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PROCEEDIL NGS
1: 00 p. m
BULLEN: Good afternoon.

My nane is Daniel Bullen. |'ma nenber of the U S.
Nucl ear Waste Technical Review Board, and |I'm going to serve
as Chairman of today's session, because | serve as Chairnman
of the Board's Panels on Performance Assessnment and
Repository. It is, indeed, ny pleasure to wel cone you to
this joint neeting of those two panels.

As you know, Congress enacted the Nucl ear Waste
Policy Act in 1982. The Act, anong other things, created the
Ofice of Gvilian Radioactive Waste Managenent, or OCRW|
within the U S. Departnment of Energy, and charged it, in
part, with devel oping the repository for the disposal of the
nation's spent nucl ear fuel and high-level radioactive wastes
fromreprocessing. Five years later, in 1987, Congress
amended that |law to focus OCCRWM s activities on the
characterization of a single candidate site for a pernmanent
geol ogic repository, Yucca Muntain, which resides on the
western edge of the Nevada Test Site, about 100 mles north
of Las Vegas.

In those sane anendnents in 1987, Congress created

t he Nucl ear Waste Technical Review Board, this Board, as an



i ndependent federal agency for reviewi ng the technical and
scientific validity of OCRWM s activities. The Board is
required to periodically furnish its findings, as well as its
concl usi ons and recommendations, to Congress and to the
Secretary of Energy. W do this in Congressional testinony
and through our reports. As you may know, we issued our
summary report for |last year's activities about two nonths
ago. Copies are available at the tables in the rear. And |
al so know that you can get copies on our web site if you
don't want to carry a copy of it home with you.

As specified in the 1987 Act, the President
appoi nts our Board froma |list of nom nees submtted by the
Nati onal Acadeny of Sciences. The Act requires that the
Board be a nulti-disciplinary group with areas of expertise
covering different aspects of nucl ear waste managenent. W
nmeet as a full Board three or four tinmes a year, usually
somewhere in Nevada. Today, however, we are not neeting as a
full Board, but rather as a joint neeting of two of the
Board's specialized Panels. These are the Panel on
Per f ormance Assessnent, which focuses on net hods of
qual i fying repository performance, that is, its ability to
contain and isol ate radi oactive waste; and the Panel on the
Repository, which focuses on the engi neered aspects of the
repository.

| want to introduce you to those nenbers of the
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Board who are present today, and in doing so, let nme rem nd
you that all Board nenbers serve on the Board in a part-tine
capacity. In ny case, | am associate professor of Mechanica
Engi neering at lowa State, and | was fornerly the coordi nator
for the Nuclear Engineering Programand a former director of
the Nucl ear Reactor Laboratory there. M areas of expertise
i ncl ude nucl ear waste nmanagenent, perfornmance assessnent
nodel | i ng, and materials science.

Dr. Norman Christensen--Norm would you pl ease
rai se your hand--is about to step down as Dean of the
Ni chol as School of the Environnment at Duke University. He
tells ne he has three working days left--not that he's
counting. He served with distinction in this position for
ten years. He will now start a very well deserved sabbati cal
this sutmer. Hi s areas of expertise include biology and
ecol ogy.

Dr. Paul Craig is not here today. He will join us
tomorrow for the last two sessions of the neeting. Paul is
t hee professor enmeritus fromthe University of California at
Davis. He is a physicist by training, and has a speci al
expertise in energy policy issues related to gl obal
envi ronment al change.

Dr. Richard Parizek--Ri chard--is professor of
hydrol ogi c sciences at Penn State University, and an expert

i n hydrogeol ogy and environnental geol ogy.
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Al berto Sagiés. Dr. Sagués is Distinguished
Prof essor of materials engineering in the Departnent of G vil
Engi neering at the University of South florida in Tanpa.
He's an expert in materials engineering and corrosion, with
particul ar enphasis on concrete and its behavi or under
extreme conditions.

Dr. Jeffrey Wwong. Dr. Wng is the Deputy Director
for Science, Pollution Prevention and Technol ogy, the
Depart ment of Toxic Substances Control, California
Environnental Protection Agency. He is a pharnacol ogi st and
t oxi col ogi st with extensive expertise and experience in risk
assessnent and scientific team managenment. Jeff chairs our
Panel on Environnment, Regulations and Quality Assurance.

Many of you know and have worked with our staff, a

nunber of whom are seated at the side of the room behind the

Board nmenbers. Bill Barnard--Bill, would you raise your
hand? Bill is not here? Bill stepped out. Bill is our
Executive Director. Unlike nmenbers who serve part-tine, the

staff serves in a full-time capacity. Here's Bill
Now | need to add our usual disclainmer so that
everybody is clear on the conduct of our neeting, and
specifically on what you're going to hear and its
significance. Qur neetings are spontaneous by design.
Those of you who have attended our neetings before, and |

know many of you have, know that the nenbers of the Board do
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not hesitate to speak their mnds. Let nme enphasize that is
preci sely what they're doing when they are speaking. They
are speaking their mnds. They are not speaking on behalf of
the Board. They are speaking on behal f of thensel ves.
would like to remnd you that this is not a neeting of the
full Board. Qur Chairman, Dr. Jerry Cohon, and actually five
ot her nmenbers are not present today. W view this neeting as
an information-gathering neeting. Any Board position that
may devel op would only be taken after the full Board has had
a chance to process all the information. And | understand
that we're going to receive a great deal of information in
t he next day and a half.

The subject of today's neeting is the Departnent
Energy's Suppl emental Science and Perfornmance Anal yses, or
SSPA.  This docunment, which we understand will be issued this
summer, contains recent scientific and engi neering studies
and performance anal yses, not reported in previous DOE
docunents related. Al of these analyses are related to the
possi bl e repository at Yucca Mountain. This neeting will be
divided into three sections. The first section will [ast
until about 3:00 p.m today, and init, the DOE and its
contractors will address the purpose of the SSPA, describe
its scope and content, and summarize the overall results of
t he report.

The second section, which will start this afternoon
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after the 3 o' clock break, and continue tonorrow norning
until about 11:00 a.m, wll address efforts of different
technical areas to quantify previously unquantified
uncertainties, to incorporate new scientific data and nodel s,
and to provide a basis for a conparison of different
conceptual nodels of repository design.

After that, in the third session, we will hear the
results of sensitivity tests and performance assessnents,
whi ch take all of the new information into account. The DCE
will also indicate how the SSPA hel ps address four priority
areas identified by the Board as inportant for a potenti al
site recoomendation. And I'd |like to rem nd you of what
those four inportant priority areas are for the Board.

First. Meaningful quantification of conservatisns
and uncertainties in the DCE s perfornmance assessnents.

Second. Progress in understanding the underlying
fundanment al processes involved in predicting the rate of
wast e package corrosion

Third. An evaluation and conparison of the base-
case repository design with a | owtenperature design.

And, finally, developnent of nmultiple |ines of
evi dence to support the safety case for the proposed
repository. These lines of evidence should be derived
i ndependently of performance assessnment and, thus, not be

subject to the limtations of performance assessnent.
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| wll chair this afternoon's session. Board
Menmber Al berto Sagiés will chair tonorrow norning' s session,
and Board Menber Norman Christensen will chair tonorrow
afternoon's sessi on.

Now, |et ne say a few things about the
opportunities we've provided for public comment and
interactions during the nmeetings. This is sonething
extrenmely inportant to the Board. We will try to give the
public as many opportunities as possible to comment during
our neetings. Today and tonorrow public comment peri ods
wi |l take place at the end of the presentations. Those
wi shing to comment should sign the Public Coment Register at
the check-in table where Linda Hiatt and Linda Coultry are

sitting. Linda, do you want to raise your hands back there?

That's where we'd like you to sign in to nake public
comment. They'll be glad to help you sign in and then ask
you to be ready to publicly comment with the tine arises.

Now, | have to point out, and I'lIl rem nd you again
| ater, that depending on the nunber of people who sign up, we
may have to set a tinme limt on individual remarks.

As an additional opportunity for questions and
continuing sonething that we've tried successfully before,
you can submt witten questions to either Linda H att or
Linda Coultry during the neeting. |If thereis tine, the

Chair of the nmeeting will ask the question during that
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neeting. |If we don't have tinme to ask the question during
the neeting, we'll raise sonme of the questions during the
public comrent peri od.

In addition to witten questions to be asked by us,
we al ways wel come witten comments for the public neeting
transcript. Those of you who prefer not to make oral
comments or ask questions during the nmeeting may choose this
other witten route at any tinme. W especially encourage
witten comments when they' re nore extensive than our neeting
time allows. Please submt the witten comments to either
Linda Coultry or Linda H att. They will be happy to help
you.

Now, as Chairman of this afternoon's session, we
wi |l see presentations introducing the SSPA. CQur first
presentations will be nmade by Steve Brocoum and Bill Boyl e of
the DOE's Yucca Mountain Site Characterization Ofice, and
they will introduce the SSPA and tell us howit fits into the
site recomendati on process.

Fol  owi ng that presentation, Rob Howard of Becht el
SAIC wll tell us about the Volunme 1 of SSPA, the Scientific
Basi s and Anal yses, and Peter Swift of Sandia Nati onal
Laboratories will tell us about Volume 2 of the SSPA, which
are the Performance Anal yses.

We will then hear about SSPA work in two technical

areas. Bo Bodvarsson of Lawrence Berkley National Laboratory
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wi |l talk about unsaturated zone and near-field environnment
coupl ed process conponents, and Bob MacKi nnon of Sandi a
Nati onal Laboratories will talk about engi neered barrier
syst em coupl ed process conponents. Following that, we wll
have the first of two public conment periods.

That brings nme to the end of ny prepared renarks,
and 1'd like to actually take the extra time and junp right
into the neeting. So our first presentation is by Dr. Steve
Brocoum Dr. Brocoumis the Assistant Manager for the Ofice

of Licensing and Regul atory Conpliance and Yucca Mount ai n,
and he will provide us with an update on the interface of
SSPA in the site recomendati on process. Steve?

BROCOUM | want to give sone introductory coments on
the potential site recommendati on docunent structure, how the
SSPA fits in, and then Bill is going to get into what the
pur pose of the SSPA is, and information about that. So we're
bot h speaking at this presentation.

|'"mgoing to do this first bullet here, and
potential site recomendati on docunent structure, and Bill is
going to do all of these things here.

These are the same diagrams. You know, again, just
for information, this is all our docunents that we have in
our programthat we've done in site characterization over the
| ast 15 years. You know, down here is all the science and

t echnol ogy and engi neeri ng docunents. These docunents here
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are kind of sunmary docunents of all the details down here.
They i nclude such things as System Descri ption Docunents, the
Site Description, Repository Safety Strategy, and so on, a
whol e bunch of stuff, TSPA and the Suppl enmental Science and
Per f or mance Anal yses.

The docunents in the black box are the
conprehensi ve statenent that will be used by the Secretary,
t he conprehensive list of information used to nmake his
decision on site recommendation. And so the next viewgraph
just takes this box and nakes it a little nore clear.

W will have the Yucca Muntain Science and
Engi neering Report, which we issued earlier in the year. W
wi |l have the final Environnmental |npact Statenent. W have
asked, we have sent the letter to the NRC and asked themto
submt their Sufficiency Conments to us by Cctober 1st. W
will, based on any hearings we have on the site
recomendati on process, we wll have a Comment Sunmary
Docunment. We will have a Site Suitability Evaluation. Prior
to that, we will issue a prelimnary Site Suitability
Eval uation for the public comment process, any other
information that the Secretary deens appropriate, including
TSLCC and Fee Adequacy Report. And if the State of Nevada
submts an I npact Report inpacting the site, we have to
include that also. So all of these things are required.

That's why we have these little bullets here, where in the
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Nucl ear Waste Policy Act they cone from and the
conprehensi ve statenent for the site recomrendati on.

So that is what is in this box here. |If the
Secretary decides to reconmend the site, he will issue sone
kind of a docunent, you know, to the President with all of
this either attached or referenced. That's kind of how we
see the docunent structure flow ng together.

This tries to show you how t he SSPA, the
Suppl enment al Sci ence and Performance Assessnent, Vol une 15,
allows other information. Basically, the SSPA is an
extension or an addition or a supplenent to the TSPA. It has
nore or |less the same stature in the technical hierarchy as
the TSPA. That's why over here, we show the SSPA in the
supporting docunentation, and we have the TSPA there al so.

So, these two volunes are nore or |ess the sane
technical |level within the program

The TSPA- SR supported the Yucca Mountain Science
and Engi neering Report, and that's one of the docunents, and
that's one of the docunents up here in the conprehensive
statenment. And the PSSE, the Prelimnary Site Suitability
Eval uation, and the Site Suitability Evaluation, also which
wi |l evaluate our site against our reg. proposed, today's
proposed regul ati on--we hope to finalize it. Qoviously, we
have to finalize it for site recommendation. So this is the

PSSE, which | think is right there, Site Suitability
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Eval uati on.

So the TSPA supported both the Yucca Muntain
Sci ence and Engi neering Report and PSSE. The Suppl enentary
Sci ence and Performance Anal yses supports the PSSE. The PSSE
is going to evaluate the site over a range of tenperatures.
So that's kind of how they fit.

The Yucca Mountain Sci ence and Engi neering Report
supports the specific requirenments fromthe Act, or the
repository description, the waste form and packagi ng, data
inportant to safety, and so on. These are all listed in the
Act. The PSSE supports the eval uati on agai nst our proposed
10 CFR 963 requirenents. So that's kind of how the docunents
fit together.

The techni cal documentation, this information down
here, includes our TSPA, our Analysis and Modeling Reports
and Process Mdel Reports, our System Description Docunents,
our Draft Environnmental |npact Statenent and the Suppl enment,
the Prelimnary Site Suitability Evaluation, the Yucca
Mountain Site Description, the Prelimnary Pre-closure Safety

Assessnent, and the Suppl enental Science and Performance

Anal yses Report, which is still not conplete.
One of the things, and Bill will go into nore
detail as to what the SSPA does, but | want to nmake one point

here. One of the things that the SSPA evaluates is it

eval uates the effects of the thermal operating nodes on
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system performance. |In DOE sel ecting, eventual section of a
t hermal operating nodel, we will consider other issues that
are not in the SSPA. W wll consider design paranmeters. W
wi || consider preclosure safety, consider econom c costs,
timeframes for construction, operation, and so on. All these
things wll have to be considered by the Departnment before it
sel ects an operating node.

In the letter to the Board on May 30th from Lake
Barrett, we have prom sed that we will produce an integrated
eval uati on and conparison of the options prior to the SR
decision. That will be the status of where we are at that
time. It won't contain any new information, but it will pull
together all the informati on we have produced in a way that
wi || be nore understandable to the Board and to the public.

So, that was ny introductory statenent as to how

t he docunents fit together, and ny intent now was to turn it

over to Bill, who will now focus on the SSPA.

BULLEN. Steve, we'll just hold questions for you at the
end.

BROCOUM  Ckay.

BULLEN: And wait until both presentations are done.

Bill, do you want to just go ahead and hop ri ght

in, or however you want to do this?

BOYLE: Yes. And if it's okay with your technical
peopl e over there, |1'd just as soon nmake the presentation
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fromhere, if that's all right.
BULLEN: However you want to do it, that's fine.
BOYLE: Okay. Al right, thank you. And thanks for
this opportunity.

As Steve has nmentioned, I'll focus in on the SSPA,
in particular, out of all the things in that pyramd. And
t he Suppl enental Sci ence and Performance Anal yses, the
pur pose was to document new results, and these five bullets
conme out of the technical work plan for the docunent. There
they are. Rearranging them if you will, as | talk about it,
we have been continuing to do work, so we had sone new
science and we've had an ongoing effort to quantify
uncertainties and conservatism And we al so were
specifically looking at the effects of coupled processes over
a range of thermal operating nodes, and a | ot of that
material is docunented in Volune 1. And in many of the
sections of Volume 1, we also summarized nultiple |ines of
evi dence to back up this new science, or quantifying the
uncertainties.

And then the new data, the new science, the
different nodels, were eventually translated up into TSPA
itself for system and sub-system sensitivity anal yses, which
in turn shed light on the quantification of uncertainties and
conservatisnms. So the purpose of the report was to capture

all these new sci ence nodels and a new TSPA.



© 00 N o o A~ w N P

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

18

So, the docunent exists as two separate vol unes,
Volunes 1 and 2. | always find it easier to tal k about
Volunme 2 first, and it's updated TSPA, a suppl enental TSPA
nodel , a higher thernmal operating node TSPA and a | ow
tenperature operating node, full TSPAs for both operating
nodes, and acconpany sensitivity anal yses. And those new
TSPA cal cul ations are prem sed upon the information that's in
Vol une 1.

Now, those tic marks, the three tic marks in Vol une
1 correspond to the colums in the table that were presented
at the May 8th and 9th Board neeting as to the notivating
factors for the new information in Volune 1. And the two tic
mar ks under Vol une 2 correspond to the right-nost two col ums
in that table, whether sensitivity anal yses were done or
whet her the new information got into the suppl enmental nodel

Prof essor Bullen nentioned the Board's four
priority areas. Now, the work, which are listed here, these
were copied fromthe Board' s website and pasted in here. |
t hi nk neani ngful quantification of conservatisns and
uncertainties; progress in understanding corrosion; an
eval uation of the base-case repository design in conparison
to a |l ow tenperature design; and devel opnment of the nultiple
I ines of evidence.

And as |'ve already nentioned, the SSPA has work

that relates to these four priority areas, but the docunent
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itself is not structured around these four areas explicitly.

Li ke you won't find a chapter that deals, other than with
the case of the waste package, that deals with each of these
bull ets. The docunent was structured instead, the SSPA is
structured |ike many of our other technical docunents, what
happens to a drop of water as it noves through the Yucca
Mountain system So it's laid out by typical technica
chapters, as you'll see in the follow ng tal ks during the
next two days.

Now, one of the handouts that was nade avail abl e

over there--well, there were two handouts nade avail abl e.
|'ve already referenced the table, and 1'I|l conme back to it.
This was avail abl e over there. But there was al so anot her
docunent called Roadmap to Draft SSPA Volunme 1, Rev. OOE and
Vol une 2, Rev. 00B. And you can use the table to try and
figure out what parts of the SSPA dealt with the Board' s four
priority areas of concern. But rather than nake peopl e do

t hat thensel ves, that's what the roadmap does. People have

| ooked--the roadmap has the sane technical content as the
table. It's just been rearranged around the four priority
areas of concern.

So if there's sonebody that's interested in one of
the priority areas nore than another, they can go and | ook at
it, and it lists, first of all, there's generally a brief

concl usi on about what did we learn fromthe SSPA with respect
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to the priority area, and then there's a listing of the
sections of the SSPA that provide the basis for the
concl usi ons.

So, in these next four slides, I'"'mgoing to briefly
summari ze sonme of the conclusions that can be drawn fromthe
SSPA with respect to the four priority areas of concern, with
the intention that I'Il give you sone of the conclusions up
front here. And during the next day and a half, you'll hear
a lot of the details that will back up these.

And, today, in Peter Swift's talk, you'll see the

TSPA cal cul ati ons from whi ch these concl usi ons can be drawn.

But 1'd like to draw attention to the--it deals with the
nom nal performance. You know, Peter wll talk sonme about
di sruptive events, but these conclusions only deal with

nom nal performance.

| think you'll see in the SSPA and al so over the
next day and a half, that supplenental nodel, the SSPA nodel
shows significantly w der ranges of doses at any given tine,
and tinmes to reach given doses.

After the first 10,000 years, the base case nodel
that is the TSPA Rev. 00 ICN 1, results of |ast Decenber
t hat base case nodel appears to be conservative. That was
al ways the claimof the project, that we had a conservative
nodel by using bounds, and the conservatismis shown in that

the magni tude of the dose is less for the supplenental nodel
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and it occurs later in tine.

Now, during the period prior to 10,000 years, the
suppl enental nodel, the SSPA nodel, nean results are |ess
than that small nunber of mllirenms per year, while the base
case nodel from |l ast Decenber, those results, the dose rate
is zero. So, even though the difference between the nodels
is very small, .00006 mlIlirens per year, the base case node
fromlast Decenber appears to be slightly non-conservative,
if you will, because its dose was |ess, and now we have a
hi gher dose, although an exceedingly small one.

But with respect to conservatism | think people
shoul d al ways keep in m nd conservative with respect to what.

As defined here, the supplenental nodel is, you know-or the
base case nodel is conservative for after 10,000 years, but
arguably | ess conservative, although by a small anount. But
with respect to the regulation, the 15 mllirens per year in
t he EPA regul ation, even before 10,000 years, the results are
conservative

| think over the next day and a half, we'll show
you that for the thermal operating node, the high tenperature
versus | ow tenperature operating nodes, significant
di fferences are observed at sub-system | evel for some nodels.

Bob MacKi nnon and JimBlink will show that. And also that
the system |l evel performance, you'll see this a nunber of

ways, are essentially the sane at the TSPA system | evel for
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the high and | ow tenperature operating nodes.
Over the next day and a half with respect to
corrosion processes, you'll see that in Volune 1, there was a

framewor k devel oped for--Volune 1 of the SSPA--for a

1

2

3

4

5 conceptual nodel of long termpassive filmstability.

6 We al so have new information that inproved

7 confidence in paranmeters and nodels related to stress

8 corrosion cracking and agi ng and phase stability. And we've
9 now i ncluded nodel of tenperature dependence for general

10 corrosion.

11 Multiple lines of evidence. Now, this is sonething
12 that | personally believe that many of the scientists and

13 engineers on the project have always done. But perhaps we
14 just haven't done a very good job of explicitly docunenting
15 the multiple lines of evidence. WelIl, the SSPA has many

16 sections in Volunme 1 in an attenpt to docunment the multiple
17 lines of evidence that back up what we're doing. So,

18 nultiple lines of evidence were identified for nost process
19 and sub-system | evel nodels, and you'll find that in Vol une
20 1. And these nultiple lines of evidence are independent of
21 the TSPA itself.

22 So, I'"'mcom ng back to the sunmary table, which had
23 been shown at the last full Board neeting May 8th and 9th, a
24 version of it was shown. |It's available as a handout over

25 there on the tables. You'll see that it's from Rev. OOE
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It's not a finished product. |It's still a draft.

During the course of the next two days, you'll see
variations on this table. Sonme of the presenters that follow
after me have used excerpts fromthe table, if you will, to
suit their own purposes. They may have even added sone
information to it. But in the end, there will be a final
product of this table in the docunment.

| just want to nmake sure that everybody understands
that SSPA, the first S stands for supplenental. It was never
meant to be a stand-al one docunent for all time. There wll

be followon work. At the May 8th and 9th neeting, you heard
about the replan effort that Bechtel SAIC submitted to the
Department. And as part of the Departnent's review, we have
requested that those first three bullets be addressed during
the rest of the year.

