosion tests to determ ne where these regions are.
Once you have a region |ike that, though, there's additional
requirenents in order for that to occur

At the waste package, you' ve got to get water in
contact, of that solution type, with the waste package. It
has to stay in contact with the waste package. The corrosion
speci es have to be present to formthat electrolyte. The
material is susceptible. And those have to persist over a
| ong enough tine to cause damage. Next slide.

At a high tenperature, the packages are dry. So
there is no overlap between there. There's no potential for
| ocal i zed corrosion when the waste packages are dry. Wen
the waste packages--this is |ower tenperature here,
schematically. Wen the waste packages are below this
critical tenperature, | picked 90 in the exanples |I'm show ng
here, there's no overlap. So, you get below 90, there's no

corrosion. You get in the dry area, there's no corrosion.



© 00 N oo o B~ w N P

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

569

This is just another way to say that the area of interest for
anal ysis that needs a bit nore analysis, nore analysis, are
these internediate tenperatures fromthe point where you
coul d have wet packages and it's above the critical
tenperature. Next slide.

This is just a set of cartoons that say this famly
of environnents could really be broken up into a subset of
famlies, and those sub-famlies will have different
corrosion corrosivities. Anbient waters would be farthest to
the right, the | east benign--1 nean, the nost benign. The
nore aggressive halide environnents nove it over in this
direction. And so as the environnments becone nore
aggressive, you nove this direction. But by the same token,
the metal, the Alloy 22 or the different alloys, can show
different classes of behavior. Next slide.

This is just a nontage of pictures here. There's a
| ot known about the chem cal, electrochem cal, netall urgical
processes that go on for localized corrosion. W're not
going to go into themin great detail here, but it's a
process that's been highly studied and pretty well -known.

This just shows that different netals have
different susceptibility to corrosion. In this particular
oxi di zing-acid environnment in |aboratory tests, Aloy 825 did
not fare very well, high corrosion rate. Alloy 22 and

titani um showed no corrosi on whatsoever. And you've seen
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some and you'll see sonme nore of these polarization curves
which is a | aboratory nethod that can be used to exam
susceptibility and behavior to localized corrosion. And from
these curves that, in general, wll look |like this, there's a
coupl e inportant features.

The corrosion potential is the natural potential of
the metal in that environment. It's polarized up through the
passi ve zone where the filmbreaks down. This is the pitting
or breakdown potential. W then reverse the potential and
| ook for a hysteresis loop. And where it cones back across

here is defined as the repassivation potential.

The inportance of that is, if the systemis
operating below this repassivation potential, even if the
passive filmis broken down by sone random event, it wll
repassivate and reform The rationale is, if you break the
passive filmin this region above the repassivation
potential, you could see sone significant damage before
repassivating or you may not see repassivation, at all. And
so that's the rationale. W can go in the |aboratory and
nmeasure these potentials. And that's one of the key features
we' || be showi ng. Next slide.

What controls this passive corrosion corrosivity?
The chloride concentration, tenperature, the oxidizing
potential of the metal surface, the severity of the acidity,

and the crevice geonetry. Howtight is the crevice? Wat's
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it made of ? Fluoride, tenperature, and potential. Hi gher is
bad, nore corrosive, nore likely to start |ocalized
corrosion. Lower pHs, nore acidic conditions are bad, and
tighter crevices are bad. $So, in a nom nal sense, we know
what controls this process. The question is where are we
with this alloy in waste packages? Next slide.

And this is just a cartoon of a nmetal. 1In this
case, there's a netal-to-netal crevice formed. This is at
hi gh magni fication where netal squeezes against netal. Wat
we find is, if the environnent back in the crevice can becone
nore corrosive, nore conducive to corrosion, and there's a
ot of factors that affect that. Next slide.

| want to talk a little bit about |ocalized
corrosion, the process frominitiation, propagation,
stifling, and arrest. In order to go, localized corrosion
has to start. That's the initiation process. Once it

starts, there's a propagation. Wat's the penetration rate
as it starts working it's way through the nmetal? In many

systens we find that the rate is not constant, but, in fact,

it slows down with tine. And the word, the term that's used
for that is "stifling". The rate gets slower and slower. It
stifles. And in sone cases, it arrests. GCkay? This is both

the material and an environnment condition. And so it's
inmportant for us to look at this |localized corrosion. Once

it initiates, what's the propagation, stifling, and arrest?
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And there's several things we want to | ook at here.
W'll talk a little bit about this Logic/Fault Tree, about
getting it going in the first place. And then things that
affect the propagation and stifling are things |ike what's
the crevice nade of, what's the severity of the crevice,
what's this critical crevice chem stry that has to be
mai ntained in order to keep the |ocalized corrosion going,
and then what sort of growth rates do we typically see for
penetration? That's really the bottomline is what's the
damage evol ution? Next slide.