Exerci se the suppl enmental TSPA nodel to try and get
nore insight fromit that's not already in the SSPA. Data
collection and analysis will continue, and we will have an
update on what we've |learned during the course of the sumrer.

And we will--we're asking for devel opnent of gui dance on the
treatment of uncertainty.

Those first three bullets will have sone
docunentation in the autumm tinme frame to be referenced in
Progress Report 25.

The next two bullets, | think you' re aware of both.
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The corrosion processes peer review is started. The week on
Friday, the International TSPA Peer Review will neet here in
Las Vegas, the | AEA NEA Peer Review, and we shoul d have sone
input fromthemprior to site recomendati on, at |east sone
initial input.

And then the last bullet represents what Abe and |
have brought up every tinme we've tal ked about our treatnent
of uncertainties. [It's an ongoing process to nanage,
communi cat e, assess and anal yze uncertainties. It doesn't
stop with this effort.

And al t hough | used four bullets to do it,

Prof essor Bullen covered the sanme technical content, but he
[unped it into three areas. After |I'mdone, you'll hear an
overvi ew and introduction of the SSPA from Rob Howard for
Volunme 1, and Peter Swift for Volume 2. And then over the
remai nder of today and the beginning of tonorrow, you'll hear
a lot of details on the process nodels, which represents the
material in Volune 1. And then you'll hear from Bob Andrews
tonmorrow as to what got into the total system performance
assessnment, and you'll hear fromM ke WIson as to the
results of the TSPA.

And then that will be followed by four tal ks, Kevin
Coppersmith and JimBlink and Ardyth Simons and Jerry
Gordon, to address each of the four priority areas and what

the SSPA tells us about those four priority areas.
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And | believe that's that.
BULLEN: Thank you, Steve. Thank you, Bill

Questions fromthe Board? Well, actually I'll |ead
it off because | do have a couple, and I'm not using
Chairman's prerogative now. |'mjust asking questions from
nmy perspective.

Steve, you nentioned that the sufficiency
requi renment for the NRC requested a response by the 1st of
Oct ober ?

BROCOUM That's correct.

BULLEN: Did you get a response fromthe NRC as to
whet her or not you'll actually hear by then?

BROCOUM We had a manager neeting | ast week, and they
said they will do their best to neet that date, although they
pressed us for our dates, which we were not able to give them
exact dates for the SSPA and the PSSE, but they said they are
wor ki ng hard to neet the Cctober 1st date.

BULLEN: Bul |l en, Board.

As a followon to that, the conmment period for the
suppl enent to the draft environnental inpact statenent is
out. Does that suppl enment adequately address the

nodi fications and design that are covered in the SSPA?

BROCOUM | don't know if you can adequately, but
think it bounds the nodifications. | think that's what the
El S people would tell you. | don't know if there's any EI S
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person here. But they bound what's in the SSPA
BULLEN: Actually, | have one nore question for you,
St eve, because you nentioned that the selecting of a therma
operating node for the repository was going to have ot her
paraneters, and that you were going to give us an integration
of how those paraneters m ght work. But will there actually
be criteria or weighting factors or an anal ysis that
descri bes the actual process of naking that decision?
BROCOUM  The report that we'll give you before SR will
be a status of where we are at that time. The actual
selection will probably occur post-SR and pre-LA, and that
wWill--we haven't laid out exactly how we're going to do that
sel ection, but ny guess is it will address a lot of the
i ssues you just asked. In other words, it will have criteria

and stuff like this. But we don't have it yet scoped out.

Wen we do, we'll be glad to tell you about it.
BULLEN: Ckay. Bullen, Board. One nore. | have a
question for Bill, too.
You mentioned the International Peer Review for
TSPA that's commencing this week, and you've got some very

new and exciting or interesting results, it looks like, in

the Volunmes 1 and 2 of the SSPA com ng out. VWat will the

I nternational Peer Review see and how wi |l they respond?
BOYLE: You know, I'mnot that involved with it. |

think Peter may talk to themon Friday, or there nust be
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sonebody in here, or Bob Andrews | know is in the room
don't know if the SSPA results are going to be presented.

BULLEN: | can defer that question, because |I still have
a day and a half to get the answer. So I'll wait and maybe
there will be a nore appropriate tinme to ask.

But as we see new PA results, and you've

incorporated a review froman international panel of em nent
experts, | guess the question is what will they see, and how

will they be provided the opportunity to give you a response

to that?

BOYLE: Yeah, I'd be interested. Like | said, | don't
know t he answer, but sonebody nust, and I'll be interested to
hear it nyself. 1Is it just the base case?

BROCOUM Abe is in the field today with sonme of the
menbers of that panel. But we'll try to talk to Abe and see
exactly, because Abe is the point of contact with that group.

BOYLE: But | can tell you ny guess is that when this
started, the paperwork, you know, they nust have been asked
to review sonething specifically, and when they were asked,
the SSPA didn't even exist. So ny guess is that there's a

chance it may focus in on the Rev. 00 | CN 1.

BULLEN: Thank you. Questions fromthe Board? Dr.
Wong?

WONG | just have one question. The NRC noted sone QA
problenms with your nodels and data. What inpact do you think



24
25

28

this has on increasing confidence to this nmechanism or what
are you doi ng about addressing those probl ens?

BROCOUM At the managenent neeting, Nancy WIllians from
BSC gave a fairly detailed presentation of the four different
types of reviews that BSC has undertaken to | ook at the data.

Also, | think we told the NRC at that neeting that we wl|
present an inpact analysis on about August 15th as to what

i npact we have for data that isn't qualified on results we've
been getting.

BOYLE: And the concerns that the NRC has expressed were
not--they were expressed about other docunents, not about the
SSPA itself. But we're even, just to nake sure that there
aren't problens related to the SSPA and ot her docunents,
that's why there are these reviews that Nancy WIIianms
described at |ast week's neeting, vertical reviews to nmake
sure that when docunents reference each other, that they're
coherent, and al so, you know, vertical within a docunent, but
al so horizontally across from docunent to docunent.

WONG  But the problenms with those docunents and the
data that's contained in those docunents don't feed into the
SSPA?

BOYLE: | would have to defer to sonebody, in particul ar
with respect to the TSPA, was there one of these glitches or
di screpancies that the NRC noticed, has it been carried

forward into the SSPA TSPA, but |'d have to defer to Peter or
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sonmeone else nore famliar with all the details of the TSPA
SWFT: Do you want nme to say sonething on that?
The short answer to that--
BULLEN: Peter, identify yourself, please.
SWFT: [I'msorry. Peter Swift, BSC, TSPA Departnent.

The short answer to that is that no, the problens
that were identified in the TSPA Rev. 0 nodelling have not
been carried forward. W have, in fact, corrected them
Most of themwere identified back during the winter, and we
wor ked t hrough them sonme nont hs ago.

BULLEN: O her questions fromthe Board? Questions from
Board Staff? Dan Metl ay?
METLAY: Dan Metlay, Board Staff.

Now, these is a question for Steve. | didn't quite
under stand how the SSPA is going to fit in or not fit into
your prelimnary site suitability evaluation. Since the
Draft 963 is largely a TSPA reliance regul ati on, which TSPA
are you going to use? The one that's in the TSPA-SR or the
one that's going to be published in Volume 2 of the SSPA?

BROCOUM | think we're using both, because we're trying
to ook at a range of tenperatures, you know, the high end
and the low end. So, for the high end, we're depending on
nore or less TSPA Rev. 0 ICN-1, and for the |low end, we're
dependi ng on the SSPA, | guess Vol une 2.

METLAY:  Well, now |I'meven nore confused. |[If SSPA is
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in fact represents the Departnent's nost current thinking of
the state of the art, why wouldn't you use the two TSPAs t hat
are in Volunme 2 of the SSPA?

BROCOUM Because those are not conplete TSPAs. Those
are just nodifications of the original. Am]l saying that
right, Bill? Extrapolations of the original TSPA

BOYLE: Yes, you could view it extrapolations, or
extensi ons, but we haven't noved away fromthe Rev 00, |CN-1.

W' ve just supplenented it, you know, made nodifications to
it to gaininsight. So |I would say personally, as the
docunents that Steve had showed, we're in a sense relying
upon all of themto gain insights over a range, the Rev. 00
and then the two that are in the SSPA.

METLAY: Let nme just say one thing. | think, though,
the results, for exanple for the high end of the tenperature
range, though they may not be identical in, say, Volune 2 of
the SSPA and the TSPA, will give you simlar, or alnost
identical results and conclusions for the PSSE.

BULLEN: O her questions from Board Staff?

Seei ng none, and seeing that we have a little bit
of time, we have a question fromthe audience that 1'd like
toread. This is fromM. MGowan. The first question is,
"WIIl the cylindrical drifts in the repository be lined with
concrete, and if not, why not? And | can see a finger of

bl ame being pointed at the Board right now, but I'Il let you
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guys answer that.

BOYLE: To the best of ny know edge, we don't have the
concrete in there anynore, and | don't even renenber why. |
know there was the pH issue, the high pH was a concern. But
it's not in there now.

BULLEN: So the current base case design basically for
ground support has essentially steel sets and rock wall nesh
as necessary?

BOYLE: That's my under st andi ng.

BULLEN: Ckay. The second question from M. MGowan is
since DCE requires nore than ten nonths to conplete the SSPA,
why shouldn't the public comment period extend for ten
nmont hs, consistent with the provisions of Section 1 of the
Fourteenth Amendnent, equal access, equal protection?

BROCOUM | think we opened the comment on the site
recommendati on process and docunents on May 4th, and it's
ongoi ng today, and we haven't announced when that coment
period will close. So, the comment period | think opened My
4th. Have | got the date right? | think it's May 4th, and
it's going on today, and it will go on until we announce it's
going to close. So we haven't announced when it's cl osing.

BOYLE: A mnor clarification. As | heard you read the
question, it was stated that the SSPA had taken ten nonths,
which that's--1 nmean, we have a | ot of docunents and a | ot of

acronynms, but the SSPA was created essentially |ate February,
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early March. So it hasn't been around for ten nonths.

BULLEN: Ckay. Well, | didn't want to get into an
argunent about semantics--

BOYLE: No, no.

BULLEN: --of timng. But it's a valid question about
comment periods, and | thank Steve for telling us that the
comment period is still open.

Any ot her questions fromthe Board or staff? |If
not, the Chairman's prerogative is to forge ahead six m nutes
early and ask our next presenter, M. Rob Howard, who seens
to be up and ready in the bullpen here, if he's ready to go.

And, M. Howard is actually the integration nmanager in the
Sci ence and Anal ysis organi zati on of the Managenent and
Qperations Contractor, BSC, and he's worked on the high-Ievel
radi oacti ve waste nmanagenent programin several areas,

i ncludi ng performance assessnent, design, data and software
qualification and quality assurance. Rob?

HOMRD: ['mgoing to tell you about the scope, content,
and give you a little bit of summary on Volunme 1, which is
the scientific basis for what Peter Swift is going to talk
about with the scope and content of Volunme 2. | amactually
t he responsi bl e manager for the devel opnent.

Vol une 1 covers the major processes expected to
occur at Yucca Mouuntain, and it supplenents the information

described in the Anal yses and Mbdel Reports and the Process



© 00 N o o A~ w N P

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

33

Model Reports that we put out |ast year.

The subjects, as Bill Boyle alluded to, are
organi zed in a manner simlar to the way information was
organi zed in the Science and Engi neering Report. So we
organi zed this docunent the way our thought processes
typically work when we think about these subjects, and | know
that can cause sone difficulty when we're trying to discuss
the Board's four priority issues, but we organized it around
our thought processes.

It focuses on the technical work within each
process nodel area. |t enconpasses uncertainty
guantification, updates scientific bases, and anal yses of a
range of thermal operating nodes.

Wth respect to unquantified uncertainties,
specific uncertainties that were not treated explicitly in
the anal ysis, nodel reports and the process nodel reports
that were summarized in the science and engi neering report,
we' ve quantified sone of those, including where we had
par anet er bounds, different conceptual nodels and
assunptions, and in sonme cases, input paranmeters that were
statistically biased or skewed.

Scientific informati on updates include new
experinmental results that we've obtained over the |ast
several nonths, new conceptual nodels, new anal ytica

approaches, and the identification and discussion of multiple
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I ines of evidence.

And the thermal operating node anal yses in Vol une
1, it includes the process |level information regarding
t hermal dependenci es, and how the process responds to therna
inputs, and the inpacts of uncertainty on those processes.
So, we were | ooking at the process |evel information, coupled
processes in the rock, coupled processes in the drift.

What the docunent |ooks |like, there's a big three-

ring binder that Bill's holding up, that's what it |ooks

like. That's a lot of information that's produced in a
relatively short time. It was shorter than ten nonths.
Sections 3 through 14 include a sunmary of the concept ual

nodel s that were used as a point of departure that were
described in the science and engineering report. Sections 3
t hrough 14 include the bulk of the technical information.
The specific content and | evel of detail in each
section is variable, and it depends on a nunber of factors,
i ncluding the extent of the anal yses that have been perforned
to date, the anmount of new information and data that we've
collected in the particular scientific discipline, and the
anmount of information necessary and required to eval uate the
range of thermal operating nodes.
There's sone process nodel areas where we didn't
have to do a whole lot to address that third issue and,

therefore, they're relatively silent on that. And each
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section contains a sunmary of information and recommendati ons
for use in Volune 2, if that informati on was appropriate to
be carried forward.

Just to give you a little pictorial of the issues
that we do cover, and we will talk about climte and
infiltration, unsaturated zone flow, coupled processes within
t he nountain, coupled processes within the drift. Bo is
going to tal k about seepage quite a bit, waste package

degradati on, waste form degradation, nobilization and

transport within the EBS, unsaturated zone transport,
saturated zone transport, and bi osphere, and there's al so
information that we've devel oped on disruptive events that
will help us evaluate inpacts of different repository
footprints, along with some other sensitivity information.
This is a nodification of the table that Bill was
di scussing earlier. |1'mnot going to go through each one of
these things. | do want to point out how the information is
arranged. We have where the information is contained in

Vol une 1, what sections are relevant to the particular issue

grouped al ong, you know, the subject areas that we're
attenpting to address.

|"ve al so, at the request of some commenters, put a
"T" in here where we have tenperature dependencies in the
nodel. So that gives you sone insight into where we've
actual ly used tenperature dependencies in the nodel to
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eval uate the range of thernmal operating nodes.

As an exanpl e of sonme things where we used therma
operating node, we needed the information for therm
operating node evaluation and may or may not have a "T" in
it, if you look at 3-Dflow fields, I don't have a "T" there,
but Bo's team devel oped a | arger nodel domain to account for
| arger footprints. That in and of itself doesn't have a
t enper at ure dependency, but we used that information at the
process level to evaluate the range of operating nodes.

Bo is going to go through a ot of the details on
the coupled effects on UZ fl ow and seepage into the drifts,
and coupl ed effects on seepage, and he's got tenperature
dependenci es.

Bob MacKi nnon is going to be tal ki ng about
performance of the engineered barrier systemthis afternoon.

W' ve got tenperature dependencies in those nodels, as well.
And when | put a tenperature dependency, |ike for the
evolution of the in-drift chem cal environnment, the
t enper at ure dependency m ght not be a direct tenperature
dependency, but we m ght have a tenperature dependency that's
related to pH, for exanple, and the pH varies as the
tenperature varies, and that is what |'ve included in there.
So that you can actually see a difference in sone paraneter
It may not be a tenperature that you're seeing a difference

in, but sonme other paraneter that's driving the systemthat
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we | ook at.

We do have information on | ocal chem ca
environnments on the surface of the drip shield, and we' ve got
tenper ature dependencies in there. Aging and phase
stability, | believe Joon Lee and G eg Gdowski are going to
be tal ki ng about sonme of the waste package issues tonorrow.

You'll note that | do have an "X" in here for
stress corrosion cracking, where we actually | ooked at, you
know, is there a tenperature dependency that we could find
for stress corrosion cracking, and that's discussed in Vol une
1, but we couldn't find the tenperature dependency, so |
didn't put a "T" there.

We' Il tal king about claddi ng degradation. Pat
Brady will be tal king about that tonorrow, as well as other
waste formissues, and there's tenperature dependencies in
there. Bob MacKi nnon m ght be touching on sone of these EBS
transport issues as well.

Tonmorrow, JimHouseworth will be tal king about UZ
transport and the work that we've done in the SSPA Vol une 1
with respect to UZ transport. Bruce Robinson is going to be
tal king about SZ flow and transport and sone additional work
we' ve done in that area. Not in these three particul ar
colums, but there is information that we are putting in the
SSPA trying to gain sonme additional insights with respect to

40 CFR 197. That regul ation was issued a week or two ago,
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and we're taking a look at that, and we're seeing if we can

provide a couple of additional insights with respect to what
the inplications are of that regulation, and how we m ght go
about eval uati ng system performance.

Bi osphere, you're not going to hear a talk on
bi osphere this week, but we did do sone additional work in
that area to address unquantified uncertainties. There's
al so going to be sone additional work included in Section 13
to take a ook at the 40 CFR 197 inplications there as well.

Di sruptive events. W |ooked at vol cani sm and
seismc activity. W do have sonme updates in the scientific
information there. Again, we're not going to go into a whole
| ot of detail in the next couple of days. Qur disruptive
events teamis working on a technical exchange with the NRC
this week, so they're tied up doing that.

What have we | earned? Soneone said it would be a
shame if | presented all this material and couldn't cone up
wi th any conclusions about what it is we learned. So |
t hought about it a little while, and one of the things we
|l earned is that the quantification of uncertainties has
i nproved our understanding of both conservatisns and the non-
conservatisns in our process nodel representations. Bil
gave you a little bit of a hint about sone of those issues in
hi s di scussion this afternoon.

Reduction of uncertainties can cone from operating
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at either end of the thermal range, and it depends on the
nodel of interest, and in sone cases, it may even depend on
the tine frame you' re | ooking at.

The post-closure inpacts of a range of thernma
operating nodes and a variety of operating node
configurations can be eval uated by sel ecting appropriate
thermal initial conditions for the nodel representations.
And JimBlink is going to be talking a little bit about that
tomorrow afternoon. He'll have sone thermal curves he can
show you where we | ooked at a couple of different operational
configurations to satisfy ourselves that we could represent
the thermal inplications of the operating node by just
selecting the initial conditions. There were sone questions

about whether or not we were going to be able to get at sone

meani ngf ul answers there, and I think we've convinced
oursel ves that we nade the mark. So that's a useful piece of
information, at |east fromny respect.

Wast e package degradati on eval uations with respect
to thermal operating node nust consider thermal dependencies
and the local chem cal environnent. |It's not just a
tenperature, hot, cold, warm cool issue. |It's the
associ ated processes that go along with it. It's not just a
tenperature issue. And Geg and Jimw |l be tal ki ng about

sone of that tonorrow.

Capturing multiple lines of evidence is a useful
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exercise in inproving our understandi ng of repository
performance. | agree wth Bill. W do that as scientists
and engi neers. W have been doing that. W haven't done a
very good job at all of articulating it, either to ourselves
or to other people, but it is part of our thought process,
and this aspect of the docunent devel opnment was good to do.
It was a healthy exercise for us.

The Suppl enental Sci ence and Performance Anal ysis
is not the end of the story. It provides a point of
reference for continuing work, and Bill touched on that. It
is, you know, where we are today. There's a |ot of
information in Volume 1. | can tell you that putting the
docunent together and seeing the results was nore than
expected in nore than one way. There's a |ot of good
information in there. I'msatisfied with the docunent.

bel i eve that we've gone a | ong way towards working on the

issues that the Board has identified, as well as issues that
we've identified ourselves. [It's a good piece of work, and
" m 1l ooking forward to getting it off of ny desk.

BULLEN: Thank you. Everybody is studying very
diligently, so again with nmy Chairman's prerogative, | get to
junp in.

| also had a copy of that 1300 page docunent.
Unfortunately, | just carry around the pictures. So | have
the table figures at the end of it, and | have a question



© 00 N o o A~ w N P

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

41

about sonme of the consistencies associated with the nodels.
Specifically, harkening back to a couple weeks ago, there was
an introduction to the Waste Package Materials Peer Revi ew
that's being done. And taking a |look at, for exanple,
predicted tenperatures and relative humdities in the
repository as a function of tine, during the preclosure
ventil ation period, for a nunber of the figures, including
sonme figures that are in here, there is an increase in
relative humdity during the ventilation period. And | guess
the question that | have is why? And is that an

i nconsistency in the nodels, or is there sone inpact that |
don't understand that may actually be happening as you dry

t he rock out?

HOMRD: Dr. Blink, will you help ne with this question?

| don't want to botch it.

BLINK: JimBlink, LLNL. Dan, would you say one nore
time what you observed and what figure nmaybe?

BULLEN: In a few of the figures here where they take a
| ook at tenperature versus tinme, and then they al so plot
coherent with that, relative humdity, whether it be for the
hi gh tenperature or the | ow tenperature operating nodes.
During the first 50 years, the relative humdity appears to
be increasing. And | guess the question is why? Because as
the enpirical observation of being in the nountain when you

blow air through it, it's pretty dry, and so why woul d |
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expect the relative humdity to be any different in a
ventilated repository that's operating, waste packages or
not, than what | see in nature now? Wy does relative
hum dity go up during the 50 years, is the question?

BLINK: The relative humdity is initially set at 30, 35
percent, sonething like that, by the ventilation air. It
then drops as the tenperature goes up, because the
denom nator of the relative hum dity equation increases. And
then it slowy rises as water cones out of the rock and
vaporizes into the stream That's a relatively small effect,
and the humdity at the exit of the ventilation stream
considering the higher tenperature, is still a |ower nunber
than the inlet.

BULLEN:  Okay.

BLINK: So | don't think it's going up.

BULLEN: Well, that's exactly what | would expect. But
maybe we could tal k about specific figures sone other tine.
But it's just one of those anomal ous representations that is
in here that makes one wonder how self-consistent all the
nodel ling is.

BLINK: Show ne the figure at the break.

BULLEN. We'll talk about that a little bit later. But
it's just, you know, one of the issues that you see where,
and a great deal of work has been done and I've really got to

conplinment you on putting together 1300 pages that's hard to
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get through. But | guess the point that | want to nake is
that you built good nodels, you' ve identified where the
thermal , additional thermal dependencies are. The next

| ogi cal followon question is are there data to support the
nodel s with the thermal dependencies, and if so, did you have
it, or do you need to get nore? And you notice that this is
just a point in tine here, or a point of reference for
continuing work. Does that continuing work include the

requi renent for additional data, and how are you goi ng about

getting it?

HOMRD: Well, yeah, the work plans do include going
about getting additional data, and Bill touched upon that.
That's one of the nore inportant aspects of our plan, that

the data that we're going after, or data that we need to
support our analyses, and in fact, you know, once we digest
all of this information, because quite frankly we haven't
finished digesting all the information, we'll be |ooking at
that for what additional data needs we need to support these
nodels. It isn't the be all and end all. | nean, science
does have to be backed up by the experinents.

BULLEN: Bullen, Board, again. Then do you think you'l
have sufficient data to satisfy the NRC s sufficiency
requirenent, or will the data, forthcom ng data be necessary
to support it? | ask either of you. Rob, if you want to

take a shot at that?
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BROCOUM We're on record with a letter to the NRC
think in Novenber or COctober of '99 on what they shoul d base
their sufficiency on. That letter had attached to it a table
of all the docunents that we think they should use. Al of
t hose docunents have been delivered to the NRC. So, from
where we started in '99, you know, we think we net that
comm tnment we nmade to the NRC at that tine.

BULLEN: Bullen, Board, then a quick follow on question.

That inplies that the SSPA was not one of the docunents that
was to be the basis for the sufficiency requirenent?

BROCOUM That is correct. That was in '99. W hadn't
even got a--on the SSPA at that tine. But the NRC was pretty
cl ear at the managenent neeting |ast week they would like to
see the SSPA, and any other technical docunent, prior to

their making a sufficiency--so they will obviously reviewthe

SSPA.

BULLEN: Thank you.

BROCOUM | don't want to speak out of turn for the NRC

BULLEN: That's fine. |I'mjust trying to finalize it.

O her questions fromthe Board? Dr. Parizek?

PARI ZEK: Pari zek, Board. On Page 13, the mddle
bull en, | probably need some exanples of this. It seens |like
you coul d take reductions of uncertainty either with the warm

or cold repository, in which case the uncertainty issue just

falls out. You gain ground either way. There would be other
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reasons then for picking the repository design other than
tenperature, because of uncertainty. R ght? Can you
el aborate on what's neant there?

HOMRD: Yeah. | won't elaborate too nmuch because |
don't want to steal anybody else's thunder. Bo Bodvarsson is
going to be tal king about sonme seepage nodel s where the
t hermal dependenci es he | ooked at are in the higher
t enperature operating nodes, we didn't see any seepage. \Wen
you go to the | ower tenperature operating nodes, you do see
seepage early on

And then, you know, with respect to the | ower
tenperature operating nodes, you're | ooking at reducing the
uncertainty in the rates of corrosion for general corrosion
if you, you know, take into account the Arrhenius
rel ati onships that we have with the tenperature dependency
for the general corrosion rates. Those are, | guess, two
exanples on either side that I would point to that say it can
be dependent. It's a useful piece of information for us.
mean, it's not, you know, |'mnot prepared to say, well, what
woul d you do with this?

| s either one of those a determ ning decision
factor for selecting an output node? | would say absolutely
not. There's a |lot of other things that have to be
consi dered before you can go there, and Steve outlined sone

of those. But the performance inplications, | know that
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there were thoughts that if you go cooler, that you're going
to actually reduce uncertainties. And in sone cases, yes,
that's true. That's not true for all cases.

PARI ZEK: It just helps clarify the benefits for either
desi gn.

HOMRD: Right.

PARI ZEK: Either hot or cold.

HOMRD:  Yes.

PARI ZEK:  And then kind of weighs in with other
vari abl es that conme into play.

HOMRD: Right.

PARI ZEK: On Page 14, the m ddle bullet again, on the
multiple lines of evidence, did you get different input from
scientists versus engineers in this process of going through
your nultiples of evidence? From a geol ogical point of view,
we see all sorts of things they do in the field, and we're
al ways wei ghi ng, you know, the benefits of sone observations
over others, and so on. But from an engi neering point of
view, did you get simlar kind of input fromthe engineering
community or fromthe materials people? You either have
nmetal s or you don't have netals, or either they corrode or

they don't corrode?

HOMRD: |'m an engineer by training, and | certainly
don't think that kind of bipolar, if you will, I mean | don't
think it's an either or process, and the engineers that |
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work with on the project don't think of it in those terns.
They do think of, you know, well, what is it we've done in
the past that can informus about the future. | nmean,
there's a great book by Henry Patrowski called "Design
Par adi gns" that tal ks about failures and errors in judgnment
in engineering history and, you know, it's one of those books
t hat engi neers shoul d be reading.

And, you know, | think a |ot of engineers on the
project, including nyself, have read it several tinmes. It
tal ks about, you know, when you're buil ding sonething, you

desi gn sonmet hing, you go back to previous designs to inform
that. | nmean, you don't--you could start cold, but that's
usual | y not how engi neers approach problens, just like
scientists approach problens, they build on what's done in
the past to informwhat it is they're going to do in the
future. The thought process is there. 1It's just not
articul ated, and that was what we're doi ng now.

PARI ZEK:  Thank you. That hel ps.

BULLEN: O her questions fromthe Board? Dr. Wng?

WONG  Jeff Wbng, Board.

Goi ng back to your previous slide, if | can, just
inrelationship to the reduction of uncertainty. D d the
reduction or your feeling that there was a reduction actually
conme about because you had new i nformation or new data or

better nodel, or did the reduction cone about because you
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sinmply used a narrower band of input paraneters?

HOMRD: | don't think it cane because we used a
narrower band of input paraneters. And |I'mgoing to ask Bo
maybe to touch on it when he hits sonme of his topics |ater
today. But | think for the nost part it cane from you know,
we pushed these nodels. W pushed our thinking on them
where we said we were going to try to be conservative in the
past, we pushed it and we | ooked at new data off the project
and pushed the input paraneters, not trying to, you know, get
narrower, but really look at, you know, what was available in
the world to us to address the issues.

So | think it has nore to do with the devel opnent
of the thinking and the nodels and exercising the nodels for

the operating nodes than it had to do with just trying to

squeeze the band. | don't know if that answers directly your
question. | don't think it does, but I'mhaving difficulty
with that.

WONG  You know, did you actually use new data, or did
you have a better understanding of the data that you had so
you were able to constrain that data, or constrain the nodel ?

I"'mtrying to get at how you achi eved your reduction of
uncertainties.

HOMRD: 'l let you ask that question for the guys
t hat devel oped the detail ed process nodels.

WONG Al right. Fair enough.
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HOMRD: [|'ll exercise ny nmanagenent prerogative.

BULLEN: O her questions fromthe Board? Questions from
Board Staff? Carl D Bella?

DI BELLA: Yeah, this is Carl D Bella, Staff.

Coul d you go to your Page 8, which was a table? I
have a question I'mnot sure whether it is about the headi ngs
of the table or about the entries of the table. But if you
| ook down on the row about hal fway down, there is an entry
t hat says Ceneral Corrosion Rate of Alloy 22:

Uncertainty/Variability partition.

HOMRD:  Yes.

DI BELLA: And then if you |look at the colum that's
| abel | ed Cool er Thernmal Operating Mbde Anal ysis, there's no
"X'" or "T" in that box. Now, can you explain why there's no
"X or "T" in that box? It mght have sonething to do with
t he heading, it mght nean sonething else. It would seemto
me that you would do this analysis.

HOMRD: Yeah. And I'll ask G eg Gdowski or Joon Lee to
correct me if |I get this wong, but what we were doing with
this uncertainty and variability partitioning, the
uncertainty exercise that we were doing there is associ ated
with inplenmenting the waste package degradati on nodel
There's a nodule in there called gal ciumvariance
partitioning, and we had questions regarding what are the

i npacts when we nmake the split between 100 percent
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uncertainty or 100 percent variability in the corrosion
rates, or, you know, 50/50, or 75/25, and we were just
testing that nodul e and the conceptualization of it and the
reasonabl eness of the results with respect to that. It
wasn't a tenperature exercise. It was a nodel inplenentation
of the code exercise for this galciumvariance partition.

DI BELLA: So I'mreading it correctly. You did not do
an analysis of that for the cooler tenperature node of the
partition?

HOMRD: That's correct.

BULLEN: O her questions from Staff?

This is Bullen, Board. |'ve got one nore Board
guestion that | neglected to ask.

You al luded to 40 CFR 197, and its inplications on
the required changes in the performance assessnents that wll
be necessary for SR Are those changes nerely noving the

site boundary, or volunmes of water, or what do you project

t hose changes to be and how difficult will it be to address
t henf

HOMRD: M ke Voegele, sitting in the back there, do you
want to help me with this question?

VOEGELE: This is M chael Voegele.
There are actually about three things in the final
rule that are subtly different fromwhat was in the proposed

rule. One was the site boundary, as you noted. One was the
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anmount of water for the groundwater protection standard. And
one was a slightly different interpretation of the human
i ntrusion scenario.

We are | ooking to understand how t he PA
cal cul ations that we have done to date are inpacted by those
changes in the rule, and we're intending to address themin
t hese docunents.

BULLEN:. Bul |l en, Board.

So those types of calculations are going to be
extremely difficult, or do you think it will be sonething you
can get done in time for SR?

VOEGELE: In the docunents that we're working on right
now, and you have to understand there's another set of
docunents before the SR, what we're trying to do is make an
assessnent of whether or not--how big the differences would
be. W're doing scaling type calculations rather than fully
rerunning the PA calculations. W'I||l have to | ook to running
the PA calculations fully for the next set of docunents. But
there will be an assessnent based on anal yti cal
investigations as to how big the differences are between what
we' ve done and what we will eventually have to do to
denonstrate conpliance with the standard.

BULLEN: Thank you.

Now, we still have about five mnutes left, and

unfortunately | have six questions fromthe audi ence, and so
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|"mgoing to just defer a couple of them but I wll ask a
few fromeach of the people who submtted them
The first one is actually fromMs. Devlin, who

| ooks through all the documents and wonders in these studies
where are the evaluations of mcrobiological influence
corrosion on the new stuff, nmeaning Josephinite and the other
materials. And is there a place we could direct her with
respect to the SSPA anal yses of MC, or are there other
suppl enental works that we should be | ooking for?

HOMRD: Yeah, in Section 6.3, we do have discussions on
m crobi al growth and biological growh within the drift. The
i npacts on corrosion, our nodels for that haven't changed
much over the |last ten years--or excuse ne--over the | ast
year or two. W have in the corrosion nodel, an enhancenent
factor for MC. The conment said sonethi ng about
Josephinite. W didn't do any cal cul ations for corrosion of
Josephinite.

BULLEN: Bul |l en, Board.

Josephinite was one of the anal ogues.
HOMRD: Anal og, yes.
BULLEN. And I'mnot famliar with any of those studies.
But that was 6.3 of Volume 1 or Vol une 2?
HOMRD: O Vol une 1.
BULLEN: Volunme 1. Thank you. That helps nme a lot, and

maybe M's. Devlin can chase that down.
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Wien will this be available for the public again?
End of June, early July? Meaning | can't give away mnmy copy
t oday?

HOMRD: Right. A couple weeks or so.

BOYLE: But to let the public know, as I showed with the
table that's available as a handout, it is a draft. It's not
done yet. Wien it's done, as with all our docunents, it wll
be avail able on our website. |f anybody wants a hard copy,
just let us know, and they can carry this around just as Rob
does if they want it.

BULLEN: Thank you. Another questioner asked why these

presentations are cursory and generalized rather than

i nci sively detail ed.

HOMRD: GCkay. | could give himthe easy answer, and
it's like the Board set the agenda.

BULLEN: | think you're doing the overview, Rob. Right?
This Bull en, Board, again.

HOMRD: This presentation that I made and the
presentation that Bill nade, and in fact the one that Peter
made, are neant to be overview introductory type

presentations. W've got a |lot of detailed information that
we're going to go when we get down at the process level. So,
my only suggestion is to wait.

BULLEN: This is Bullen, Board, because that's actually

a very inportant differentiation between a full Board neeting
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and a panel neeting. |In a panel neeting, we do hope that we
ask the detail ed questions and we get down to the real basis
of the science, and sonetines it may be as though the Board

is droning on and on about a specific topic, but this is our
one opportunity to actually delve very deeply into the

sci ence.

Sonetinmes at the full Board neetings, we
specifically don't ask DOE to be as technically detailed, and
we're | ooking forward to the next day and a half to being
exactly that.

| do have one nore question that | want to ask
before the last mnute is up. And let ne apol ogize to the
ot her questions that were submtted. |If you would Iike these
back to ask them during the public comment tinme, | would nore
than wel cone them or | will read themduring the public
comment tine, if you'd |like that.

Thank you, M. MGowan, because that's a couple of
the questions that I'm m ssing. The other question was
actually for Steve Brocoum which says, "Regarding the
problenms found in TSPA-SR, Rv 0, ICN-1 by the NRS, and Dr.
Swift's cooments that the DOE knew of these problens in the
wi nter, why hasn't an |ICN been issued to cover these
probl ens? Does DCE still plan to use this docunent, given
t he nunerous deficiencies, as its basis for SR? |If not, what

will be used as a basis for SR, and when will the public have
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access to those docunents?

BROCOUM  Multi-part question. | think as they were
devel oping and finalizing, and 1'lIl |look to Bob Andrews to
hel p me here, as they were finalizing the TSPA-SR, they have
an errata file, and that errata file had 30 or 40 itens on it
that they knew of errors. And at that tine, the analysts
went through each of those and deci ded whether it was
significant or not, and at that time, they decided it was not
significant to address at that tinme the issue of the TSPA-SR

The NRC found eight errors, | believe, that they
i nformed us about around May 4th, | guess it was, and sone of
t hose duplicated the ones they have in the errata file. Sone
did not. Sonme were new ones. All those have been revi ewed
as to their significance on the results. | think it's been
determ ned they don't have nuch significance on the results.

However, they are errors.

So, all of that is being | ooked at, and | think

t here has been sone CARs--Bob, do you want to tal k about the

CARs that have been devel oped?

CLARK: This is Bob Cark. [I'mQA director. Bob d ark,
DOE
Actually, the results of these NRC identified
i ssues, no CARs got issued.
BULLEN: Bullen, Board. Are CARs corrective action
reports?
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CLARK: Corrective action report.

BULLEN: Thank you.

CLARK: That's a significant deficiency adverse to the
QA program But a few deficiency reports, which are
deficiencies but not significant deficiencies, have been
i ssued. And one of those, in NRC s face, they expect, and ne
as the director of Quality Assurance expects for our
processes that when deficiencies get identified, there's a
di sci pline process by which to identify them and take care of
them That was not done by the analysts thenselves. On
their own, they kind of said this is a no, never mnd, and
didn't enter into the process. So we wote a deficiency
report to get to the root cause of why you did that, and to
preclude any recurrence fromthat, such that everybody knows
you identify a deficiency, you enter it into the system

BROCOUM And, finally, | think again, | said earlier,
that we told the NRC we'd provide thema report of the
impacts for the data that's not qualified in our information
by August 15th. The NRC has asked for that and we've

promsed to give themthat. So |I think that answers the

guesti on.
BULLEN: Thank you. And | wll indeed ask the remaining
guestions during the public comrent period. But nowl'd like

to nove on to the next itemon the agenda. Thank you, Rob.

Qur next presentation which was schedul ed for right
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now is by Dr. Peter Swift. Peter shares the nmanagenent
responsibilities in BSC of the Total System Performance
Assessnent Group for the Potential Repository at Yucca
Mountain. He works along with Jerry MNeish at Duke
Engi neering and Services, with an enphasis on the direction
of technical analyses. He's also the nanager of Total System
Performance Assessnent Departnent at Sandia, and Peter wl|l
talk to us about Volunme 2 of the SSPA

Peter?

SWFT: First of all, I want to acknow edge a bunch of
ot her people up here other than nyself. Jerry MNeish is
here, and the entire TSPA Departnent. Any big analysis |ike
this, takes dozens of people to put it together, and in fact,

t he whol e science project fromthe M&O has worked on this.

Anot her point | want to nmake, which | think both
Bill and Rob have said, is that this is work in progress
we're reporting on here, very much so with Volune 2. W're

still in internal review on nost of this, so | ask for sone
patience on this. You may get sone answers |like, well, we're
still analyzing that one, and those will be true statenents
if | say them

Al'l right, what 1'mgoing to try and cover here,
t he purpose, scope and content of SSPA, Volunme 2, the

rel ati onship between Volunes 1 and 2, including a few words

on how we got fromwhat's in Volume 1 to what's in Volunme 2,
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sonme context for the interpretation of the result in Vol une
2. Basically, what I'mgoing to do there is give you sone
pointers to later talks. | will show the summary results.
And if you want to skip ahead to the back of the packet,
they're there. W' ve got basically the new perfornmance
assessnent, supplenmental nodel results there. But the
techni cal basis for themand the details of those results,
put themoff for later. ['Il answer what questions | can,
but 1'mnot expert on a lot of it.

This repeats sonething that was in Rob Howard's
presentation. That's good, because Volunes 1 and 2 are doing
the sane thing. SSPA Vol une 2 docunents anal yses that
provide insight into the effects on TSPA of three types of
information that were not addressed back in Rev. 0 TSPA.

The first one, the uncertainties that were not
fully quantified. That's the unquantified uncertainties work
where we used conservative assunptions, sonme bounding
assunptions, sinplifications.

Second, additional scientific information. Now,
the research of the project has noved on since a year ago
when we were putting together the Rev. 0 nodels, so we've
updated to bring that information forward.

And, finally, the effects of alternative therm
operating conditions. This is a request fromthe Board and

others that we do this. So we've included these analyses in
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Vol unme 2.

Just to offer a definition here of what we nean by
alternative thermal operating conditions, we've exan ned
t hese effects in Volunme 2 by evaluating two repository
operating nodes. W picked two, HTOM and LTOM hi gh
tenperature operati ng node and | ow tenperature operating
node. HIOMis essentially the same as what we anal yzed in
the TSPA Rev. 0 base case in terns of design assunptions for
some of the nodels that have been updated. But the design is
essentially the same as what was in Rev. 0.

The LTOM design, and |I'm hoping JimBlink wll
cover this tonorrow, basically, this is a design that uses
| onger ventilation periods and changed package spacing to
ensure an outer surface of the waste package bel ow 85 degrees
C. average tenperature.

There are two main types of analyses in Volunme 2.
This slide tal ks about the first type. The next one talks
about the other one. First, sensitivity analyses that we did
using the Rev. 0 nodel, the sane nodel you saw | ast w nter
where we've done one-off analyses in which all the nodels and
paraneters are identical to those in Rev. 0 except the case
we' re | ooking at, the one conponent we're anal yzing, we
changed that one, held everything else the sane. It's stil
a probabilistic analysis. W sanpled, did nultiple

realizations, but everything else is the same as it was in
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Rev. 0 except the new assunptions or inputs.

We used these anal yses to exam ne the effects of
unquantified uncertainty and new information. You saw sone
of these in January at the neeting in Amargosa Vall ey.
Results of this type of analysis are directly conparable to
the Rev. O results. It's truly a one-off conparison. What
woul d Rev. O have been like if we had changed this one thing?

But these one-off anal yses don't give us the insights into
the coupled effects of all the uncertainties taken together,
and al so they were not particularly useful for |ooking at
thermal effects, because the Rev. 0 nodel was not all that
sensitive to thermal outputting conditions. So we've gone
t hrough these one-off sensitivity anal yses.

Then we built a supplenmental TSPA nodel. A ful
system | evel analysis incorporates the major uncertainties
fromthe unquantified uncertainty work, inportant updates
fromnew i nformati on, and that gave us a nodel that we felt
was sensitive to the alternative thermal operating nodes. So
we used this new suppl enental nodel to do full performance
assessnents for alternative thermal operating nodes.

The system |l evel results show the overall effect of
the unquantified uncertainties and new information. And the
| ast point here again, | said this already, but |ater
presentations will give you the details of the nodel changes

and the system and subsystemresults.
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How do we get fromVolune 1 to Volune 2? This
graphic here, the big docunent here is supposed to be Vol une
1, which as Bob showed you isn't very big. And the
significant changes fromthis were forwarded on to Vol une 2,
where we first ran these unquantified uncertainty anal yses,

t he one-off anal yses. They appear actually in Chapter 3 of
Volunme 2, and I'Il give you the table of contents in the next
slide. And then only a portion of that information was
forwarded on into the suppl enental nodel

Basically, the decision as to what from Vol une 1

made it all the way to the suppl enmental nodel here has two

mai n conponents. First of all, did we see a significant
i mpact in these one-off analyses? And if we didn't, and we
were pretty confident that that was a robust concl usion,

those are things we did not include forward.

There were al so sone pl aces where we got gui dance
fromVolunme 1 that based on their own internal analyses, they
bei ng the authors and experts in Volunme 1, they concl uded
this wasn't essential to be carried forward.

Leave the slide up here. 1'Il cone back to this in
a mnute when | have a table up here. This is the outline.
When you get Volune 2, it's a nuch shorter docunent. There's
a very draft copy of it sitting in front of me there.

I ntroduction, these are bullets, Chapter 1, 2, 3, 4 and 5.

One is just a brief introduction. Two is our nethodol ogy.
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Three, these are the one-off anal yses. Every analysis
reported in Chapter 3 is a one-off conmparison to the Rev. 0O
nodel . Then we go through it for systemlevel nom nal
scenari o, subsystem|level evaluations. These will be the
conponents of the nom nal scenario, and a section on

di sruptive performance, primarily vol cani sm

Chapter 4 has the updated suppl emental TSPA nodel
with systemlevel results, subsystem analysis fromthose
results, and the igneous disruption scenario. And then a
very brief Chapter 5, which is the summary and the maj or
concl usi ons.

This table here is actually the sane information as
on the table that Rob showed, and on this table, it was
updat ed from what was handed out a nonth ago. There's a copy
of it over here. Al Rob and | did to produce our versions
of the table was to edit this to focus on our talks. So Rob
knocked off the two right-hand colums of this paper table.
| left themon. These are the ones that apply to Vol une 2,
here and here.

" mnot going to work down through this. This is
here for reference, and basically so you can figure out what
guestions you want to ask the | ater speakers about cases
where we ran, using the Rev. 0 nodel, we ran a one-off
calculation for all of these, and these were the things that

were carried forward, and we should be able to find their
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i npacts for you in the supplenental nodel. And you can see
there are sonme things where the new thermal hydrol ogi ¢ nodel,
we didn't do a one-off. It wasn't suitable for that. It
went directly into the updated nodel. There are other cases
where we actually ran sensitivity anal yses, and then on
further guidance from subject matter experts on Alloy 22, we
did not include that particular nodel into the new updated
PA.

Just nore of this. There are three pages of it
here, and I'mnot going to go through these. | want to get
to the results here.

kay, this is just an exanple of the types of one-
of f anal yses. \What does a one-off analysis nean? There are
two codes up here. These are both nean annual dose
hi stories. The black one is the TSPR Rev. 0 nom nal nean for
a mllion years, and the red one here is everything el se
being held the same in the Rev. 0 nodel, except in this case,
we' ve used the extended climate nodel, just to show you what
Rev. O would have | ooked |ike had we used this clinmate nodel
i nstead of the one we did.