A comment on crevice forners. 1In the |aboratory,
we forned the tightest crevices that we know how. And the
way that's done is with a piece of Teflon, PTFE, the generic
name for it, but you take a piece of this polynmeric materi al
and you squeeze it tightly against a netal surface. That

forns as tight a crevice as we know how. The liquid still

gets back in there. If it didn't, we would have no problem
The liquidis in there. If we try to formthat
same crevice by squeezing two netals together, because of the

surface roughness of the netals, even highly polished netals,
we can't formas tight a crevice as we get with these Tefl on-
type crevices. |If you forma rough ceramc, a piece of rock

or sonething, against the surface, you get even a | ess severe
crevice, and that will be reflected in the tenperature at

whi ch crevice corrosion will occur and also the severity of
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the environment. And so one of the things that we wll argue
is that crevices do not exist over the great extent of the
wast e package surfaces.

There are crevices on every package, but we do not
believe dust is an effective crevice forner. W're not sure
that rock is an effective crevice forner. The netal -to-netal
crevices that can occur are effective crevices, but they're
not as severe as our l|laboratory tests. So, it's an inportant
point to keep in mnd. Next slide.

Critical crevice chemstry, if you get--these are
ranked in nore corrosion resistant alloys; a ferritic
stainless steel, a couple austenitic stainless steels, 625.
As the corrosion resistance of the alloy increases, the
solution, the acidity and chloride necessary to drive that
| ocal i zed corrosion process, becones nore and nore severe.
The acidity has to beconme greater, reflected as | ower pH
val ues, and the chloride concentration has to increase.

Alloy 22 is even nore corrosion resistant than
Al'l oy 625 here. So, even a nore severe solution has to be
formed and maintained in that crevice in order to continue
| ocal i zed corrosion. Next slide.

In the grow h, what do you we see typically in
growm h of crevice corrosion? The penetration rate, the rate
at which we're going through the thickness of this plate, in

the case of the waste package, typically follows a behavior
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where that penetration rate is tined to an exponential power

and a pre-exponential termhere. This end value tends to be

between .1 and .5. And the inportant significance of that is
shown schematically in the next slide.

The corrosion rate doesn't start and maintain at
these very high rates that we can often seen initially. But,
in fact, a corrosion rate bends over, and the | ower that
value of N, the quicker and the | ower value at which it
starts getting asynptotic here. So, this is just a schematic
here where N equals .1, .3, .5 but the main point is we
don't maintain these very high initial rates for very |ong.
The corrosion rate decreases. Next slide.

Okay. So, localized corrosion--1localized corrosion
fault tree here, if we have a corrosion-type of water that
wi ||l cause corrosion, if that water can formand the netal is
susceptible to it, and we neasure that in our accelerated
severe |l aboratory tests, if conditions A and B are there, is
the corrosion rate positive enough to be above that
repassivation potential? |If the material is susceptible, the
solution can maintain |ocalized corrosion, you still need an
oxi di zing potential above that repassivation potential or
el se you won't get localized corrosion. W do it in a
| aboratory with a black box, with an electrical box, a
potentiostat, where we force it up into that region.

If the corrosion potential is positive enough,
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you' d need a severe enough crevice on the specinmen. 1In the
absence of crevice, you would not get |ocalized corrosion.
If you've got A, B, C, and D, then you go to--you can
initiate |ocalized corrosion. The question is what's the
damage evolution? How long will it go? What sort of
stifling and arrest mght you exhibit?

So, the questions we have here are, the
requi renents for damage are, do the conditions exist, wll
corrosion occur, will it persist, and what danmage m ght be
the result? And we want to | ook at those at the five
different periods in the repository to determ ne under which
of these localized corrosion mght be an issue. Next slide.

kay, let's tal k about sone experi nental
measurenents now. Next slide. This, again, is just a
picture of a |l aboratory at Lawence Livernore where a | ot of
the testing is done. The specinens are nmetal specinens.
Here's the crevice formers. These things are bolted
together. The tight Teflon-seal against the netal is then

put into an electrochem cal test. Several different tests

are used. This shows data for a typical cyclic polarization
whi ch has been used extensively by the Project.

There's a Tsujikawa--there's this guy, THE
experinment. | have to get Raul to say that at every one of
our review sessions here. But that's a nore severe test

where you break down the passive filmand then you step the
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potential back to see where it arrests. Ckay? But
essentially the kind of ranking and the kind of behavior you
get are very simlar in the two results. The THE test is
somewhat nore severe. Next slide.