This figure will conme back up again tonorrow in
M ke Wlson's talk, | think. But |I showit here basically
just as an exanple of what a one-off conparison | ooks |iKke.
And these are neans. The full distributions of the results,

the full horsetail plots are avail able.
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This is a supplenental TSPA nodel prepared to Rev.
0. This is the Chapter 4 type of results that we show in
Volume 2. And the black curve, again this is the mllion
year nean fromRev. 0. It was the same curve you saw in the
previ ous slide.

Now, these are neans fromthe new suppl enent al
nodel. The red is the high tenperature operating node, HTOM
and the "L" is the |low tenperature operating node. And I
think the next plot will show you the horsetails, show the
full distributions that go into the two new results.

This is nore than just up there as an exanple.

These are fairly inportant results, so it's worth nentioning,

since first order observation is here. | think we can cone
back to them tonorrow when you' ve seen nore detail. But sone
things sort of junp right out at you. The first things, in

Rev. 0, we had zero dose prior to 10,000 years, and now we
have a small|l nunber here. By the way, it's quite a snal
nunber. That cones from about 23 percent of our realizations
out of the 300 realizations showmn here, about 23 percent of
t hem had one or two waste packages showi ng an early failure.
This is due to a reconsiderati on and expansi on of these
uncertainties in our treatnment of initial defects and welds
due to possible inproper heat treatnent.

Sl ower waste package corrosion delays the main rise

in dose is the next thing that just sort of junps out at you.
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Here is the main slope of it here in Rev. 0. W' ve pushed
it out now beyond 100, 000 years before doses start to
decline. What this is telling us is that the bulk of the
wast e package failures are now occurring much later in the
suppl enental nodel than they did previously.

And peak dose has gone down. It was here. Now
it's basically out here at the end of the sinulation, a
mllion years, and it's gone down considerably. A ngjor
driver there, the lower solubility Iimts, neptunium for
exanpl e.

The final point, at the systemlevel, the therm
effects are pretty mnor. You know, you've got to | ook hard
to see the difference between HTOM and LTOM It's there, and
we' re wor ki ng on understandi ng why the differences are there.

But the first order observation is they |ook pretty darned
simlar. You get out past tens of thousands of years, and
the systemis not all that sensitive to the operating
tenperature in the early tine.

This just shows the full series of realizations.
|"mnot going to go over this nore. 300 realizations for

hi gh tenperature and | ow tenperature, and the results.

This is the new results for our igneous disruption
nodel. | want to first of all say sonething that | think
some previous speaker nentioned, Rob or Bill. The project's
team on igneous activity is in a technical exchange with the
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NRC tonorrow, and won't be here tonorrow. That includes ne.
"1l be over at the NRC neeting. So if we have questions
about this, nowis a good tinme to ask them | wll try and

field what | can today.

Agai n, the black curve here is the nean from Rev.
0. These are probability weighted doses now. The nean curve
fromRev. 0, in Rev. 0, we only ran it 50,000 years. W' ve
added conput ati onal power since then, and now it can run out
to 100,000 years. The blue and red overlay perfectly during
the first part of the curve. That's why you only see bl ue
here. And at later tinmes, you start to see sonme differences
bet ween the high tenperature and | ow tenperature nodes.

The first order results here that are worth noting,
well, first of all, sonething has happened. The eruptive
doses have gone up by a factor of about 20 from here to here.

The curve fromthis point over in Rev. 0 is largely
dom nated by ash fall doses froman eruption, and this part
of the curve in Rev. 0 was dom nated by groundwater doses
from damaged packages. Wiile the eruptive dose has gone up
t he groundwat er dose has gone down.

And t he next point--mybe this was a point | should

have noted first--the overall peak dose is about the sane

here and here, but it shifted nuch earlier intime. It now
seens to be comng fromthe ash fall. And this is sonething
that | think is sort of a good confirmng sort of result. W
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do see effects here of climate change now in the groundwater.
This has got our new climte change nodel. W in fact have
a glacial climate starting at 38,000 years, and here it is.
You can see it.
And there's nore informati on here on the slide.

can go through that if there are questions. But basically,
yes, we do understand quite a | ot about why these doses have
changed and what the drivers were on that. But I'mgoing to
try and stay on schedule, so I'lIl field questions if it comnes
up. These are again the full suite of plots fromthe igneous

cases, and there's not a lot of information there.

And I'll summarize. Wiat's in Volune 2? Two nmain
things; a set of one-off analyses, lots and lots of figures
t hat show conpari sons of new information to Rev. 0, you know,
one-of f node where each plot tells you how Rev. 0 woul d have
been different if this were the only thing we changed.

That's Chapter 3. Chapter 4, the supplenental TSPA with the
updat ed nodel s that conpare performance at high tenperature
and | ow tenperature operating nodes.

And detail ed discussions in |ater presentations,
conponent by conponent we're going to go through the
guantification of uncertainties and new information, i.e. how
are the nodels different, what are those two alternative
t hermal operating nodes we tal k about, how this new

information gets integrated into the TSPA. Bob Andrews wil |
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tal k sonme about that, for exanple, Kevin Coppersmth
Detailed results of the TSPA, Mke WIlson wll talk tonorrow
on that. And what do we |earn fromthese uncertainty
anal yses? | think several people will conme back to that
during the course of the neeting. |I'mgoing to stop there.
BULLEN: Thank you, Peter. W have questions from Board
menbers, starting with Dr. Sagués, and then Dr. Christensen.
SAGJES: Thank you very nmuch. | guess | would like to
start with Nunmber 13. This picture is probably | think one
of the nost dramatic--clearly, for the initial |ow doses at
t he beginning, there is |like an order of magnitude
i nprovenent in the tinme scale of rel eases.
Now, first, is this is aresult primarily then of
changes in the way in which the contribution of the

engi neered barrier has been eval uated?

SWFT: Yes, | would say the first order, the |argest
change here is in the waste package performance, and I'Il |et
t he waste package team address that tonorrow, putting

t enper at ure dependency into the corrosion nodel, for exanple,
so at later times when it's cooler, corrosion is slower.

That accounts for a big part of this.

We have not finished analyzing this. | suspect
we'll see a fair anmount of benefit here from-inprovenent in
performance fromthe changes in the treatnent of the

di ffusive transport fromthe EBS into the UZ. And Jim
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Houseworth has sonmething to say about that. This is an
analysis in progress. W haven't finished taking these plots
apart to see what's driving it. W're quite confident that
the big driver out here, a big driver, is the changes in the
sol ubility nodel s.

SAGJES: And this is solubility inside the waste
package?

SWFT: Yes, solubility in the in-drift environnent, in
t he package and in the in-drift.

There's one other thing |I shoul d have nenti oned.
The spikiness here is the climate change. That shows up very
nicely, but it's presunmably not a major factor.

SAGJES: Right. But also, nost of the, and if | can
concentrate again on the sloping portion of the curve there,
do | understand correctly that the curve that results from
the introduction of tenperature dependence on the way in
whi ch corrosi on brakes of waste packages are evaluated, is
t hat correct?

SWFT: That's ny understanding. |Is there soneone here
fromthe waste package group that would like to speak on
that? Geg or Joon Lee?

ANDREWS: This is Bob Andrews. There will be
presentations tonorrow norning, you know, unfortunately,
they' re tonorrow norning, which will describe the changes in

t he waste package degradati on nodelling. One aspect, and
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you're absolutely correct, is the thermal dependency aspect.
Anot her very inportant aspect is new information on the
stress states, and the stress state uncertainty, and the
yield strength at the welds.

If you'll renmenber fromthe Rev. O anal yses, nost
of the initial failures up to 50,000, 60,000 years were
failures at the welds, at the two welds of the Alloy 22 which
had been stress mtigated. Virtually, those changes in
stress states and stress state uncertainty elimnated that
failure nmechanismas well. So it's a conbined effect of the
t hermal dependency of the general corrosion rate and the
stress state and stress state uncertainty at the welds.

But, you know, any nore detail than that, probably

t he people tonmorrow, Geg and Joon, will probably be better

to answer it.

SAGJES: Ckay. Let ne then close by saying that if that
effect, and | see a shift and | also see it in Volunme 2 in
some of the initial information, a simlar shift, that seens
to be alnost like sinply the result of a correction on the
corrosion rates assigned to the uniformdissolution. [If that
is the case, | do understand furthernore that that correction
was due to a relatively--to the introduction and

consideration of the--of a relatively small series of
experinments perforned in a very short tinme in the | aboratory

to evaluate activation energies for corrosion rate
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tomorrow we' re going to hear nore about

o be, and | guess th

it, then a few days

worth of experinents appear to have changed that in a very

remar kabl e fashion. | wanted to | eave you with that.

BULLEN: Nor m Chri st ensen?

CHRI STENSEN: | think 1've answered ny own question.

BULLEN:. GCkay. That's fine. Richard Parizek?

PARI ZEK: Pari zek, Board.

For both Volunes 1 and 2, what's the cutoff date

for data? There's always a tinme when you have to kind of

stop in order to draw one of these docunents together. Can

you help ne with that?

HOMRD: What's today's date?

PARI ZEK: | mean, in the case of Dan's abbrevi ated

summary of Volunme 1, sonething was printed. You know,

there's a big fat volune. So it nust have cut off today.
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at

mean, it's ongoing. | nean, in order to issue that volune in
its working form there nust have been a drop dead date for
putting new stuff in?

SWFT: Sure. But actually Rob's
one, which is this is work in progress.
not been through DOE review yet.

PARI ZEK: (Okay. So you're going t

answer is the right

These results have

o be addi ng?

SWFT: If new information came up sufficient that we

actually had to do sonething about it,

this will be a
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decision that has to be made.

I n general, these nodel changes were finalized in
early to md April. There were changes in the waste package
corrosion nodel up until early Muy.

PARI ZEK: So really it's dynam c, and the next version
we see will include whatever else cones up this sunmer and
early fall, | assune.

SWFT: It's ny personal belief, nmy hope, this is what
you'll see in the docunent.

PARI ZEK: Relating to Figure 13--

SWFT: That's what | want to show in the docunent.

PARI ZEK: --you offered the possibility that we'll learn
per haps tonmorrow why the blue and red curves m m c each ot her
and don't separate, or would have thought that naybe the hot
versus col der design m ght have given you bigger differences.

SWFT: You'll see sone systemresults in plots of
things like humdity, where you can certainly easily
di stingui sh between the two nodels. But by the tinme you get,
you know, all the way to the dose at 20 kil oneters--and, by
t he way, these were calculated at 20 kil oneters, not the
NRC s 18, or the EPA' s 18 kil onmeters--anyway, the point is
when you get to final dose, they do | ook quite simlar.

PARI ZEK: Then for the Rev. 0, or the base case, climate
didn't seemto show up in that one? You don't get the

excursions that we see in the red and the blue after 100, 000



© 00 N o o A~ w N P

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

73

years.
SWFT: Those?
PARI ZEK: Well, you don't have themin the base case,

t he bl ack |ine.

SWFT: Right. That's because this base case was done
with a constant climate nodel after 10,000 years.

PARI ZEK: Okay. And solubility didn't enter into that
one?

SWFT: Well, no, actually if you go back to the Rev. 0
work, this was the curve we showed as a so-called baseline in
Rev. O last winter. W did show the effect of including the
nodel we had avail able then, as of last fall, for secondary
phase effects and solubility, and that showed a | ower curve.

And then we put the version of the climte nodel, which is
essentially the sanme as the climate nodel we have now, we put
that on al so, and we saw an effect then last fall that | ooked
not unlike at |east out here, spiky and roughly an order of
magni t ude bel ow the bl ack curve that you see here.

So, I"'mnot sure if that answers your question.
The reason this is snooth is the constant climate.

PARI ZEK: Ckay. And just from a general reaction, |
nmean, it's nore realistic to ne to see the red and the bl ue
than it is to see the black, because it's hard to inmagine
11,000 or 700 units flawmess. So, froma credibility point

of view, I mean, it just raises your expectation to prove
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that in a convincing way. So it seens to nake nore sense to
me to see it this way. That's neither here nor there for the
nmonent .

As far as the igneous effects--

SWFT: That's slide 14?

PARI ZEK: Yes, Slide 14--15, | guess 15 shows sone of
the difficulties there. Now, if this whole thing has to be
dealt with and you can't quite live with it, what's the
engi neering solution to that problemif you really have to
kind of reduce the risk and the uncertainty? 1Is it
backfilling the repository? Wuld we be back to that,
because we had drip shields and we had--you know, there's
al ways an add-on in order to kind of address a problem If
sonmething like that is not going to be considered acceptabl e,
what's the solution to that problen? You won't be here
tomorrow i s the reason |I'm asking you today.

SWFT: R ght. These results, both old and new updated
nodel s, are cal cul ated assum ng that the access ranps and
mai ns were backfilled, but the drifts were not, the
enpl acement drifts were not. Wsat that does is it limts
i nterconnection fromone drift to the other. Danmage is
l[imted to the drifts that are actually crossed by an
i ntrusion.

For the portion of the release that is dom nated by

the effects of danaged packages within a drift, the packages
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that are damaged but not actually erupted, yes, backfill
woul d | believe reduce that. But as presently nodell ed,
perhaps not all that nmuch. Most of the danage occurs when
t he package is quite close to the point of intrusion.

This dose out here is driven by material that's
actually erupted, our hypothetical conduit to the surface,
and | don't actually see in here alternatives that would do
much there. Radically changi ng package spaci ng, spreading
t he packages out enornously m ght reduce that. But there is
still 1 believe some conservatismin that, perhaps
particularly in the treatnent of the air mass |oading, the
dustiness in the atnosphere follow ng the event. W
cal cul ate these assumng that the air is as dusty forever
after the event as it is in the first decade, and nost of

this dose conmes frominhal ation of the suspended parti cl es.

If we were to put a tine dependent dose conversion
factor in that acconmodated stabilization of soil, we haven't
done that, | expect you would see that come down. | don't
know how nuch

PARI ZEK: That woul d be a nore realistic case really.

SWFT: Yes, there's nore realismthere, but that's not
an engi neering answer to your question.

PARI ZEK: Yes, that's a different one. But it neans
that that analysis could be nade, could be a little bit nore

realistic, in other words.
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SWFT: Yeah.

PARI ZEK: One other question with regard to the one-off
anal yses. Are there tines when you take one thing out at a
time where you mss the interaction between two vari abl es, or
the rest of the variables that are still in the mx? | think
the Board has kind of explored this in the past, but it's
sort of |ike the human performance. |[If you pull out organs
one by one fromne, you'll get a sense of what the organ's
val ue was. But there may be tinmes when there's kind of a,
you know, two things react in a way that's delayed in a way
t hat surprises you, but may kind of confuse the issue. | see
value in the one-off nethod, but are there tines that it
m sl eads you sonmewhat as to how the interaction of that
vari able affects the others that remain, or several others
that remain?

SWFT: Well, | share your concern. | have nore faith
in the full systemanalysis than | do in the one-off
conparison for just that reason. |It's difficult to know what
you' ve m ssed when you' ve only changed one component. |[|f you
knew that was the only conponent that was going to be
changed, that would be fine. But we don't know that.

So, yeah, the value of doing themis that it gives
you insight into what m ght nmatter in the next one. But go
ahead and | ook at the conbination nodels. That's where the

answer is.
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PARI ZEK:  Which is really what the total system anal ysis
does for you.
SWFT: Yeah.
PARI ZEK:  Thank you.
BULLEN:. Bul |l en, Board.
Just a quick question on Number 13, if you' d go
back to that?
You made a conpari son between the peak doses, and |
guess the question | have is have you done cal cul ati ons

beyond a mllion years to determne if that's actually the

peak?

SWFT: No.

BULLEN: And do you think it is? O your crystal bal
doesn't tell you anything right now?

SWFT: M crystal ball doesn't answer that one.

BULLEN: Ckay. Well, it mght be sonething that would
be interesting to know, because the Board--the Yucca Mountain
Standard, the National Acadeny, is one of the things that
drove you to go to peak doses, and so | just was curious as

to whether or not you thought you m ght be there.

We have a coupl e questions fromBoard Staff. John
Pye?
PYE: John Pye, Staff. Could you clarify how the
project defines |ow tenperature operating node? On Slide 4,

the second bullet read waste package tenperatures bel ow 85
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degrees centigrade. You added the word average. In
review ng the SSPA, in order to assess the results, | see,
for exanple, a string of waste packages fromcenter to the
edge of the repository. | see two-thirds of them bel ow 85
degrees. The rest al nost approach 96 degrees centigrade.

So, how does the project interpret the 85 degrees centigrade
criteria?

SWFT: [I'mgoing to actually pass that question. |

© 00 N o o A~ w N P

didn't see a nod there.

[EEN
o

HOMRD: John, it's the average of the waste packages.

[EE
[EEN

It's average waste package surface tenperature. Yeah, we do

[EEN
N

have sone cases where the peak waste package surface

[EEN
w

tenperature of sone waste packages goes above 85 degrees C.

=
N

W were doing the analyses to | ook at, you know, the

[EEN
a1

i nplications of performance for hot versus cold, not set a

[EEN
»

design not to exceed constraint. So, we thought that having

[EEN
\l

sonme waste packages that had peak tenperatures above 85 was

[EEN
<o

acceptable for the anal yses that we were doing. But we were

[EEN
(o]

| ooki ng at the overall performance of the system not a fixed

N
o

tenperature limt of a not to exceed per waste package. It

N
=

wasn't a design constraint. These were post-closure therm

N
N

anal yses. Does that hel p?
23 PYE: Well, you have an average, but do you have a range
24 in m nd?

25 HOMRD: | think that's sonmething that we're going to
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have to | ook at as we nove forward, you know, what is that
range, and what is the wi ndow of susceptibility. | nmean,
you'll see | think Dr. Blink will have some graphs of what we
think that wwndow is, and what it neans. But it's not to be
interpreted as a strict tenperature only issue for us. |
mean, that's one of the things that | said in ny concl usion.
It's not an on-off switch. Things don't suddenly go south
as soon as you hit 86 degrees. That's not what we're doing.

BULLEN: Bullen, Board. | had one nore question froma
Board menmber. Jeff Wbhng, did you have a question? OCh, two
nor e questi ons.

WONG  Yes, | have a quick question. Back on 14? | got
Volunme 2 this norning at 8:30, so | really didn't have enough
time to read the whole thing. But I'mtrying to under this
95th percentile, 50th and 5. | suppose that there's just the
95th percentile and 5th percentile of all runs. That's not
t he confidence interval around the nean; is that true?

SWFT: Yes, exactly. The percentile is sinply the
percentiles at that tinme of the realizations that were
calculated. So if there were 300 realizations at this tine

here along the 95th, you know, 95 percent of them would be

bel ow t hat .
WONG Right. Now, help nme understand why--I have two
guestions. One, in the beginning, that period sort of around

1,000 years, why is it that the 95th percentile, you know, is
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actually lower than the nean, and in the end, toward the
mllion years, it looks like the 95th percent and the 5th
percentile are converging. So that neans that would indicate
to me that your uncertainty is decreasing, and just
intuitively, I would think as you go out a mllion years, you
woul d know | ess, you'd be nore uncertain in terns of
predicting performance. But why is it it appears that it's
conver gi ng?

SWFT: At early tines, the nean exceeds the 95th
because there are relatively few realizations contributing to
that mean. It's a strongly skewed distribution, a lot of |ow
nunbers, sonme fairly high ones. So it's quite possible to
have a skewed distribution in which the nean is driven by a
handful of realizations that are | arge nunbers, and nost of
them are | ow nunbers, or even zeros. So that's what is
happening here at early tinmes. And you see that in other
runs also. [It's not an uncomon result in |large cal cul ations
t hat produce a skewed distribution in outcones.

l"msorry |I don't have the plot here from TSPA Rev.
0, the same thing. | think that nmay explain some of this
apparent convergence of the summary neasures out here. |In
TSPA Rev. 0, we saw the sane thing, although it happened nuch
earlier. A large broad band here, and it had gotten quite
narrow by the tine it was out there. And what was happeni ng

there was that uncertainty in the results was indeed going
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down because nore and nore packages had failed. At an
internediate time, you have sone packages producing a dose,
because they have breached, and others not producing a dose,
and you have a broad range from zero to non-zero.

At later and later tinmes, potentially all the
packages are going to contribute. It's still not all of them
in these results. There are still 12 percent or so that are
not contributing, but nost of the packages are now
contributing to the dose. So our sunmary neasures are
starting to converge. And, yes, there is actually |ess
uncertainty in the outcome the later and | ater you go.

WONG  Thank you.

BULLEN: Final question in this session will be from
Nor m Chri st ensen.

CHRI STENSEN: Maybe this is nore along the lines of a
comment than a question. But it has to do with Slide 15. |
j ust wonder what happens when you extend the tinme frane.
You've truncated the tine frame here at 100,000 years. What

happens to peak dose in these two? |Is there a reason for not

extending that out? |'mjust curious as to what it |ooks
like in that Ionger time frame. You clearly have higher
doses than the base case.

SWFT: Sure. Sure. That is the answer to the question
as to why we haven't run it out longer, is that for the Rev.

0 work, we picked this 50,000 year point because in our Rev.
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0 nodel, the nom nal doses were considerably higher already
by about 40,000 years, and this is a very conputationally
intensive calculation. That's the straight answer in the
Rev. 0 work.
For this work, basically the sane reason. W have

t he conputational power now to go out to 100,000 years. W
have not gone further than that with that. There is no
reason to believe it would continue to go up. Each
i ndi vi dual event produces sort of a pulse of a groundwater
dose. It's not like the nom nal scenario where packages
continue to fail on and on through tinme. Here, we're getting
a bunch of themall failing at one tinme from an igneous
event. 100,000 years later, you're not contributing nuch to
the dose. It's the newer events that are doing it. So,
basically, the conclusion that you reach a plateau out here
is a logical one.

CHRI STENSEN: This is nore of a presentation comrent.
But a quick gl ance by sonebody not thinking about this
carefully m ght conclude that the best thing that could
happen out there would be a volcanic eruption, if in fact one
assunes that the baseline curve flattens out there at about
10 to the mnus 1, and continues on that line. So, it would
be nice to have sone sense of that.

SWFT: These do not include the doses that would have

occurred fromnom nal performance. These are sinply the
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doses from an eruption
BULLEN: Thank you very nuch, and ny thanks to the
speakers. M apologies to the nenbers of the public who
asked questions. | wll ask those during the public conmrent
period. And to the two staff nenbers who didn't get to ask
the questions at all, that's just too bad.
W will now take a ten mnute break, and reconvene
at 3:15.
(Wher eupon, a brief recess was taken.)
BULLEN: In the interest of giving Dr. Bodvarsson enough

time to go through his many vi ewgraphs, not that Bo ever

brings too many, | would like to begin the session.
Qur next presentation is by Dr. Bo Bodvarsson from
Lawr ence Berkl ey National Laboratory. And Bo is going to be

the first of our specific issues people after the overview,
and I"'mthinking Bo is tal king about--is it unsaturated?
Yes, UZ flow and near-field environment thermally driven
coupl ed process conponents.

Thank you for putting that up so | could get the

title right. Bo, it's all yours.

BODVARSSON: Thank you. Can everybody hear ne okay?
kay, like Dan said, ny nane is Bo Bodvarsson,
Lawr ence Berkley Lab. 1'mgoing to talk about both the near
field and the UZ, unsaturated zone, activities that we have

been doi ng over the last few nonths, and tal k mai nly about
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thermally driven coupl ed processes conponents.

We have a |l ot of participants, both fromthe
unsaturated zone and fromthe near field, fromvarious
organi zations, including LBL, Livernore, Sandia, and others.

These are sone of the other participants.

The main objective of this presentation is to talk
about sone of the recent advances in the UZ and near field
studies since TSPA-SR in terns of unquantified uncertainties,
and also in terns of a lot of work we did to exam ne the
range of thermal operating nodes. Then describe resolution
of these uncertainties, and then al so descri be the use of
mul tiple lines of evidence.

There are two main things I'mgoing to discuss.

One is UZ flow That neans the three-di nensional flow fields
in the unsaturated zone, the effect of coupled processes on
Uz flow, the effect of various paraneters and processes on
the UZ flow, as well as coupl ed processes on a nountain
scale. The other one is seepage. |'mgoing to talk about
seepage in ternms of anbient seepage, the effect of various
nodi fication inprovenents we have made in seepage nodel s, and
then tal k about the effects of coupled processes on seepage,
including TH, THM and THC effects.

So, first, this discusses the UZ flow, and we talk
about the unquantified uncertainties. And there are two

areas here I'mgoing to concentrate on. One is lateral flow
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in the PTn, and the second one is expanded 3-D flow fi el ds.
And this is in response to the footprint, because if you
change the thermal operating node, you' re going to change the
footprint. And we examined the 3-D flow fields and the
effects of the footprint on the 3-D flow fields.

Then we take the Uz flow and investigate the effect
of thermally driven coupl ed processes on a nountain scal e,
because this is UZ flow, in ternms of thermal hydrol ogic
effects, including the effect of |ithophysae on therm
properties, that is, the big holes and how they effect
thermal conductivity and incapacity, and exam ne the range of
t hermal operating nodes, the high and the |low, and the effect
of thermal hydrol ogy on flow

We continue with the effect of thermal hydrol ogic
chem cal effects on the UZ flow This is a new nodel that
has been devel oped recently that addresses vari ous processes
on a nountain scale, including alteration in the PTn in the
vitrophyre, in the zeolitic rocks, as well as |large scale
nountain effects in the repository.

Finally, with respect to this first conponent, UZ
flow, we talk about thermal hydrol ogi cal nechanical effects,
and this is another new nodel that addresses nulti-phase flow
and cal cul ates stress, the effect of stress on perneability,
and consequently, the effect of permeability on the three-

di nensional flow fields.
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The next slide is about seepage. W go through the
same thing we just went through for UZ flow. W tal k about
unquantified uncertainties. And here, we concentrate on a
new seepage nodel for the |ower |ithophysal. W talk about
fl ow focusi ng and how we have inproved our formulation and
t heoretical basis for flow focusing. And we talk about drift
degradati on and how we have inproved our analysis in terns of
the drift degradation.

Then we go into again the thermally driven coupl ed
processes on a drift scale now, because this refers to
seepage, not on a nountain scale anynore. W talk about TH,
THC and THM nodel s, including |lithophysal properties. W
exam ned the range of thermal operating nodes for all of
t hese nodels, and then we tal ked about THM a fully coupled
THM conti nuum nodel that we haven't had before. This is what
we're going to talk about in general.

Then we're going to discuss uncertainty during the
talk in terms of uncertainties in conceptual nodels,
paraneters and i nput data, and how we reduce these
uncertainties through anal ysis of new data, inproved
experinments, sensitivity analyses, all nultiple |ines of
evi dence.

In terns of multiple Iines of evidence, we gain
confidence throughout this talk with various exanpl es,

i ncl udi ng natural anal ogues, |aboratory and field
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experinments, detailed sensitivity studies using process
nodel s, and then conparison with alternative approaches,
di fferent approaches, different nodelling approaches,
experinmental approaches, whatever.

After all of this, we start with the first topic
unquantified uncertainties on UZ flow. The first topic
regards lateral flowin the PTn. In the md 1980s when
Mont azer and Wl son did their conceptual nodel of |ateral
flowin the PTn, they thought it would be significant. Since
t hen, various nodel studies have difference in their
conclusions regarding lateral flow

Now our conclusion is that this is highly dependent
on the nunerical nodel, and you have to use a very fine
gridding to actually catch lateral flow. And we believe that
this is a very significant effect to the extent that for
infiltration rates that we have currently, 5 to 10
mllimeters per year, you have lateral flow on the order of
25 to 30 percent that goes into faults due to lateral flowin
the PTn and, therefore, does not go through the repository
horizon. Therefore, this is good. This is positive for
performance because it |eads to reduced percol ation fl ux,
therefore, reduced seepage.

Currently, we are not taking this into account in
t he TSPA because this is a conservative assunption, but

perhaps we will in future TSPAs.
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And 1'mgoing to put this viewgraph up here that
I'"mgoing to refer to fromtinme to tinme. It basically shows
alittle variability of what Peter and Rob showed. All these
things 1'"'mgoing to talk about, what is in TSPA currently,
future plans, and comments. So you can | ook as we go. This
isin, this is not in, and why not.

Now, I"mgoing to talk a little bit about 3-D fl ow
fields. Since our interest is to investigate what happens to
vari ous tenperature ranges, we al so have to consider not only
the tenperature, but also all the parts of the nodels. And,
simlarly, if you have | ower tenperature operating nodes,
you're going to have to spread the base further apart and,
therefore, the repository footprint is going to be |arger,

and we have to investigate how does that effect our overal

dose and overall inpact.
Thus, what we show here is sinply the repository
boundary as we had it in our Rev. 00 approach. And then here

we have an extension to the south in case we need additi onal
footprint because of the | ower tenperature operating nodes.
We did sone extensive studies and evaluation of this in the
reports, the SSPA report, and did three-di nensional
simul ati on studies, and basically conclude that for the 3-D
flow fields, this is a fairly small effect.

However, you'll note here in the |ower one, that

the lower |ithophysal is predom nant repository rock in the
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upper part here, and in the |Iower part, the | ower non-
i thophysal rock becones very inportant. And, therefore,
this may have an effect on seepage.

Wth respect to UZ fl ow under anbient conditions,
we are | ooking at various nultiple |lines of evidence,
including certainly Rainier nesa that all of you are famliar
wi th, and al so percolation flux studies that we have been
conducting over many years using geochem cal and tenperature
data that agree very well with our current estimtes of
percolation flux, as well as infiltration.

Now, after we tal ked about the anbient effect on UZ
flow, we want to tal k about coupl ed processes effects on UZ
flowin terms of TH, THC and THM

This is a result for a TH nountai n scal e nodel that
we have been devel oping over quite a few years. The reason
for this nodel are various. Nunber one, we want to | ook at
how nmuch does the tenperature in the PTn increase because of
alteration potential in the PTn. How nuch does the
tenperature in the zeolitic rock below the repository
i ncrease because of perhaps reduced sorption if the
t enperature goes too high? What happens to the perched
water? Does it boil off at the various thermal conditions,
et cetera, et cetera. So there are various reasons for doing
this.

This slide here shows a given |ocation in the
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repository, and shows the tine evolution of tenperature. So,
in the beginning, you just sinply have the geot hernma
gradient. Then you start to heat and you get this profile,
this profile, and you get hotter and hotter. This is for the
hi gh tenperature case.

And you see you get boiling conditions in this case
close to the repository, the tenperature exceeding 100
degrees, and |l ess tenperature everywhere el se. Wen we use
this nodel and conpare with and without |ithophysal cavities,
we find two things. Nunber one, the nost inportant thing is
this does not have significant effect on our 3-D flow fields.

We, therefore, don't have to include the thermal effects in
ternms of TH on 3-D flow fields, because they are very simlar
for both the high tenperature and the | ow tenperature case

Second, and of course inportantly is that we get
the boiling zone and dry-out close to the drift. That has
inplication for other aspects, such as seepage.

For the | ower tenperature case, you only get up to
from70 or 80 degrees or a little higher close to the drift,
and you see everywhere tenperatures are |l ess. Again, you
have | ess vaporization and condensation. Sone of it occurs
because when you increase tenperature, the partial pressure
of water in the gas space is going to increase and,

t herefore, you vaporize. But it has very little effect on

t he nountai n scal e three-di nensi onal fl ow.
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So, again, we use this nodel over all tenperature
ranges now to screen out the effects of thermal hydrol ogy on
the 3-Dflowfields. So it's independent on the tenperature
we use.

now we go into THC nountain scal e coupled
processes, and that neans we have the chem stry, we have the
tenperature, we have the hydrol ogy, and now we have the
chem stry. That adds further conplications, potential for

alteration in the PTn, potential for alterations in the

zeolitic rocks, perched water vaporization, alteration in the
basal vitrophyre, mneral deposition dissolution, et cetera,
et cetera.

This is the newy devel oped nodel of THC nountain

scal e effects, and this specific nodel |ooks at changes in
porosity and mneralogy in a cross section over the entire
nountain, vertical extent fromthe ground surface, all the
way to the water table, and the lateral extent all the way
t hrough the repository.

The concl usi on we reach for this nodel, and we run
it for thousands and thousands of years, and this happens to
be the results after sone 5,000 years, is the basically the
fracture porosity changes, consistent with our drift scale
nodel I ing previously, are small. The fracture porosity only
changes by about 1 percent of the initial value. And since

the fracture porosity is about 1 percent to start with, you
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only go from.01 to .0099 all the way. So it's a very m nor
effect, and does not significantly affect either flow or
transport.

We get, however, other effects in |localized areas
of the repository, and you see here a little deposition of
anor phous silica in the northern part of the repository close
to a fault. Here, we have nore vaporization occurring, and
t he vaporization causes mneralization of anorphous silica in
this region here. And we have gas convection al so occurring

inthis region. This is a very localized effect and does not
significantly affect the repository performance.

The major effect with respect to mneral changes on
a nountain scale occur in the zeolitic rocks down here bel ow,
where tenperature, just truly tenperate effect causes
zeolites to dissolve to formfeldspars. And this increases
the matrix porosity somewhat of the zeolites that nmay cause
i ncreased perneability, and perhaps that would |lead to better
sorption characteristics of the zeolites. But, again, these
changes are fairly mnor

However, all of these changes are not expected to
be very reversible, because they' re very slow kinetics, so
they may stay in the systemfor tens of thousands of years.

Sanme nodel. Again, this is the high tenperature
case, the higher tenperature case, and since we find very

l[ittle significant changes for the higher tenperature,



© 00 N o o A~ w N P

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

93

obviously you're not going to get a |ot of changes for the
| oner tenperature either. So now we | ook at the water and
gas chem stry, which is extrenely inportant of course for
wat er seepage and chem stry going into the drifts, and the
gas chem stry in the drifts and its effect on the corrosion
rates, et cetera.

You have three slides here. First, the top one
here shows basically the pH changes after sone 1,500 years.
You see the CO2 changes after 1,500 years. And down here at
the bottom you see the chloride, total chlorides in the
wat er .

| f you take the mddle one first, it's easier to
explain that one. Cbviously, for the high tenperature case,
when you start to boil, CO2 doesn't like to be in the liquid
phase, tenperature rises. It wants to go in the gas phase.

It degasses, goes out through the matri x blocks into the
fractures, and you will get an area that is pretty much
depleted in in CO2, or any nmass structure of CO2 is basically
gone. It goes and boils off and you have here a region after
1,500 years which is low in CO2. Because of that, you al so
get |low pH, because the CO2 is related to the pH, because you
have a reaction in the bicarbonates, that interacts with the
H plus ion, which is the pHin the ion, and you get basically
wat er and CCR2.

So you get sonmewhat |ower pHs. But if you | ook at
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the range, the pHs are very simlar, on the order of 7.5 to
8.5, or sonething |like that.

At the bottom here, again, you renenber that we
have the gas convection and we actually have the evaporation
and boiling. That's reflected in the chlorides. You have a
l[ittle higher chloride content in the water here, because a
little bit nore has boiled off.

Finally, THMon a nountain scale. This, again, is
a new nodel where we | ooked at the cross-section. This shows
the stress situation, or the changes in stress, and you see
here in the repository horizon in the mddle non-Ilithophysal,
you have thermally induced increases in stress, some four to
five nmegapascals, which is equivalent to sone 40 to 50 bars.

What that says to you is the following. Wen you

| ook at this table here, you get the ratios of initial
perneabilities, the vertical perneabilities, and initial
perneability, the horizontal perneabilities, and you see in
the repository area, and throughout the TSw, the changes are
very small, less than an order of magnitude, and general
decrease in perneabilities. And there is nore decrease in

perneabilities of vertical fractures than horizontal
fractures, just sinply because the stress on horizontal
fractures due to the lithostatic load is nore than the stress
on vertical fractures and, therefore, it takes |ess changes

in the thermal stress to alter the perneabilities. Still,



© 00 N o o A~ w N P

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

95

this is a mnor factor on the overall flow and transport.

Mountain scale thermally driven coupl ed processes
multiple lines of evidence. W of course use the single
heater test and drift-scale test to verify and validate our
studies. W have a large history and a dataset of alteration
m ner al ogy, i1sotopes, geochem stry and fluid inclusion data
that will help up with the THC history of the tuffs. And we
have experinents that were conducted in the g-tunnel in
Rainier Mesa to verify sonme of the THMresults that we have.

Now, we have finished with UZ flow. Overall
conclusion, the inprovenents that we have nmade in terns of
the PTn nodel will inprove performance. The expansion of the
repository footprint doesn't seemto have an effect on the 3-
Dflowfeels, and all the coupled processes effects, TH, THC
and THM are nore inportant locally. Qur concl usion,
therefore, is you do not have to consider these in the 3-D
flow fields.

Now, seepage. Seepage is a |local phenonenon and is
a drift scal e phenonenon, and we want to | ook at unquantified
uncertainties with respect to seepage. The |ower |ithophysal
nodel, the flow focusing factor, and the drift degradation
nodel first, and then we go into coupl ed processes.

This is a slide from Stefan Finsterle that shows
data fromthe systematic testing where we actually put a | ot

of water above the drift, and there's a lot of noise in the
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measurenents of the water going into it because of the

bal ance. This is what we get in terns of seepage. And you
see here seepage is generally about five units versus 30
units of applied water. That neans one-sixth seep on the
aver age.

This is very high flow rates, much higher than the
anbi ent conditions in the nountain, because we can't test
under anbi ent conditions because that's too |low a flow rate,
obvi ously.

We did multiple scenarios. These are nulti-color
simulations here that Stefan did, nultiple realizations, with
different results because it has different perneability
structures and different calibration structures. That
results in a nmean value, which is given here, and this is
basically the data that he obtains with the seepage data that
was very good.

The good things about this is the followi ng. The
| ower |ithophysal rocks show nmuch | ess seepage than the
m ddl e non-1ithophysal rocks, even though those m ddl e non-
ithophysal rocks didn't show a | ot of seepage. But still,
the smal|l perneability fracture structure in the |ower
i thophysal rock seenms to increase the capillary barrier
capacity of that rock, which is very positive for
per f or mance.

The second inportant thing here for performance
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issues in TSPA is that Stefan provides an uncertainty band
that M ke WIlson and people at Sandia and el sewhere can use
to sanple this distribution to show a range of uncertainty in
t he sinul ati ons of seepage for the | ower |ithophysal.

This is included in TSPA, which is shown right
here. Included in TSPA. And as you see here, nost of these
thermally driven effects on the 3-D flow fields are not
i ncl uded, because we don't need them They're used to screen
out the flow fields.

This is nultiple lines of evidence devel oped by
John Stuckless of the Survey. He gets to travel to various
parts of the country, which is nice, various parts of the
world. This happens to be in Egypt, where he | ooked at sone
tonbs, and this is 3,000 to 3,500 years old, very, very old,
and basically what he reports, they are very well preserved.

You see no seepage, just sonme areas of spallation and
pl aster fromthe walls.

FIl ow focusing. Second item on unquantified
uncertainty. Flow focusing basically refers to the fact that
we don't know where the discrete flow paths are in the
mountain. W think flow comng fromthe PTn is fairly
uni form because of the porous nature of the PTn. But then it
devel ops into sonme kind of weeps or preferred flow paths.
Thi s nodel uses a heterogeneous perneability field to

determ ne at the bottomof the repository, after flow ng
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t hrough 150 neters of Topopah Spring fractures, how nmany of
t hese weeps conme out of here, and how much is the flow
f ocusi ng.

In TSPA-SR Rev. 0, we used flow focusing up to 60
times. That neans each one of these weeps m ght have flow
rate 60 tinmes the average, which is a |lot, because that
af fects seepage, increases seepage suddenly at those
| ocati ons.

VWhat we find interestingly when we do this
exercise, and that's sunmarized in this graph here, this is
t he frequency versus normalized flux graph. This is one.
That nmeans that on the average, 14 percent of the flow paths
com ng out here have a flux equal to the average flux that is
applied uniformy on top. Only 2 percent have 2 1/2 tines
that. So this clearly showed that for these conditions and
this study, you are nowhere close to 60 tinmes that's used in
the TSPA, and you are nore close to three, four or five
times, that's the maxi num flow focusing factor. This has
been incorporated i nto TSPA

Drift degradation effects on seepage. Dwayne
Kicker, in his EPSA MR did a nore drastic realistic
eval uati on of possible rock falls and possible changes in the
geonetry of a drift. |If you change the geonetry of a drift
and make a big hole in the ceiling, that may significantly

affect the seepage, one woul d expect.
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These results show the results of our sinulation
regardi ng seepage. This is percolation flux, which is the
flux through the whole nountain, and this is the seepage rate
for fracture. The base case is shown here, that is, wthout
t he changes in the drift, and these are the nost drastic
possi bl e results, and 75 percentile of the nost drastic
results of the drift changes.

What we conclude fromhere is that there is no
i npact pretty nmuch on the seepage threshold. Al the graphs
go pretty nuch to the sane seepage threshold, 500 or 1, 000.
But there are sone differences in the seepage, but these are
very, very small effects. So overall, we conclude, as
before, that the changes in the drift geonetry do not have
significant effects on seepage based on Dwayne Kicker's
anal ysi s.

Mul tiple lines of evidence. Seepage and seepage
barriers, both natural and man-nmade under ground openi ngs give
us all kinds of opportunities to verify our experinental and
nodel results. W have archeol ogi cal cave sites, Egyptian
tonbs, |ithophysal cavities where the Survey is |ooking at
the calcites at the bottomlithophysal cavities, excavated
tunnel s at Rainier Mesa, ongoing seepage tests at Yucca
Mountain. W believe that all this information and all this
weal th of information supports our notion fromall of our

nodel s that seepage is very little at Yucca Muntain, and
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only occurs under specific conditions and very high flow
rates, or percolation flux rates.

The fl ow focusing that we just discussed, and fast
fl ow paths, some of the Chlorine-36 bonb pul se signals, or
other fast flow path indicators after we have resol ved them
t hrough the conparative studies that are ongoi ng now, wl |
gi ve us confidence in these results.

Final topic, thermally driven coupl ed processes
effects on seepage. W going to talk about TH, THC and THM
nodels in ternms of |ithophysal cavities, in terns of therma
operating nodes, and in terns of this fully coupl ed nodel.

We're going to start off with the THdrift scale
for a high tenperate node. The main concern here, as we have
di scussed in many of the NWIRB neetings, are that when you
boil water, it condenses over the drifts, and it's going to
go back and seep into the openings and cause, of course nmjor
probl ens |ike that.

We have done lots of studies, both at Livernore and
at Berkley and at Sandia, all three |ocations, to | ook at
this problemfromvarious points of view, including very
rigorous nunerical sinulations with heterogeneous flow fields
and anal ytical expressions and approxi mati ons, and ot hers.

What we are showi ng you here on the right side are
the flux of water 5 neters above the drift, just for

conparison. You renenber we had a | ot of discussion about
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this 5 nmeters above the drift issue that we used before in
past TSPAs. And you will see just what we showed you before.
You're going to get a lot of fluxes for the high tenperature
case 5 nmeters above the drift, because of the capillary
suction that attracts water towards the drifts.

The bottom thing here shows, though, for a 5 neter
drift that has a radius of 2 1/2 neters, none of that water
seeps into the drifts. Al of our sinulation studies for the
hi gh tenperature case show no seepage of water going into the
drifts. diff Ho of Sandia did a very conservative episodic
flow study in addition to these nunerical studies, and showed
that there was potential for sone seepage under the high
tenperature reginme, and that is what we conservatively use in
the TSPA. So it's included in TSPA, but very little seepage
occurs.

O course, that is because during the high
tenperature reginme, you boil off a lot of the water in the
matrix. This happens to be the matrix and the fractures, and
you get this big dry-out zone, and whatever water tries to
get through here, boils up and goes away agai n.

Now, let's |ook at the |ow tenperature case. 1In
the | ow tenperature case, the sane processes do not occur
We do not get boiling around the drifts. The matrix bl ock
saturations remain practically intact at 80 percent

saturation.
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However, we get sone dry-out in the fractures bel ow
the drifts sinply because when you increase tenperature, the
solubility of--you know, the partial pressure of water in the
gas space increase, just as a fraction of tenperature. That
causes just sinply drainage in the fracture system bel ow
here, as well as the shadow zone effect, because the shadow
zone nmakes water want to go around here.

So, you see here a large, fairly large zone here
after 500 years of dry rocks in the fractures bel ow the
drifts. JimHouseworth in his talk tonorrow about transport
will give you indications for transport issues because of
this dry-out zone in the fractures.

Wien we do seepage studies, however, with the | ow
tenperature, we see alnost no inpact on seepage. It's as if
it's anbient with the | ow tenperature case, which nmakes sense
because water is basically close to the drift. Tenperature
of water is a little higher, but the seepage potential is
pretty nmuch the sane as in the anbi ent case.

We directly used, therefore, the anmbi ent seepage
nodel for TSPA cal culations, and this is slightly
conservative because the seepage under those conditions is a
little bit less than in the anbi ent case.

So, to conclude or summarize this effect, because
this is fairly inmportant, we have done multiple sinulations

of various locations with different approxi mations, with
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het erogeneity, and this confirns to us that seepage is going
to be nuch less during the thermal period for the high
tenperature case, which is good for performance, because it's
going to boil off, |ess seepage.

For the | ow tenperature case, it will not help with
t he seepage issue, and you get pretty nmuch the sane seepage
as in the anbi ent case.

Now we're going to | ook at THC coupl ed processes at
the drift scale. W're going to |look at two things now,
precipitation dissolution in the fracture system and effect
on perneability; secondly, the chem stry of water and gases
entering the drifts for both the | ow and the high tenperature
oper ati ng nodes.