Carl nentioned to you the different categories of
water, and what |'d like to do nowis go back and we'll talk
about the localized corrosion behavior in these different
types of water. The source of the different waters are the
chem cal divide theory and other processes that Car

summari zed for you. The anbient waters are dilute, nulti-
species. They're near neutral, but as you go through those
dilute waters and they becone nore concentrated, you can go
into carbonate brines, sulfate, and so forth. And so the
guestion here is what sort of corrosion behavior do we
observe in that? Next slide.

So, let's talk about the dilute waters and the
carbonate waters. And the picture here is pretty boring from
a corrosion standpoint. These are not corrosive waters.
Alloy 22 is benign in those environnents. |If you were
selecting a material for an industrial application and these
were the waters, you would never select Alloy 22. You don't
need that high a corrosion resistance. |If we were assured
that the waters in Yucca Mountain were always in this
environnment, we wouldn't be tal king about Alloy 22 packages.

So, these environnents are noncorrosive, the dilute waters
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and the carbonate waters, no |localized corrosion. And this
just shows one of the polarization curves. You go up.
There's no hysteresis. Not very exciting. Next slide. W
don't want to be exciting, particularly, but that's the deal.

Okay. What happens, we're going to tal k about the
famly of waters that are--this famly of waters, the sulfate
bri nes and the sodi um potassi umchloride-nitrate brines.
Maj or distinction here is can sonme cal ci um magnesi um be
present or so forth? But these are the waters we're tal king
about. In these waters, the summary is that we find that the
waters wi th nodest amounts of nitrate, we see no |ocalized
corrosion. Not observed. |It's not observed on wel ded
specinmens in the long-termtest facility and it's al so not
predi cted by our rapid el ectrochem cal forward and reverse
tests.

Waters that have |low nitrate | evels can have the
possibility of initiating crevice corrosion when they're
pol arized into this susceptible zone. One of the things I'l
show you on sonme of the speci nens when we do that, when we
initiate crevice corrosion artificially by polarizing into
that region, that the initial high current penetration rate
drops off markedly so we do see stifling under sone
conditions. Next slide.

LATANI SI ON: Joe, just to get another point of

information, are you referring to experinments in which you' ve
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got a artificial crevice present or--

PAYER. These are | aboratory, the cyclic polarization
with the crevice forners on the specinens, the standard
tests. And sonme of these have been backed up with the THE
nmet hod. So, there's been a coll aborati on between them  Next
slide.

Just an issue on sone of the solution chem stry,
again. You' ve seen a lot of this already. Just the straight
time/relative humdity, there's inaccessible regions here.
So, this whole region can be taken out as possible
tenperature conditions at Yucca Mountain. Solutions won't
exist up there. |It's above-boiling. W talked about the
eutectics here and that has a big affect on the nitrate
chloride. W' ve tal ked about the deliquescent points of the
various salts, and what that led to is this diagramthat Carl
showed you that said, okay, for sodi um potassiumnitrate-
chl oride-type brines, any condition belowthis |ine, any
tenperature/relative humdity are going to be dry salts, no
corrosion.

Any condition out here is going to be inaccessible
fromtenperature/relative humdity. The waste packages wl |
be dry. And so the questionis, and if we're in this region,
the nitrate-to-chloride ratio will be greater than .5 because
of this type of behavior. Up here, we can get into the | ower

nitrate/chloride type brines, and then sulfates cone in here.
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So there's a rationale for where we exist on tine/
tenperature--next slide--for these solution chem stries.
Let's talk about the nitrate inhibition of--these
are sanples that contain welds. The specinen was a plate
speci men that had a section of weld through it. And then the
crevice forners were formed so that sonme of the crevice feet
were over weld material and some of them were on base pl ate.
So, it was a heterogeneous specinmen fromthat standpoint.
And what cones out of this, this is an eyeball
test, but you can see the data in your handouts. The nessage
that conmes out of this, and this is data at 80 degrees and
100 degrees, if the nitrate-to-chloride ratio is greater than
.5 at 100 Centigrade, we saw no |l ocalized corrosion. |If the
nitrate-to-chloride ratio was greater than .15 at 80:C, we
saw no | ocalized corrosion. Okay? So, that puts a boundary
on the nitrate-to-chloride ratio. You need less nitrate at
| oner tenperatures, it's |less severe. Next slide.
This just shows that, in a cartoon here, this is

t he repassivation potentials versus the nitrate-to-chloride

at 100 Centigrade. Wen we get up to this .5 ratio, we get a
very positive repassivation potential. That's good. At

| ower nitrates, it's down around where the corrosion
potential could be, and we could have conditions that would

pronote | ocalized corrosion. At 80 Centigrade, at the .15

val ue, we've already transposed--noved into this high
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repassivation potential. The data at 1 nolar, 3.5 nolar, 6
nol ar chloride are all basically the sane. The chloride in
these tests didn't have a significant affect on the behavior.