This show a perneability reduction after about
20,000 years of simulations in the drift scale. Here's the
drift. Here's our nodel. This is the heterogeneous
perneability field that Eric Sonenthal, which is in the
audi ence, applied. This is the perneability changes after
20,000 years of sinulations. You see |localized effects here
that are related to the | ow perneability areas.

So, basically, there are very small changes that
have practically no inpact on performance. The
perneabilities in the small perneability areas go a little
bit down, and that's about it. The inpact on performance is

very, very | ow.
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This shows the chem stry for the high and the | ow
tenperature case where we conpare those two. W show here
the CO2 concentrations, show here the tenperature. W show
here the saturations. This is up close to the crown of the
drift.

Starting with the tenperature, this is the
tenperature. This is the tenperature for the |ow tenperature
case. W ventilate for 300 years. After that, the
tenperature goes up to sone 70, 80 degrees at the crown.

Anbi ent stays the same, obviously.

For the high tenperature case, you ventilate for 50
years. The tenperature goes up to sone 85, 90 degrees. Then
you quit ventilating, and it goes up to sonme 150 degrees at
the drift crown, and then starts to go down with tine.

Qoviously, in this case, nothing happens in terns
of CO2--concentrations or positive pressures, until you start
boiling. You have a little changed reduction in the CO2
content of the fractures here in the beginning, just because
we dry out the fracture with the increase in the
tenperatures. Then what happens is at this point here, we
quit ventilating, and then you start boiling the rock matrix,
and all the CO2 goes into the gas phase, into the fractures,
and that increases the CO2 content for a limted tinme, sone
50 years. After that, you boil sone nore, there's no nore

COx2, it all gets diluted, and the concentration of CO2 goes
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practically to zero, because you continue to boil, CX2 is
gone, and you practically have pure water steamthere, no CO2
present.

After that, when you start to cool down sone nore,
you start to have the effect of, of course, the infiltration
carrying some CO2 with it in the liquid phase, and you start
to build up the CO2 fromthere. This is also shown in the
saturation. Nothing nuch happens in the anbient case. This
is climte change here after 600 years and 2,000 years, and
then you have the dry-out period and the high tenperature
regi ne.

Now, if you |ook at sone other conponents, the pH
you | ook at the chlorides and you | ook at the fluorides,
fluorides is very inportant for corrosion of the waste
packages, this is water comng in through the drifts,
suddenly if you |l ook at the chlorides here, when you start to
boil, when you start to heat up sone of the water, the
fractures dry out and, therefore, the concentration of
chlorides increases slightly. The same thing with fluorides,
it increases slightly, but then you al so have the dissolution
of fluoride fromthe rock, which also increases it slightly.

The pH drops down here pretty nmuch in the beginning
to just the tenperature effect, degassing of CO2, so it
doesn't stay up 8.2 or 8.3 |ike the anbient case, it drops

down because you start to degas CO2 right away, and the
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reaction of the bicarbonates and all of that, reduces the pH
And then you have very simlar effects in the |ow and the

hi gh tenperature, except of course during the dry-out period,

you can't define pH because there's no |iquid phase present.
There is only steam present.

Now, finally, this is the last topic, we go into
the THM effects on the drift scale, and the effects on
seepage. As all of you know, there are several inportant
things wth respect to THM effects. The first one, of
course, is the normal stress changes. You basically heat up
t he rock mass, you have expansion of the rock mass. You
decrease the aperture because of expansion of the rock mass
into the fractures. That's the normal stress, the norma
di spl acenment and reduction in perneability due to heat.

The ot her one, of course, is the sheer effects that
Steve Blair of Livernore has been concerned with where you
actually have kind of like a rapid sheer that actually
i ncreases the perneability because you' re kind of rubbing the
fractures together and generally results in increased
apertures. Therefore, you mght increase perneabilities
t here.

These are sonme of the results from Steve Blair of
his work using a discrete fracture el enment nodel, and he
concludes that he gets fairly large perneability increases

close to the drift due to sheer, about one order of magnitude
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increase in perneability, and of course it nmakes sense as
close to the drifts, because that's where you expect to see
nost of the stress changes. Away fromthe drift, he has
| oner perneability changes, nostly reductions in
permeability.

We al so have done a continuum nodel rather than the
di screte fracture nodel, and that is close to the drift.
This is actually a calibration of this nodel versus the niche
data, because we know that when we drill out the niches, you
increase the perneability on here at the top of the drift,
which is shown here, which is the red thing, increased
perneability, and you actually decrease the horizontal
pernmeabilities and increase vertical perneabilities at the
site of the drifts. This is neasured in the niche data, and
this is what we use to calibrate the continuum nodel

We al so calibrated the conti nuum nodel against the
di spl acenents fromthe drift scale thermal tests and
perneability changes due to air Kin the drift scale therm
tests. But I'mnot going to go into detail with that. [|I'm
just going to show you the results, which is shown in the
next slide.

These are results after only about ten years. Wat
you see after ten years, you see generally a perneability
reduction closest to the drifts, and away fromthe drift

going all the way close to the mddle of the pillars, both
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for the high tenperature and | ow tenperature case. The
results are fairly simlar. Perneabilities generally go
down, except for the sheer effect close to the drift that
Steve Blair was worried about, and the changes are only | ess
than an order of magnitude for this nodel, which is based on
calibration against the niche data and the drift scale test
dat a.

When you go to 1,000 years, sonme of these effects
continue, but these are reversible effects. The sheer
effects on perneability are not reversible. You wll
continue to have the increased small |evel of pernmeability
close to the drift, but the normal stress caused by the
tenperature, after it cools down, it's going to open up the
fractures again and becone reversible.

After 1,000 years, in this lower |ithophysal, you
see only a perneability reduction of a factor of two in the
| ower |ithophysal, which is very, very small and has no
i npact on seepage. In the mddle non-lithophysal, you have
nore of an effect, about an order of magnitude. And why is
that? The reason is two-fold.

Nunmber one, the perneability of the m ddle non-
lithophysal is |lower than the |ower |ithophysal and,

t herefore, you have snaller apertures of the fractures and,
therefore, smaller changes and stresses, and smaller aperture

change causes nore effect on perneability, A
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B, since this is shallower, the total stress
overburden is | ess and, therefore, you need |less therma
stress to nake perneability changes. But still, these are
about an order of magnitude changes in perneability
reduction, and has very, very little effect, we believe, on
TSPA effects.

We may consider, considering both the--the effects,
to run it through TSPA, the next iteration of TSPA, just to
make sure that we are not wong when we think that this is
not very inportant.

So, we have gai ned confidence through the niche
studies and drift scale studies. Miltiple |lines of evidence
i nclude the NTS THM experiments, underground testing at
Stripa, and geot hernmal anal ogues.

Mul tiple lines of evidence for this whole
di scussi on of seepage. TH, drainage of water outside an
above-boiling region of rock is corroborated by the drift
scal e test observations. Mdelling has been verified through
simul ation of tuff dissolution and fracture precipitation
experinments that have been done both at Livernore and at
Berkley. Active geothermal and fossil hydrothermal systens,
t hey have verified all the processes that we have tal ked
about, all the mnerals that we have seen deposited, et
cetera. The heated bl ock at Rainier Mesa has shown very

simlar effects on excavation and stress and tenperature
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changes. That's what we are seeing in our sinulations. And
the Stripa experinent has provided some information about the
single fracture closure on permeability.

And then finally, to conclude, very generically, we
have devel oped a | ot of analysis and nodels for unsaturated
zone flow and seepage under anbi ent conditions, near field
effects, coupled processes nodels in both nmountain scal e and
drift scale to address inportant issues raised by the Nuclear
Wast e Techni cal Review Board, as well as our own program to
eval uate the effects of coupled processes on three-

di rensi onal flow, seepage and ot her areas.

We have gai ned confidence through the different
conceptual i zations and different approaches that conplinent
each other in many ways. W have eval uated unquantified
uncertainties in flow and seepage. W have used new
information to refine quantified uncertainty. W have
br oadened the conceptual basis with nmultiple Iines of
evi dence. And we have extended the thermally driven coupl ed
process simulation over a range of operating nodes from sone
80 degrees centigrade, to 150 or high degrees centigrade
close to the drift wall. And we have devel oped new nodels to
exam ne nountain scale effects, including THC and THM nodel s.

That summari zes ny tal k.

BULLEN: Thank you, Bo. Questions fromthe Board?

Pari zek?
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PARI ZEK:  Pari zek, Board.

At page 13, | guess you showed an extension in the
event of increasing the footprint size, and you went south.
| think at some briefings, we've seen a footprint going
north, and there was also a possibility of a footprint going
west, | guess in the Jet Ridge to the west of a fault.

| s there any reason why you went south, or is that
current thinking?

BODVARSSON:  Well, a couple of answers to that. You're
actually right. The repository footprint was extended about
a year ago to the north by sonme several hundred neters, about
500 neters, or sonmething like that, if | renmenber correctly.

The design has consi dered options of going down to the
south. There are other options that we could have consi dered
al so, but this was one option that was on the books | think
six nonths ago to nine nonths ago, and we decided to go with
that one. And we were concerned about the quality of the
rock here to the south. W were concerned about the
avai l abl e data to the south here, and we were concerned about
t he geol ogical information and flow and transport
information. That's one of the reasons.

HOMRD: Just to confirmwhat Bo has said, the footprint
that extends to the south, there's actually a |layout of that
in the Science and Engi neering Report that shows that

expansion area. There's other footprints that you' ve seen.
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There are probably footprints associated with the EI' S
cal cul ati ons where we al so went to--looked at areas in the
east and the west. So there is real estate out there we've
| ooked at. This is what we asked Bo to | ook at for this
particul ar study, was going to the south. That was the
current think, but it certainly will change as we--

PARI ZEK: We had sone observations of going north, and
whet her or not the one level rise associated with the pluvial

conditions could cause maybe saturation. There's that issue

if you do go north, you had this question of adequate
separation between the footprint in that direction. | didn't
know whet her that was a reason that maybe it's been dropped

out of this diagram
BODVARSSON:  You nean the steep hydraulic gradient?
PARI ZEK: Ri ght.
BODVARSSON:  We | ooked at that in great detail, and |
think sone of that is in the report, and it basically
concl udes that under the conditions we assune, and diverse
climate conditions, we are still some 100 neters of distance

between the repository and the potential water table rise in

t he north.
PARI ZEK: That woul d be the other northern extension.
Now, to the south, we also had | think Chlorine 36 and al so a

concern about tritium So the probability distribution to

the south would be well known, or not so well known? |s that
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an area where you really have nuch data?

BODVARSSON: No, you're right. There are just a few
boreholes to the south. The block itself is not as well
intact as this block here. There are some faults around
here, and there's also we think it mght be alittle bit nore
fractured there. So the question arises also what is the
Chlorine 36, we didn't see any in the south, but we believe
there's sone tritiumthere, though. What does that nean? M
belief still is that it's possible flow paths--be at
what ever, are rather inmmaterial. This is less than 1 percent
for the total flow W' re always going to have flow, fast
fl ow paths, everywhere. Wth respect to dose, it doesn't do
anything for you.

PARI ZEK: Ckay. You showed | think on Page 19, there
was sone cenent devel opnent around the faults to the north, |
guess it was that m ddl e di agram

BODVARSSON:  Thi s one here?

PARI ZEK: Yes. |Is that cenenting enough to nmake any
difference to perneability of the fault zone, or that's again
a general conclusion that it's trivial?

BODVARSSON:  General conclusion is that this is not
sufficient to cause any inpact on the repository performance.

PARI ZEK:  Then you have a figure which shows the water
di stribution going off the PTn and goi ng down through fault

Zzones.
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BODVARSSON:  Yeah, that's Slide Nunmber 8, is it? No,
11? Yeah, 11.

PARI ZEK: There's another diagram a cross-section
di agram t hat shows perched water below, and the PTn is
sheddi ng water off the PTn through the fault zones.

BODVARSSON:  You' ve got to nane the nunber, D ck

PARI ZEK:  This di agram was actual ly | ooking at sone
ot her effects, but previous presentations, you' ve had the PTn
redi stribute water, and you alluded to that again today.

BODVARSSON:  Yeah.

PARI ZEK: Now, if that's been going on through tine,
particularly in pluvials, shouldn't we find nore secondary
mnerals in the fault zones, the main drains, the vertical
drains, than what's seen there? O is there plenty of
calcite in the fault zones to acconmodate that increased
flow? But you're saying you're distributing the noisture
fromthe PTn, it's going to shed off into the faults and nove
vertically dowward. But we should see sone evidence of that
t hrough geol ogi cal tine.

BODVARSSON: Certainly if you believe, and | have no
reason not to believe studies by JimPaces and these guys
that think that the calcite deposition is a direct function
of the total accunulation of flow over |ong periods of tine.

So if you would have nore flow through the faults, you can

argue you see nore calcite.



© 00 N oo o B~ w N P

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

115

PARI ZEK: Right. And do they find that on those
principal faults. Your principal drains, you've |abelled
them here pretty nuch

BODVARSSON: | don't renenber. Does anybody- -

PARI ZEK: We've got mllions of years to do it, in other
words. Every pluvial through tinme should have given you that
i ncreased fl ux.

BODVARSSON: Right. | personally believe when you take
a look at perneabilities in the faults, we have various data
that show that |lateral perneabilities in faults is sone
t housands of darcies, huge. Well, there's certainly no
calcite to bother you there. Wen you |ook at the
tenperature signature in the dataset also, they al so show
that there seens to be preferential flow paths down the
fault. That indicates--because you get |ower tenperatures
around the faults. That seenms to suggest that is flow
focusing near fault is actually real also. But all the
faults that | have seen have significant perneabilities to
them That nmeans that if there's a lot of calcite there
it's not sealing well.

BULLEN: Sagués, Board?

SAGUES: | have a couple of questions. The first one
has to do with the nmultiple lines of evidence in Nunber 28.
| wanted to know do you nmake any tests--or nmake any

quantitative analysis of these issues. For exanple, say take
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t he exanple of the Egyptian tonbs, is there like, for
exanple, a quantitative conparison, say, if the precipitation
rate was so much, and characteristics of the rock was so
much, and so on, that there would be sone kind of a
met hodi cal printing of that, or is it just qualitative
i ndication that--give us a good picture of sonething--

BODVARSSON: My recol l ection, and others here can
correct me if I"'mwong, is the followng. In John
Stuckl ess' report, he visited various tonbs and tunnels in
different areas. | know many of them he docunented
precipitation. He docunented the rock types. He docunented
various things that could be used to quantify the situation
and make sure it's consistent with our seepage nodels. But
we haven't done that. So the available, to summarize, the
avai lable information is in reports, but we haven't used our
seepage nodel on those sites.

Does anybody--well, all of you guys know nore about

this than I do, so why doesn't one of you speak up? If you

don't speak up, I'll pick one. | think that's right.
SAGUES: Al right, | guess that we're going to leave it
at that. And | have another question on Nunber 16. Wen

saw that picture, | think that it's the vast effect that the
repository heat will have on the nmountain. The tenperature
gets increased dramatically over hundreds of neters. And |

know, of course, that nost of these nodels anal yze effects on
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a local basis certainly, and so on, but how about things
i ke, for exanple, accommodating thermal expansion on a
gl obal basis. |Is that incorporated in any of these nodel s?

BODVARSSON:  Yeah. That's in the THM nodel, the therma

hydr ol ogi cal nmechanical nodel. |[If you go down a few slides?

Next. Go through all this. Next. This one. This nodel,
which is a THM nodel on a nountain scale, and is also on a
drift scale, what that does is exactly that, it takes into
account the expansion coefficients, the thermal stress
associated wth the thermal expansion of the rocks. Then it
extends the rock into the fractures and cal cul ates the effect
of perneability due to this expansion on a global scale over
the entire nountain.

SAGUES: How wel | validated are these nodel s? Are there
anal ogues, for exanple, from places which you have vol canic
intrusion, or sonething like that? Have these things been
used in other systens in a manner that would be considered
satisfactory, or is this sonething |like a one of a kind kind

of anal ysi s?

BODVARSSON: That's a very good question. M/ person
bias with respect to that is the followng. | have a plot
that | did years ago, and it's published in a journal article

that shows fractured geothermal system and perneability as a
function of tenperature. GCkay? Going from 100 degrees

centigrade to 300 degrees centigrade, |arge tenperature
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range. It shows a pure correlation of reduction in
tenperature and reduction in perneability over about one
order of magnitude over that tenperature range for 30
geot hermal systens worl dw de. Okay?

That, to nme, is lots of evidence, at least to
nmysel f, that tenperature does cause expansion. Tenperature
does decrease perneability because of expansion. The norma
conponent of stress going into the fractures is probably nore
i nportant than the sheer conponent, because generally vol une
decreases. But the overall conclusion, one order of
magni t ude over from 100 to 300 degrees is not very inportant,
but it really verifies these results.

SAGUES: Again, now going one step further into the
conplications, say effects of this kind of massive
tenperature increase on biological issues, is there anything
that can grow inside the mountain? | nean, we're talking
here about a systemthat is very large, in which you take the
tenperature up like 10, 20, 30 degrees centigrade for a
coupl e thousand years. Wat has happened in addition to what

all of this--considerations. Has anyone |ooked at that?

BODVARSSON: | amcertainly not the right person to
answer that. | have one flower in ny apartnent and it's
al nost dying. Can anybody here hel p us?

BULLEN: Bul | en, Board.

Way don't we defer and ask if we can get that one
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answered on the side. 1'd like to et Normask one, and then
|"ve got one, and then Richard gets the |ast question, and
t hen we have to nove on

Norm go ahead.

CHRI STENSEN: Bo, is there enpirical evidence to support
the drift shadow? |'mparticularly interested in whether
sonme of the anal ogues support the notion of the drift shadow,
and particularly the magnitude that it seens to show up in
t he nodel s.

BODVARSSON: We are in the process now of identifying
t hese anal ogues for drift shadows, and there's no question in
ny mind that every dry tunnel that John Stuckl ess has seen
will have a drift shadow, because of course if water only
goes around, you will see a drift shadow. WII it have
effect on performance, as our nodels show, can only be
verified by actually experinent. | amtotally with you
there. There has been--we owe it to DOE, our report by the
end of this fiscal year with our shadow zone studies that Jim
Houseworth and ot hers have been doing, where we are going to

outline potential analog sites and testing avenues to pursue

this issue. At this time, | couldn't tell you the nost
prom sing one. In two or three nonths, we will have that
report to the Departnment of Energy.

CHRI STENSEN: There will be sonething on this?
BODVARSSON:  Yes.
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BULLEN: Bullen, Board. 1've got a note from Parizek
and | just have a couple of quick questions, and then | may
defer to John Pye, who asked a question that |I'mnot sure |
can exactly repeat.

| f you look at Figures 16 and 17, | have a little
bit of question about the high tenperature operating node and
the | ow tenperature operating node and the definition
thereof. If you |look at the previous one, 16, the high
tenperature operati ng node which you have here, it |ooks |ike
a 1.35 kilowatt per neter load wth 50 years of ventil ation?

BODVARSSON:  Yeah.

BULLEN: And the lowis the sane l[ine |oad with 300
years of ventilation?

BODVARSSON:  Yeah. 80 percent ventilation.

BULLEN: Yeah. Wy do you need a bigger footprint?

It's the same |ine | oad.

BODVARSSON: It's the sane line |l oad. Wy do we need
the bigger footprint? | don't renenber that. Do you
remenber that, Rob?

BLINK: JimBlink, Livernore. The |oan |oad for the | ow
tenperature operating node is 1.13 kilowatts per neter
That's a typo.

BULLEN:. GCkay. So that's just a typo? Ckay, never
m nd.

John Pye, would you pl ease ask your |ast question?
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And 1'll give you the |ast--

PYE: It's the THM analysis of the data | see associ ated
wi th the dataset based on reverse nodelling. There is a
sparsity | think of thermal nechanical data. So how do you
conbi ne the datasets that we have on the constitutive basis,
and what uncertainty, is that introduced into the nodel s?

BODVARSSON: | guess if | understand correctly, John,
you are concerned about the limted data for therma
nmechani cal properties, and how can we trust the nodels if you
have such limted data?

PYE: Yes.

BODVARSSON: My answer is the followi ng. W have an
extrenely inportant and good test going, which is the drift
scal e test, that has heated a huge amount of rock over--a
huge vol une of rock over years and years and years. W have
a very effective test in the single heater test that also
heated a | arge volume of rock. Both of these tests, we have
perneability changes, air perneability, perneabilities of
fractures that change by |l ess than an order of magnitude, a
factor of two generally. W also see that they are
reversible in the single heater test, and we expect the sane
in the drift scale test.

So all experinental tests that we have verify what
we have seen in the nodel. W then use geothermal anal ogues,

the data | was just discussing with this gentleman there,
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that shows the geothermal anal ogues, the effect to be within
an order of magnitude. And, therefore, we think we have a
fairly good basis for what we have concl uded so far.

Do we ever have enough data? No.

PYE: What about the constitutive basis between therm
hydr ol ogi cal and mechani cal properties, how do you pull those
t oget her to conbi ne datasets?

BODVARSSON:  Well, to ne, the best way--you can do
constitutive basis by various neans. One is theoretical
devel opnent, one is |aboratory experinents, and the third one
is actually | ooking at the data in the field through a | arge
scal e test, or through geothernmal anal ogues over thousands
and thousands of years. The theoretical basis | put down
here. Lab experiments | put here. Field experinents and
geot hermal anal ogues | put way up here. So I think since we
rely on this up here, we have a nuch better foundation for
any theoretical work or |ab work.

BULLEN: Thank you, Bo. I'mgoing to have to ask that
we call the end of this question session and nove on to our
final presentation of the day, so that we can allow tine for
publ i c conment.

The final presentation is by Robert MacKi nnon of
Sandi a National Laboratory. He is the manager of the
Engi neered Barrier System Departnent in the Science and

Anal ysi s organi zation for the Manager and Operations
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Contractor of Bechtel SAIC Bob?

MACKI NNON:  Good afternoon. |'m Robert MacKinnon. |'m
wi th Sandia National Laboratories. |'mthe EBS Departnent
Manager .

Before | begin nmy presentation, |I'd like to

acknow edge the EBS staff and the hard work and | ong hours
that they put into conpleting their conponents of the SSPA
during the past several nonths. And, in particular, | would
i ke to acknow edge sone of the |lead authors for the various
sections, in particular, JimBlink for Section 5 on the in-
drift thermal hydrol ogy; Ji m Nowak and Darren Jolle on
Section 6 on the in-drift chem cal environment; John Case for

Section 8 on the EBS flow, and M ke G oss, Section 10 for EBS

transport.

The outline of ny presentation is as foll ows.
First, I will give an overview of EBS system environnents,
basically outline key processes in the EBS environnent, and

relate those to work that we've conpleted for the SSPA. 1"l
t hen describe the individual EBS process conponents, which
i nclude the thermal hydrol ogi c environment, the chem cal
environment and flow and transport.

My goal here will be to sunmarize the new node
i nprovenents in the supplemental TSPA that quantify inportant
uncertainties. |I'll then summarize unquantified

uncertainties that we have evaluated. 1'Il provide sone
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illustrative results and the effects of thermal operating
node on nodel output paraneters. ['ll outline nultiple |ines
of evidence. And during the course of ny presentation, I'l|
refer to sone ongoing work when it's relevant, and then |'|
conclude the presentation with a summary.

This slide or table, portion of the table that's
extracted fromthe table that Rob Howard presented in his
presentation, the red font denotes sections and topics that I
wi |l discuss this afternoon. Section 5 refer to the therm
hydrol ogy section. Section 6 will be the EBS chem cal
envi ronment section of ny talk. Section 8 are discussed in
the EBS fl ow section. And Section 10 covers the EBS
transport processes.

There are a nunber of inportant processes in the
EBS environnment. W' ve done a substantial amunt of work the
past three or four nmonths quantifying uncertainties,

i nproving our technical basis and our understandi ng of these
processes. These include the thernmal |oading and ventilation
that determine the heat energy that's input into the EBS and
t he surroundi ng host rock. W've nade a nunber of node

i nprovenents on our nulti-scale nodel. W are currently
doing pretest ventilation predictions for quarter scale
ventilation tests that wll be initiated here this sumer.

W' ve done some work in natural convection

Nat ural convection arises fromdifferent tenperature
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di fferences between EBS conponents. W're currently doing
t hr ee- di nensi onal conputational fluid dynam cs anal yses and
pretest predictions in support of convection experinents,
gquarter scale, that we have planned to initiate this sumer
al so.

The incom ng water and gas conpositions into the
EBS provi de the boundary conditions for chem cal environnent.

Those conpositions are uncertain and those are provided to
us by the near-field environnment. Dr. Bodvarsson addressed
some of the issues and uncertainties associated with the
incomng water. In the supplenental TSPA, we do now account
for those uncertainties in the incom ng conpositions, and we
propagate those through the in-drift chem stry nodel

The chem cal interactions inside the EBS determ ne
the chemcal conditions in the invert that control the
solubility of radionuclides and the stability of coll oids.
W' ve made inprovenents in that nodel, particularly in our
dat abase, that allow us to cal cul ate chem cal conditions for
concentrated sol utions.

Water flow through the EBS is primarily controlled
by drip shield and waste package degradation. W've inproved
our nodels for calculating flux through the drip shields and
wast e packages. W' ve reduced conservatismthere and
i ncor porated sonme key uncertainties.

Waste form degradation is a source termfor



© 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

126

radi onuclide transport. W' ve nmade a nunber of inprovenents
in the area of transport, particularly inside the package.

We now account for radionuclide diffusion in the package. W
al so account for radionuclide sorption onto in-package
corrosion products.

Rock fall is another process that inpacts the
environment. | will not discuss this issue further in ny
presentation, but we have conpleted a nunber of sensitivity
anal yses, in-drift degradation for the SSPA, and they're
docunented in Section 5.

This slide summari zes the key inputs to our therma
hydrol ogi ¢ nodel, and the key outputs. W get inputs from
t he unsaturated zone, subsurface design, waste package
design. The key outputs fromthis nodel are relative
hum dity and tenperatures at the waste package surfaces, drip
shield surfaces and in the invert. Water flow rate, water
saturation, and water evaporation in the invert, we use those
for our chemstry calculations in the invert. Wter
evaporation rate at the drip shield/ waste package, we now
i ncl ude evaporation of seepage when it hits the drip shield.

We provide percolation flux to the unsaturated zone fl ow
seepage nodel

This slide sunmari zes the differences between the
TSPA- SR thermal hydrol ogi ¢ anal ysis, and the anal yses that we

conpleted for the SSPA. W conpleted a high tenperature
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operating node and a | ow tenperature operating node anal ysis.

The main difference between our thermal hydrol ogic
nodel for the TSPA-SR and the suppl enental nodel is that
we' ve updated the estimate of thermal conductivity for the
it hophysal hydrogeol ogic units.

In addition, we've addressed several uncertainties
that have been identified and eval uated using our subnodel s
fromthe TH nulti-scal e nodel

This slide summari zes sonme of the key uncertainties
that we have evaluated. W' ve categorized theminto three
cl asses; nodel uncertainties, process uncertainties and input
data uncertainties. | wll not discuss nost of these in the
presentation this afternoon. But | wll show you sone
results, particularly the sensitivity thermal hydrol ogic
performance to thermal conductivity.

| apol ogi ze for the orientation of this slide.
This is an attenpt to show sensitivity of in-drift TH
performance to various uncertainties, and JimBlink in his
talk tonorrow afternoon will go into nore detail on this
slide. | just want to focus in on a couple of uncertainties.
What we have on the axis here is variation in peak
tenperature fromthe high tenperature and | ow tenperature
base case. So, right here is zero degrees. At zero degrees,
that indicates the peak drip shield tenperature cal cul ated

and the | ow tenperature and the high tenperature operating
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node.

Let's ook at thermal conductivity. W varied
thermal conductivity fromthis maxi mum val ue for the wet
thermal K of 2.01 watts per neter K, up to 1.13 watts per
meter K. The peak tenperature on the drip shield varied by
al nost 80 degrees. That's in the high tenperature operating
node as indicated by the red bar. The |ow tenperature
operating node is indicated by the blue bar, and you can see
that the peak tenperatures calculated with our nmulti-scale
nodel are less sensitive in the |ower tenperature operating
node than they are in the high tenperature operating node.

And you can | ook across the slide and you can see
that the two significant uncertainties are |ithophysal
porosity and thermal conductivity, and their effects are
al nost--are essentially the sanme. That's because the primary
effect of varying lithophysal porosity is on the therm
conductivity.

This slide shows the inpact of uncertainty on drip
shield surface tenperature for the high tenperature and | ow
tenperature operating nodes. On each plot, on the Y axis, we
have tenperature; on the X axis, we have tine. This shows
t hat the dependence on thermal conductivity, we reach a peak
tenperature shortly after closure. The tenperatures decline
down to ambi ent tenperatures at around 100,000 years. You

can see that our tenperatures, as | indicated on the previous
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slide, are about an 80 degrees swi ng here when we vary
t hermal conductivity.

On the | ow tenperature operating node, and pl ease
note the scale here is different on these two plots, but the
swing here in tenperature is approximately 15 degrees. So
you can see that the inpact of thermal conductivity
uncertainty on drip shield tenperature is nore significant in
the high tenperature operating node as conpared to the | ow
t enper at ure operati ng node.

And the sane sort of conclusions can be nmade with
respect to relative humdities within the drift at various
| ocati ons.

This slide shows conparison between the different
operating nodes, waste package tenperature sensitivity, the
| ocati on and waste package type. As you can see, the
t enperatures are nuch hi gher obviously in the high
tenperature operating node as conpared to the | ow tenperature
operating node. This slide also shows the separate curve is
wast e package tenperatures calculated in regions in the
center of the drift. This is near the edge of the drift.
You can see we have substantial variability in waste package
surface tenperatures across the repository. W also have
variability in waste package tenperatures for the | ower
tenperature operating node, although the variability is |ess

significant.
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Sonme concl usi ons coul d be made about the waste
package types, where we've got the PWR waste package, top
curve, high | evel waste package is the | ower curve.

This slide shows relative humdity sensitivity to
| ocation. The high tenperature operating node is represented
by the red curves here, and you can see that for the entire
post-cl osure period when we conpare the two operating nodes,
that the high tenperature operating node has a tendency to
have higher relative humdities on the waste package
surfaces.

Also, I1'd like to point out here that it's not
indicated on the slide that the |ower curve, up until about
900, 000 years, is for the center of the repository. This
curve actually, it's not very well indicated on this figure,
but it actually crosses, and this curve up here represents
the center of the repository. So the center of the
repository is represented by this curve as it crosses over.

The outside of the repository is represented here,
and it crosses over and follows this trajectory here. So,
basically, in the high tenperature operating node, the
relative humdities are lower in the center of the
repository, and then that switches at |ater tinmes, where the
relative humdities are actually | ower at the edges of the
repository than at the center of the repository. And this is

due to the fact that as tenperatures el evate, heat transfer
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due to radiation and convection is nore effective, decreasing
the tenperature differences between the drift walls and the
wast e package surfaces. This tends to increase the relative
hum dity on the waste package surfaces.

In the | ow tenperature operating node, heat
transfer is less effective and, therefore, the tenperature
di fferences between the drift walls and the waste package
surfaces, for exanple, actually tend to be greater and,

therefore, we get a greater reduction in relative humdity.

This is a slide show ng invert evaporation
sensitivity to location. Invert evaporation is inportant
because it determ nes the chemstry in the invert. This

slide shows that in the high tenperature operating node, in
| arge regions of the repository, the inverts are actually dry
for the first thousand years, and at later tinmes, the
evaporation rates in the high tenperature operating node are
greater than the evaporation rates in the | ow tenperature
oper ati ng node.

This is inportant to renmenber when you're mnaking
conpari sons between the chem cal conditions in the invert
bet ween the | ow tenperature operating node and the high
t enper at ure operati ng node.

Anot her thing you can notice here, too, is that the
variability between the center and the edge of the repository

is greater for the high tenperature operating node than the
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| ow t enperat ure operating node.

The only uncertainty that's actually included in
the TSPA-SR and in the supplenental TSPA fromtherma
hydrol ogy is the uncertainty associated with the infiltration
field. So that is the same in both the supplenental and the
TSPA- SR

This slide shows the sensitivity of waste package
tenperature to infiltration and | ocation. So you can see in
the high tenperature operating node, variability is nuch nore
significant in the tenperatures, and the sensitivity to
infiltration rate is sonewhat nore sensitive than in the | ow
t enper at ure operati ng node.

So in the | ow tenperature operating node, we've got
| ess variability in waste package tenperatures, and the
sensitivity toinfiltration is also |ess.

"' mgoing to sunmarize the inpacts of the different
thermal operating nodes. WAste package tenperatures, the
hi gh tenperature operating node peak waste package
tenperatures range from 126 to 185 degrees C., versus 65
degrees to 91 degrees C. for the | ow tenperature operating
node. And that's based on nean infiltration anal yses.

Tenperatures are sensitive to thermal K, but nore
so for the high tenperature operating node. The high
tenperature operating node al so exhibits larger variability

in waste package tenperatures and stronger dependence on
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infiltration fl ux.

Wast e package relative humdity tends to be | ower
in the |ow tenperature operating node, with less variability
and dependence on infiltration.

| nvert saturation. Inverts tend to be dry up to
1,000 years, depending on location in the high tenperature
operating node. Saturation trends are simlar for both
operating nodes after 1,000 years.

| nvert evaporation rates tend to be nore variable
and higher in the high tenperature operating node after 1,000
years.

We used data, are in the process of using data from
vari ous sources. W currently are performng a fully three-

di mensi onal NUFT sinmulation for a partial, or a segnent of an

enpl acenent drift to provide a benchmark for nulti-scale TH
nodel . We used data fromthe various field tests. W have
data froma quarter scale drip shield condensation test. W

are about to conduct quarter scale ventilation and natural
convection tests. And we are currently analyzing some THC
| aboratory columm tests.

That concludes the TH portion of the talk. Now
"1l nove into the chem cal environnent portion. W get key
inputs for this nodel fromthe near-field environnent, from
the TH environments, and from design. Key outputs include

wat er conposition at various locations within the drift.
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| should point out that in the TSPA-SR and in the
suppl enental TSPA, we do not cal cul ate chem cal conditions on
the drip shield and on the waste package, and the reason we
do not do that is because the degradation nodels for those
barriers do not explicitly include the dependence chem stry.

In the invert, however, radionuclide solubility and
colloid stability are dependent on chem cal conditions, and
we provide those chem cal conditions.

Mai n i nprovenent for the chem cal environnment node
for the supplenmental TSPA is that we do include the
uncertainty associated with incomng fluid conpositions, and
we perform anal yses both for the high tenperature operating
node and the | ow tenperature operating node.

This table summari zes sone of the key chem cal
environment uncertainties. The red font denotes those
uncertainties that are included in the supplenmental TSPA, the
uncertainty in the conpositions of the fluids entering the
drifts, which I just nentioned.

The ot her key uncertainty is that associated with

radi onucl i de sorption on the corrosion products. Pat Brady

in his waste formtalk will discuss this issue in nore detai
t onor r ow.

One of the inprovenents, nodel inprovenents, is we
have devel oped a nodel for the mxing of different waters in

the invert. There's water fromat | east three different
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sources. That includes water fromfractures, water fromthe
matri x, condensation water, and water fromthe waste package.
Al'l of these waters basically have different chem ca
conpositions. And although we didn't get this nodel
conpleted in tinme for inplenentation into the suppl enenta
TSPA, it is a nodel that we plan to inplenent in the next
TSPA.

This slide illustrates the effects of evaporative
concentration for tw different water types, a tuff pore
water type, and a J-13 water type. These waters are
representative of the two types of waters that can cone into
the drift fromthe near field. Fracture water, or J-13 water
type, enters the drift at the crown of the drift, and that
water tends to increase in pHas it concentrates due to
evapor ati on.

The other water type, which is the pore water,
whi ch can enter the EBS by inbibition through the invert, is
represented by tuff pore water type, which shows a trend of
decreasing pH with evaporative concentration.

The reason | point this out is because the TSPA-SR
used J-13 water type. The supplenental TSPA in the EBS uses
the tuff pore water type, primarily because the majority of
the water that enters the invert is through inmbibition. And
as | nmentioned earlier, we have devel oped a nodel to account

for the uncertainties associated with the m xing of these
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waters in the invert.

As | nmentioned, we do account for the uncertainties
in the incomng fluid conmpositions into the EBS, and this
slide just illustrates the nechanismby which we do that in
TSPA. W receive--the incom ng conpositions are transient,
and what we do is we divide the post-closure period up for
the high tenperature operating node into six representative
peri ods, as indicated here, a pre-closure period, boiling,
cool down, extended cool down period, transition to anbient,
and anbient. And in each one of these periods, we extract a
representative conposition fromthe near field seepage
conpositions and use those as starting waters in our
chem stry nodel for our invert chem cal condition
cal cul ati ons.

Just to give you an idea of the inpact of therm
operating nodes on the chem cal conditions in the invert for
pore water type seepage, I'll briefly walk through this
slide.

As indicated over here, high tenperature operating
node is represented by the red dashed lines. The |ow
tenperature operating node by the blue lines. And you can
see that the | ow tenperature operating node has a tendency to
remain up in this area with pHs that range above seven. On
the axis down here, we have evaporative concentration. So

this paranmeter 1 m nus the evaporation rate divided by the
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seepage rate, when that is equal to 1, we have no
evaporation. So this axis |ocation indicates no evaporation.
To the right, it's condensation. To the left, it's
evapor ati on.

This shows you that 50 to 1,500 years after closure
in the high tenperature operating node, that our pHs in the
i nvert, once evaporation occurs and increases, the pHs tend
to decrease. At later times, the pHs tend to increase until

we're up in this region. So the main difference | want to

point out here is that in the | ow tenperature operating node,
our pHs remain typically above seven. |In the high
tenperature operating node, pHs can go down low in the range

of near five for the first several thousand years.

"1l summarize the inpact of the thernmal operating
node on the chemcal conditions in the EBS. There are two
general types of water, as | nmentioned. WMatrix water, pH
tends to go down with evaporative concentration. Fracture
wat er, pH goes up with evaporative concentration. Mtrix
water is used in the supplenental TSPA. In the TSPA-SR we
i npl emented fracture water. That's a key difference.

Bottomline is that the high tenperature operating
node will tend to have | ower pHs and hi gher ionic strengths
because of hi gher evaporation rates.

Now, JimBlink in his talk will summarize the

effects of the different operating nodes on performance
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processes. | will not do that in ny presentation beyond what
|'ve just nentioned here.

And then M ke Wlson will actually describe the
differences in doses due to the different operating nodes.
But this should provide you sone basic information on why
there are differences in the two operating nodes and between
t he TSPA-SR and t he suppl enental TSPA.

We used data from various sources, mainly published
[iterature on the formation of natural brines and evaporites.

We have | aboratory evaporation studies that have been
conducted for the project. W've nade conparisons between
our nodel s and the evaporation studies. O course we can
check using sinple handbook solubility values. There's
published literature on different waters m xing in oceans,
estuaries and | akes. And we have sone ongoi ng anal yses of

our THC | aboratory col umm experinents.

Now | 'm going to briefly just outline the work that
we' ve done in the transport, flow and transport area. | wll
not present any results in this part of the section, mainly

because of tinme. But | want to outline the main inprovenents
for the supplenmental TSPA, includes seepage evaporation at
the drip shield. W did not include that in the TSPA-SR

We' ve inproved our drip shield and waste package flux nodels.
They're | ess conservative and we have incor porated

uncertainties.
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We now have an in-package diffusion nodel. Before,
we negl ected di ffusion, and once radionuclides were rel eased
fromthe waste form they were inmmediately rel eased fromthe
wast e package. W now account for radionuclide sorption.
There are large quantities of corrosion products that form
i nside the waste packages. These can significantly del ay
dose, and those have been included in the supplenental TSPA.

And as | nentioned earlier, Mke WIson and Pat Brady w ||
show results related to sorption

This slide sumrmari zes key uncertainties that we
eval uated for the SSPA. As you can see, sone of themwere
not inplenented in the supplenental nodel, and typically that
was based on one-off UU studies that showed that their
effects were not inportant with respect to total system
per f or mance.

| npact of thermal operating node on EBS transport.

EBS fl ow, evaporation rates are a function of therm
response. In May at the |last TRB neeting, | presented sone
results on the effects of seepage evaporation on dose for
early failures. It was shown that seepage evaporation does
not produce a significant effect.

EBS transport. Diffusion coefficients are a
function of tenperature and saturation. So they're a
function of the operating nodes indirectly. Qur in-package

di ffusion nodel relies on water entering the package through



140

t he gas phase, and adsorption of water onto surfaces inside
the waste package. W cal cul ate diffusion through those
water fil ns.

The ampunt of water that sorbs onto the materials
is a function of RH, which is indirectly a function of the
thermal operating node. So this sort of sunmarizes the
indirect effects of the thermal operating node on EBS
transport.

We have various sources of data that we can use to
val i dat e our understandi ng of the processes and our nodels.
Qur EBS quarter scale tests, which include condensation
beneath the drip shield, flux through the drip shield,
| aboratory data for diffusivity of unsaturated crushed tuff,
| aboratory colum transport and sorption tests, published
i nvestigations of colloid characteristics, and field data on
colloid facilitated transport.

In summary, the efforts that we have put forward
the past three or four nonths have substantially inprove our
under st andi ng of uncertainties associated with EBS
environment, and this work will help us in planning our
future work.

Utimately, in the TSPA for the license
application, all key EBS uncertainties should be included in
that TSPA. W' ve made a significant step towards identifying

t hose key uncertainties, and we have inplenented sonme of
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those in the suppl enental TSPA.

We are currently planning our future work, and much
of that work will be directed towards conpleting our
eval uati on of uncertainties and conpl eting our devel opnent of
nodel s to inplenment those into the TSPA

And as | nentioned a couple of tines during ny
tal k, conclusions regarding the inpact of thermal operating
nodes on performance will be discussed in Mke WIlson and Jim
Blink's tal ks.

BULLEN: Thank you, Dr. MacKi nnon.
| would like to leave a little bit of tine for

guestions, and so I'mgoing to delay the public coment

period for, to start with, ten mnutes, and we'll see how the
Board goes. | wll at nost go 15 mnutes, and then we'l]l
allow a half hour for public coment.

So, questions fromthe Board? Dr. Parizek?
PARI ZEK:  Pari zek, Board.

Rel ating to the pH data on Page 23, | guess all of
that has a lot to do with, | suppose, the behavior of stee
sets in the drifts, and so on? Because, really, the waste
package, if it works the way it's supposed to work, won't
care about this kind of pH environnent, wll it? It wll be
there for so long that this won't inpact it, but it may start
tearing apart steel sets and that sort of thing? |'mtalking

about the nore acidic environment under the high
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t enper at ur es.

MACKI NNON:  Actual Iy, our anal yses have shown that the
interactions of the seepage with engineered barrier system
mat eri al s does not significantly inpact the chem stry of the
seepage inside the drift. The lowering of the pHis due to
evaporative concentration and precipitates, formation of
precipitates. So this just represents the evolution of
brine. And this represents the pore water type that has a
tendency to decrease in pH as you concentrate the brine, and
that's primarily because the cal cium carbonate ratio is
greater than one. And as | nentioned, the matrix pore water
has the opposite effect.

The effects of this sort of behavior really wll
only be inmportant to early releases, and primarily for
rel eases before 4,000 years.

PARI ZEK: | had another question relating to the drip
shield. In terns of condensation underneath a drip shield,
it seens |ike the fact that there may be condensation there
on a snmooth surface versus a rougher surface of the
enpl acenment drift, should allow sone noisture to nove down
the interior side without it actually dripping, but actually
kind of nove as a river along the side. |Is there any
di scussi on about that, or any experience with that fromthe
| aboratory work as to what percentage of condensed noisture

t hat coul d accunul ate would drip versus just flow down the
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under side of the drip shield, and as a result, really not
encounter the waste package?

MACKI NNON:  We do have a discussion addressing this
speci fic issue of condensate form ng on the under side of the
drift and sheddi ng al ong the snooth surface and not
contacting the waste package. Qur quarter scal e condensation
tests actually verify that behavior.

In the nodel, we inplenented a drip shield
condensati on nodel in the supplenental--in the one-off study
for the supplenental TSPA anal yses. And what we did there

was we introduced an uncertain paraneter. That uncertain
paraneter represented the fraction of seepage that shed on
the under side of the drip shield. And it turns out that
t hat phenonenon is really not that inportant. Well, and it's
primarily masked because waste packages do not really--they
do not fail when condensation is really on the under side of
the drip shield is inportant, which is at earlier tinmes when
you' ve got |arger tenperature differences. But at |ater
ti mes when you actually have rel eases, the condensation is
not that significant. So, in our results, the inportance of
drip shield condensation was relatively |ow.

PARI ZEK:  Thank you.

BULLEN. O her questions fromthe Board? Dr. Sagués?

SAGUES: Yeah, | was intrigued by Figure 12,

transparency Nunber 12, and, of course, the relative humdity
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being lower in the cooler concept. The first question | had
was this takes into account the presence of the drip shield
as well, or the drip shield doesn't change the results very
nmuch?

MACKI NNON: It takes into account the presence of the
drip shield, in that radiation between the waste packages is
accounted for. Radiation between the waste packages and the
drip shield is accounted for. And radiation fromthe drip
shield to the drift wall is accounted for.