Long-term corrosion potentials start reaching the
Ecrit in these lownitrate-to-chloride. Sulfate can be
beneficial under some circunstances. Next slide.

This conpares--a bit of a busy slide, but the
coupl e points here--as you go up in chloride concentration
t he repassivation potential comes down. And so from a--
that's not a good thing. Gkay? The nore it conmes down, the
nore--the easier it is to get up into that region. So,
again, it takes high chloride to do that.

The ot her point here though is these triangl es.
These are data fromthe Center, NRC s |aboratory folks in San
Antonio. And you'll see that they're consistently higher,
their repassivation potentials, than what's been neasured by
the Livernore folks at DOE | abs by both these nethods; the
cyclic polarization and this Tsuji kawa nethod. Tsujikawa is
a bit nore severe, but they're about the sane. And one of
the ways of rationalizing this is the test procedure that
Li vernore uses forns a tighter, nore severe crevice than
what's formed by the Center. And so we think there's a
| ogi cal rational reason for seeing this offset here. It's a
bit of a secondary issue, but it does get back to this point

that it's inportant about what makes the crevice. Next
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sl i de.

Ckay, so now we're going to talk about these waters
here, and we're tal king now about the high nitrate chloride
brines, the nore concentrated brines. They're restricted
into these types of environnments. And what we find is that
when there's high nitrates, we see no |ocalized corrosion.
This 115 Centigrade, this test here where we do the
pol ari zation curve, and we see no evidence of susceptibility
to localized corrosion, that's at 115 Cin a concentrated
fluoride/nitrate environment. That's as concentrated as you
can get and still have noisture, okay? So that represents
the very first sort of deliquescence in those environments or
it represents the very last dry-out drop. And the point is,

if the nitrate levels are up, we don't see corrosion,

| ocal i zed corrosion susceptibility. Next slide.

This is a case where we do, in fact, see a
hysteresis loop. This is a concentrated chloride nitrate at
100 C. In this case, the corrosion potential is well bel ow
the repassivation potential. In a long-termstatic corrosion
test, we would not expect |ocalized corrosion because the
corrosion potential is below the repassivation. |If we, with
a laboratory instrunent, polarize up to 100 mllivolts to

force localized corrosion to start, we neasure the current as
a function of time and currents going up is not a good thing.

Currents going up neans the alloy is corroding. And so what
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we find is when we polarize up into this region with our
potentiostats, the current increases, but then with tine it
drops off significantly in the presence of nitrate. And so
in this particular set of environments, nitrate is not only
effective at higher |levels of preventing |ocalized corrosion
fromstarting, but it's showing a stifling or an inhibiting
effect.

This process of stifling and initiation is really
an area of active research and active needs and getting

better descriptions of just when that occurs. But in this

case, certainly in these types of environnents, we see

evidence in this exanple of stifling occurring. Next slide.
Gets us to the cal cium magnesi umchloride-nitrate

brines. W spent a lot of tinme talking about that. Ron

wonders why, now. We didn't know why when we started into
those tests and all, and so it was inportant to establish the
behavior. W' ve beat on this all day |long, so you know the
nmessage here. You can choose acceptance of it, but the
chem stry is pretty clear. Calcium magnesi um chl ori de-
nitrate brines are highly unlikely in the repository. If you
don't believe that or if you just want to know what woul d
happen if they did exist, these experinments were done. Next
sl i de.

In concentrated cal ciumchloride brines, the
nitrate-to-chloride ratio, again, is effective at high
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tenperatures. This is 160 degree data. These are the highly
concentrated, first deliquescent-type brines, calcium
chloride, if it were to exist. And at high nitrate val ues,
it's still effective at stopping |ocalized corrosion. At |ow
nitrate, you could have some corrosion occurring if those
environments coul d persist. Next slide.

And this just--this is passive corrosion rates
here, but | just want to go back and rem nd you that nitrate
is very effective at tenperature ranges between 100 and 160:
| ow, passive corrosion rates. Next slide.

Okay. The focus is on this Period IV that we're
calling it. Wen the waste package--when the drift wall is

bel ow the boiling point, it's possible to get dripping

seepage fromthe drift wall if the waste--if the drip shield
is not there, capillary barrier is not there, if it hit a
wast e package, what woul d happen? Several considerations

during that period. The first is, is the capillary barrier
or