SAGUES: Ckay. So this a fairly linked kind of --

MACKI NNON:  Yes.

SAGJES: Now, if you go to the previous, to 11, and you
| ook, say, for exanple, on the left there, | was trying to
figure out, say, when both the | ow tenperature concept and
the high tenperature concept reached, say, for exanple, 80
degrees centigrade somewhere in the mddle of the
distribution. The |low tenperature would reach that at around
800 years, or so, sonething like that, if you go to the
m ddl e of the distribution, and then you trace the line from
there, and you find out equivalent point in the hot concept,
and that would be at around, say, 1,500 years, or so. Do you
see what | nmean? Look at the center distribution. And then
if I go nowto Figure 12 again and | | ook at, say, 800 years
for the |ow tenperature, the relative humdity is about 45

percent, and if I go to 1,500 years when the high tenperature
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concept has the sanme tenperature, then in that case, the

hum dity in that case is 80 percent. So, | nean, there's
nore to the story than just the difference. |If | conpare the
two packages at the sane tenperature, the difference appears
to be even greater, dramatically so.

MACKI NNON:  Yes. Well, let nme see if | can answer your
guesti on.

SAGJES: And |I'mtrying to make sense out of it. Maybe
you can tell us a little bit nore about how this works.

MACKI NNON: Ckay. In the high tenperature operating
node where we get dry-out, the nagnitude and the duration of
dry-out actually control the relative humdity up to about
900 to 1,000 years. As | pointed out on this figure here,
this represents the interior of the repository, and right
around 900 years, it crosses over, and this is the interior
of the repository. So the edge of the repository early on
has a higher RH, as conpared to the center of the repository,
and that's swtched at the later tines.

Now, at the earlier tines where you have
substantial dry-out, especially in the center of the
repository, that drives dowmn the RH. As the drift wall and
the dry-out region decreases, the RH tends to conme back up.
At that point, the RHis determ ned by the tenperature
di fference between the drift wall and the waste package

surface. That tenperature difference in the high tenperature
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operating node is |l ess than the | ow tenperature operating
node.

Al t hough the tenperatures are higher, the
difference is less, and as a result, you get |lower relative
hum dities in the | ower tenperature operating node, and it's
mai nly because in the higher tenperature operating node, heat
transfer by radiation and convection is nmuch nore effective
at the higher tenperatures. And so it tends to want to
equalize the tenperatures nore than in the | ow tenperature
operating node. And that's why you see a |lower relative
hum dity in the | ow tenperature operating node as conpared to

t he high tenperature operating node.

SAGJES: Right. Wsat |'msaying is that also the anount
of water at the drift wall is making a difference; right?

MACKI NNON:  Par don?

SAGUES: The anount of water at the drift wall is making
a big difference there.

MACKI NNON:  Ri ght .

SAGUES: Whatever is the amount of water, whichever
measur enent you want to use for that.

MACKINNON:  Right. In both cases, the RH after--in both
operating nodes, after 1,000 years, the RH at the drift wall
is close to 100 percent, although the tenperatures are higher
in the higher tenperature operating node.

BULLEN: Dr. Wng?
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WONG  Jeff Wbng, Board.

| think | have an easy question. On your Slide 17,
you have a list and you list these as the multiple |lines of
evi dence. And can you hel p nme understand, the Board asked
for lines that should be independently derived, or derived
i ndependently of performance assessnent, and it seens |like a
ot of the tests that you have |isted up here actually went
into supplying data or devel oping nodels for PA. So can you
show me what part is truly an independent or alternate |ine
of evidence, and what part went to building the PA nodels and
supporting the PA?

MACKI NNON:  That's a good point. Actually, all of this
information is project derived information, and | hope that
Ardyt h Simons addresses your question in her presentation.
| cane prepared just to discuss project related information
that we are currently using right nowto hel p validate our
under standing of the inportant processes and our nodels.

BULLEN: Thank you, Dr. MacKi nnon.

Wth that, I"'mgoing to call the technical portion

of this session to a close, and invite people up for public

comment. W have--actually, prior to public comment, I'd
like to ask Brett Leslie fromthe Nucl ear Regul atory
Comm ssi on, who has requested to nmake a statenent, to pl ease

cone forward.

Wuld you like to do it here?
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LESLI E:  Thank you, Dr. Bullen

|"mBrett Leslie fromthe U S. Nucl ear Regul atory
Conmmi ssion. |'ma staff nenber there. That's actually kind
of a comment and question. | have two questions, and |'m
hopi ng that perhaps during the public conment period or if
DCE has tinme, to provide responses to these questions.

Let's start with the shorter one first. The first
question concerns a DOE statenent earlier today that errors
associated wth their total system perfornmance assessnent for
site recommendati on were di scovered back last fall. The
guestion | have and we have is howin the future will DCE
informinterested parties of the errors they find?

The second area of our comments and our question
concerns the scope and timng of the U S. Nuclear Regulatory
Conmi ssion's sufficiency cooments. Dr. Brocoumindicated
that in Novenber, 1999, the Departnent of Energy inforned the
Nucl ear Regul atory Conm ssion what DOE docunments woul d be the
basis for their site recomendation. At that tine, the NRC
i ndi cated that we woul d base our prelimnary sufficiency
comments on our review of those docunents.

However, today, Dr. Brocounis presentation
i ndi cated what documents will formthe basis of the
Department of Energy's site recommendation. As an
i ndependent regul atory agency, the Nucl ear Regul atory

Conmi ssion is guided by and follows what is required by |aw
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So what is required by |aw? The Nucl ear Waste
Policy Act requires that the Nucl ear Regul atory Conm ssion
provide prelimnary sufficiency coiments to the Departnent of
Energy for inclusion in its site recomendation. The |aw
requires us to comment on the sufficiency of two itens, the
sufficiency of the Departnment of Energy's at-depth site
characterization, and the sufficiency of the Departnent of
Energy's waste form proposal .

Further, the law requires that the basis of our

comments be the sufficiency of the information with respect

to inclusion into a potential |icense application.
Dr. Bullen earlier addressed the question of
sufficiency of data supporting the Departnent of Energy's

Suppl enent Sci ence and Performance Anal ysis Report. Dr.
Brocoum i ndi cated that |ast week, the Departnent of Energy
and the Nucl ear Regul atory Comm ssion net. W did neet, and
sonme information was passed in public forum That
information stated that the data and anal yses supporting the

Suppl enental Sci ence and Performance Anal ysis Report,

including the | ow tenperature repository design, wuld need
to be qualified if they were used in a potential |icense
application.

Today, Dr. Brocoum stated two things. One,
sel ection of the design, either high or |ow tenperature,

woul d occur after site recommendation, but prior to |license
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application. Two, in his slides, he indicated that the
Suppl ement al Sci ence and Performance Anal ysis Report is used
as input into the Departnent of Energy's site recomendati on.

If there are two design options addressed in the
Department of Energy's docunents supporting its site
recomendation, and if each design could be potentially
included in a license application, the Nuclear Waste Policy
Act seens to require that the Nucl ear Regul atory Commi ssion
provide prelimnary sufficiency coments on each design.

G ven that the Suppl enental Science and Performance
Anal ysis Report is 1,300 pages, and the Departnent of Energy
has requested the NRC provide our prelimnary sufficiency
comments by Cctober 1st, the release of this docunent is
critical.

W1l you please indicate when the report wll be
avai l abl e, and how is that date inpacted by today's statenent
that the date for cutoff of data has not yet passed, and that
t he docunent has not yet entered into DOE review process?

Thank you, Dr. Bullen

BULLEN: Does DOE want to respond on the record to that

one? Dr. Brocoun?

BROCOUM As to the first coment--Bill has been taking
notes here--1 think, you know, Robert Cark indicated that
the deficiency report was witten on the errors for the TSPA

| think what we're going to do in the future is, and | think
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what we're supposed to do on our quality program is when an
error is discovered, a deficiency report should be witten at
that point in time, and then you could, you know, track and
resolve followng a structured process. And that's what we
will do in the future.

| f the docunment is in process, |like the SSPA, you
woul d obviously resolve that error before you issue the
docunent. If the docunent has al ready been issued, then you
woul d i ssue an errata sheet, or sone other form of

comuni cation to show that you do have an issue or an error

in the report. So that's how you'd informthe public.

| think Bill, in terms of when we will issue the
docunent, Bill has indicated that it would cone out in the
next several weeks. Volune 1 is alittle nore ahead of

Vol unme 2. Volunme 1 has gone through a review. Volunme 2 is
following, and that's just going into the review right now.
So | can't give you an exact date when it w Il be issued, but
it will be issued over, we hope, the next several weeks. So
| can't give a precise date. | wsh |l could. | just can't.
Just like you can't give us a precise date when your rule
will be finalized.

BULLEN: Any other comments from DCE and NRC?

(No response.)
BULLEN: Ckay, we've got that on the public record.

We have about 21 mi nutes or nore maybe left, and I
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have three nenbers of the public who wish to coment. So,
dividing by three, turns out to be seven. So, we'll start
with M. MGwan. M. MGowan has also given ne witten
guestions. |If he so chooses, | would also read those into
the record and ask them but I'lIl defer to himfirst.
Wul d you like to make your comment first, M.

M Gowan?

MCGOMAN:  Yes.

BULLEN: Ckay. Wuld you |like to do it fromhere, or do

you want to go--

MCGOMWAN: | would like to do it fromthere
BULLEN: That's fi ne.
MCGOMAN:  It's nore inpressive.
Tom McGowan, Las Vegas resident. Can you hear ne
all right?
| amduly inpressed with today's excell ent
presentations, particularly the last five, which were hastily

prepared in | ess than four nonths, sonehow mracul ously. One

can only envision the superlative nature of the finally

conpl eted SSPA anticipated to ensue by July 6th, in which

optim stic and inexplicable case, DCE wi Il undoubtedly

receive a hug and a kiss, and God knows what el se.
Unfortunately, those exhaustive presentations are

only applicable for up to 10,000 years, which is ny

understanding, is akin to the blink of an eye, and which
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gi ves one pause. But don't let that deter you. Just
continue with the excellent work.

Again, ny nane is Tom McGowan. That was a preface.
This will require approximately five mnutes. WII| that be
appropri ate?

BULLEN: You've got five left. That's fine.

MCGOWAN:  Thank you, sir. Two are gone already?

BULLEN: But who's counting?

MCGOMWAN:  All right. These neetings or proceedi ngs
aren't about nuclear waste transportation and storage.
Utimately, they' re about the life or death of the people of
the future who inevitably will be inpacted by your official
acts, om ssions and advi sory recommendati ons, persuasive on
the fornmulation and direction of national public policy by
t he Congress and President of the United States. | believe

that was the initial assunption here.

In the real accurate perception, nuclear waste is
not now and never was and never will be the problem Rather
and irrefutably, the fundanental problemis conprised of the

frailties and foibles of human nature itself, personified as
rooted and enbodied in the official generic "you," who are
defying naturally order, axiomatic--and instead, persist in
state of denial and service to limted special interest--in
furtherance of a wholly subjective agenda--can you i nvest

public interest inclusively, inter-generationally and in
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perpetuity.

You're al so the sole possible--and effective
sol ution, contingent upon your tinely attainnment to a higher
i deal i zed standard of human and spiritual quality in terns of
ethics, norality, reason, integrity, responsibility, and
above all, conscience.

Long before there was a Congress or President and a
nation called the United States, there were Ten Commandnents,
much briefer than what you've got here on the table, ordained
by an infinitely higher authority than the Congress or
President of the United States and | eaders of all the nations
al | conbi ned.

The First Commandnent unequi vocal ly asserts, with
speci al enphasis added, | amthe Lord they God, not you. You
shall not have fal se God before ne, not even the Congress and
President of the United States, nor any agency or government
what soever, and especially not the limted special
interested--politically persuasive, profit notivated,
private, commercial, nuclear energy industry, their
affiliated utilities and rate paying consuners, who do have a
valid and equitable interest, but so does everybody el se.

There's a | ot nore everybody el ses, at |ast count.

The Si xth Conmmandnent candidly asserts thou shalt
not kill. 1t's not anbiguous at all. Not only your own
progeny, but also and especially not the as yet unborn people
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of the future who cannot be here to plead their God given
right under the sane gifts of life, liberty, and pursuit of
happi ness whi ch you yoursel ves enj oy.

There is indeed a higher noral inperative than
priority concern of the humdity induced corrosion rate of
Alloy 22, and the relative nmerits of a high or | ow
tenperature repository design alternative, one in fact
i nevitably inpacted consequences will be the sanme in either
case, as you astutely pointed out. And geologic tinme wn't
end in 10,000 years, as reported, but will continue for
another 5 billion years beyond that limted finite term as
also wll the longest |ived deadly radionuclides, and once
i nposed, regardless of the tine delay neans, death is wholly
subjective, as well as final and irreversible.

| will probably attest to that fact relatively
soon. But you knew all that to begin with, didn't you. You
really did. And because of your deservedly deened em nent
and prestigious advancenments--in terns of intellect, w sdom
experi ence and expertise, and conmensurate sense of
responsibility and consci ence beyond the limts of that
exhi bited by the hired hands of DOE, OCRWM YMP, | hold you,
the nenbers of the TRB, to a higher standard of conpliance
with that noral inperative ordained by an infinitely higher
authority than the Congress and President of the United

States, not withstanding the fact that the Congress and the
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Presi dent has enacted and anended, have ordered you to
refrain from-exercise of the fullest range of your reasoning
and capability, and have prohibited your exercise of

j udgnment al address of matters of public pertinent policy
respecting the underground storage of high |evel nuclear
waste, and not w t hstandi ng your expedi ent disclainer of

di rect accountability and responsibility of the ensuing
consequences of your acts, om ssions and advi sory
recommendati ons, contributed to the potential persuasion of
the formulation and direction of nuclear waste pertinent
nati onal public policy by the Congress and President of the
United States, which in the worse case scenario is
realistically--upon the genuine best public interest on a
hi storically unprecedented human and uni versal scale inter-
generationally for the rest of geologic tine.

You are well aware of the fact also that on
axiomatic grounds, it's scientifically and technol ogically
i npossi ble to guarantee the safe, secure and human--in
under ground storage of high |Ievel nuclear waste, be it any
conbi nation of natural or artificial barriers, over any
substantially term either at Yucca Mountain, Nevada, or
el sewhere nationally, or anywhere on the planet.

That's why the DOE's inconplete work in progress,
SSPA, and it's unspecific, indirect response to the Board's

four questions of priority concern are dead on arrival.
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Because a Congressionally nmandated m ssion task of the DCE

and the TRB respectively and incl

begin with, and are an enbarrassi

usive are inpossible to

ng exercise in abject

futility, an obscene waste of tinme, energy and ot her

resources, and an effrontery to public sensibilities.

Now, what is it about the word inpossible that the

worl d's | eading scientific, technol ogy and academ ¢ m nds of

our time are unwilling or unable

axiomatic fact. Don't respond.

to understand and accept as

| can't conceive of a

response fromyou on that question, none.

At tonorrow s public comment, |I'Il rem nd you of

the profound inplications that w
ensue in the instance of your fai
to comply with the higher noral i

best public interest, not for 10,

Il inevitably apply and
| ure, however inexplicably,
nperative in the genuine

000 years, but for the rest

of human tine. Understand ne clearly, you are and wll be

hel d responsi bl e and account abl e,
can and will be used agai nst you

tribunal .

and anyt hing you say or do

in an international

It is comng, guaranteed. Understand history, it

happened before. The man's nane

nore limted in scope than you

was Ei chman, only he was

You are above that | evel. [

demand it of you, and you wll perform

BULLEN: Thank you, M. MGowan. And M. MGowan has

al so provided me with five other

guestions that were of a
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technical nature associated with the presentation. And so
rat her than ask themnow, is there a way we coul d provide
themto the DOE and ask for a response? |Is that a reasonable
thing to do? How do we do that? |1'm asking ny Executive
Director as | | ook across the room
kay, thank you. 1'Il let the public conent

continue with Ms. Sally Devlin. Sally, are you here?

DEVLIN. As always, | have to wel cone you to Nevada.
It's so good to see so many famliar faces. And thank you so
much for comng. This is nmy eighth anniversary, and | net
Tom McGowan and | really feel what he said is very true and
very scary. W net eight years ago at an NWIRB neeti ng under
the Cashman Field when John Cantlon was there, and | said you
cannot put DOD stuff in nmy nountain that is classified, and |
still say that. And we've cone a |long way, and one of ny
favorite doctors said to nme, "You stupid old lady, go to
school.” So | did, and we finally graduated, and that was
even nore fun

But what was very interesting about this is

| earning the conplexity of this project. And it is very
conmplex, and I think it's wonderful that the science
continues on, and | sincerely hope it continues on nodelling
for the next 20 years. Then I'd really be 92, and I won't
care, so | just say to you keep on nodel ling.

| see no definitive answers in this. And what
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saw in the engineering report, which | read cover to cover,
as well as the report to Congress by Dr. Cohon, was the
continuous use of the words transparent and uncertainty.
And, unfortunately, when we had our neeting of the DOE on the
ElIS, and so on, and of course we didn't know anythi ng about
the SSPA, we still don't, so | hope sone day we will see that
and be able to eat it up and devour it and see what it says.
So we were denied that, too. And, renmenber, we have nothing
in Pahrunp, and that's Nye County where the repository wll
be.
So, again, | say what do these words nean,

transparent uncertainty, which is repeated a thousand tines?
And to be transparent nmeans we can see through you, and
you're uncertain of what we're seeing. And this is the
inpression | think that the public has, and it was very well
stated at our neeting. W don't know what you're doing,

because every tine you have a different group cone out and

l[isten to us and we read a report, it has changed, or it has
this, or it has that, particularly on the water. | talk
about in the report, it nmentions 70 netric tons of waste, and

t hen in anot her paragraph down the page, it tal ks about
97,000 metric tons. We change the acronyns. W change--now
you want to put in four swimrmng pools up at the test site
when we have conpression faults. And | can attest to that.

In the '92 earthquake, | lost a horse in a conpression fault.
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Went out in the norning, and there's this gelding, who's
al nrost 17 hands, and | couldn't find him Fell in a hole.
The whol e ground col | apsed. This happens all the tinme at the
test site because of the earthquakes. The water |evels go
down, and there's no question that we have fl oods, and what
have you, and this is nmeasurable, and | don't hear you talk
about that, because the whole basin and range is a
conpression fault.

The other thing is notice on neetings. W didn't
know about this neeting. W didn't know when it started. W
didn't know anything. W certainly don't know about the NRC
nmeeting, and we don't know about the | NEA peer review
nmeeting. And | hope that others ask these questions and you
will tell us when they neet, where they neet, and so forth,
because some of us will split it up and go to these things
because they're terribly inportant.

The other thing--1"mgoing to keep this very short-
-but you keep referring to different laws. Wen | started,
it was 10 CFR 73, and I'msure if David and Trudy were here,
t hey'd be rem nding you of these changes, and then | see
ot her nunbers, 10 CFR 963, and this sort of thing. And it is
di sturbing, the nunbers that are inconsistent. So sonewhere
along the line, your ghost witers are not doing their
homework with their editing, because if it's confusing to ne,

i magi ne what it would be to soneone who's never read one of
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t hese confusing things.

And the only other thing | can say is on everything
t hat you do, and Tom used the word, bless his heart, was
disclaimer. | see disclainmers in every single one of your
reports. | was sent the information fromthe May 8th. There
was not one of the presentations that didn't have a
disclaimer init. And today again, everything is disclainer.

Now, if you've been doing this for 20 years, |'ve
only been around eight years, that's pretty bad for the
billions of dollars, and again, ny field was transportation
and you won't even talk about that, and that's what really
scares ne.

But 1'"mgoing to cut this short and I'mgoing to
talk to ny bearded friend back there at the back table who is
our political entity. Don't turn away. And that's you. And
what has happened ny feeling is about this Yucca Muntain
project is you're not listening. Listen, this has not becone
science, but political science, and it's really terrifying to
me that the Congress m ght be bought by the nuclear reactors,
or the nucl ear power industry, and they m ght convince Bush
to say go ahead. And this is absolutely terrifying because,
as | say, it's becone political science.

And 1'mgoing to end with the statenent the |ast
time we listened to a Bush, we spent 40 years wal king in the

desert. Thank you.
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BULLEN: Thank you, Ms. Devlin.
Qur final public coment person that--or person
requesting comment that registered is Gant Hudlow Gant?
HUDLOW  Thank you. | just have two brief questions
t hat can be answered later, and two brief comments.
Who is responsible for getting the test date to ne
that you tal k about on the colloids transport at Los Al anps
Nat i onal Laboratory? That's about Page 29 of the Engineered

Barrier System So |I'd |Iike copies of that.

And the Nevada State test ruled out Alloy 22,
al though | hear you still nmentioning it here. The stuff just
canme unglued. And so who's responsible to get an industrial

chem cal expert so that we have a chance of building a
successful canister? |'ve asked that question for several
years. There isn't anybody in the DCE that can even
understand it. Maybe sonebody at NWIRB can understand it.
There isn't anybody in the NRC that can understand it. The
NWRB has a little broader expertise. There should be
sonmebody available to even figure out that that's needed.

We have some new data that calls into question the
mlliremas a unit of predicting the damage that various
radi onuclides are going to do. As you know, it's very
specific to each radi onucli de.

The out-gassing in Hanford, SRS, as well as the

nucl ear plants, are creating clusters of |eukem a from
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apparently the Strontium90. The mllirem standard woul d say
that there's not enough there to make any difference, and the
facts are that there is enough. So that needs to be
strai ght ened out.

Al ong those sane lines--that data is in, but it's
not in a final formyet. Al ong those sanme |lines, we have
data comng in that's indicating that Vitriumhas a simlar
problem | guess the question on that is if these are not
radi ol ogi cal effects, are they biochem cal effects? In other
wor ds, have we m xed the two? Because Vitriumdisables the
i mune system and so perhaps it's not the radiol ogical
effect that's doing that. It may be bi ochem cal.

My last comment is we have a chance to save the
nucl ear industry, and Germany of course just kicked them out
of the country. The sanme kind of novenent is going on here
for these reasons that |1've nentioned. W have a chance to
save it. One of themis we just have an agreenment now with
the NRC to inplement transnutation, build factories, get rid
of the waste, take it away fromthe DCE, who have indicated
obviously they can't even begin to handle the problem And
so as that cones on down the pike, | just wanted you to be
aware that that's happening right now.

Thank you.

BULLEN: Thank you, M. Hudl ow.

Are there any other nmenbers of the public who would
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1 like to nmake a comment at this tinme?

2 (No response.)

3 BULLEN: Seeing none, we wll be in recess until

4 tonorrow norning at 8 o' clock, when we will reconvene for the
5 second day of this session.

6 Thank everyone, all the presenters and all the
7 public for comng. Thank you.

8 (Wher eupon, the neeting was adjourned, to reconvene
9 at 8:00 a.m on June 21, 2001.)
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