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PROCEEDIL NGS
8:05 a.m
COHON:  Good nmorning. M nane is Jared Cohon. |'mthe
Chai rman of the Nucl ear Waste Technical Review Board, and |I'm
very pleased to welconme you to this spring neeting of the
Boar d.

The Board neets three or four times a year, usually
in Nevada, and nost often in Las Vegas. but we also go to
various towns and cities closer to Yucca Mountain. W try to
neet at |east once a year here in Washi ngton, though we note
that it's been nore than a year and a half since we | ast net
her e.

As nost of you know, Congress enacted the Nucl ear
Waste Policy Act in 1982. Anmpong other things, the Act
created the Ofice of Gvilian Radioactive Waste Managenent,
or OCCRWM in the U S DOE and it charged OCRWM in part with
devel opi ng repositories for the final disposal of the
nation's spent nucl ear fuel and high-level radioactive wastes
fromreprocessing. Five years later, in 1987, Congress
amended the law to focus OCRW s activities on the

characterization of a single candidate site for final
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di sposal, and that site, of course, is Yucca Muntain, on the
western edge of the Nevada Test Site, about 100 mles north
of Las Vegas.

In those sane anendnents, the Congress created our
Board, and we were created as an i ndependent federal agency
for reviewing the technical and scientific validity of
OCRW s activities. W're required to periodically furnish
our findings to the Congress and to the Secretary, and we do
this through Congressional testinmony and reports. And, in
fact, our summary report for the year 2000 was just issued

about a week ago, and it's avail able outside on the table.

Now, it's such a handsone report, |I want to nake sure you see
it, and | forgot it in ny desk here, but I"mnobile with this
particular mke, so | can keep talking. And here it is.

Isn't that handsone?

We have a contest on the Board for picking the
colors, and we reached a newlowwith this. |I'mtold that
this is formally called by people in the graphics art
busi ness pea green, aptly named, | would say. You can nake

of that whatever you want to.

Alittle bit about the Board and its nenbers. W
want you to know who the nenbers are because you'll be
spendi ng the next day and a half with us. The 1987

Amendnents to the Nucl ear Waste Policy Act specified that the

Presi dent appoints our nenbers froma |list of nom nees
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subm tted by the National Acadeny of Sciences. The Act
further requires that the Board be a highly multi-

di sciplinary group, with areas of expertise covering al
aspects of the nuclear waste managenent system

And now it's nmy pleasure to introduce the nenbers
of the Board. Let nme start with me. Al of us have full-
time jobs. W're all part-time special governnment enpl oyees
in our role as Board nenbers. In ny case, |'mpresident of
Carnegi e-Mell on University in Pittsburgh, and nmy particul ar
background is in and ny expertise is in environnental and
wat er resource systens anal ysis.

John Arendt is a chem cal engineer by training.
After retiring froma long and distingui shed career at Cak
Ri dge National Laboratory, John fornmed his own conpany. He
speci alizes in many aspects of the nuclear fuel cycle,

i ncludi ng standards and transportation. John chairs the
Board' s Panel on Waste Managenent Systens.

Daniel Bullen is an associ ate professor of
Mechani cal Engineering at lowa State University, where he
al so coordi nates the nucl ear engineering program Dan's
areas of expertise include nuclear waste managenent,
per formance assessnent nodeling, and materials science. Dan
chairs two of our panels, the Panel on Perfornmance
Assessnment, and the Panel on the Repository.

Norm Christensen, |'ll save his introduction until
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he comes back

Paul Craig is professor eneritus at the University
of California at Davis. He is a physicist by training and
has special expertise in energy policy issues related to
gl obal environnmental change.

Debra Knopman is a senior engineer at RAND
Corporation in Arlington, Virginia. She fornerly was
Director of the Center for Innovation and the Environnment at
the Progressive Policy Institute in Washington, D.C and
Deputy Assistant Secretary in the Departnent of Interior, and
before that, she was a scientist at the U S. Geol ogical
Survey. Her area of expertise is groundwater hydrol ogy, and
she chairs our panel on site Characterization.

Priscilla Nelson is Director of the Division of
Cvil and Mechanical Systens in the Directorate of
Engi neering at the National Science Foundation, also here.
She's a forner professor at the University of Texas in
Austin, and is an expert in geotechnical engineering.

Ri chard Parizek is professor of hydrol ogic sciences
at Penn State University and an expert in hydrogeol ogy and
envi ronnment al geol ogy.

Donal d Runnells is professor enmeritus in the
Depart ment of GCeol ogi cal Sciences at the University of
Col orado At Boul der. He's also now vice-president at

Shepherd MIler, and his expertise is in geochem stry.
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Al berto Saglés is D stinguished Professor of
materials engineering in the Departnent of C vil Engineering
at the University of South Florida in Tanpa. He's an expert
in materials engineering and corrosion, with particular
enphasis on concrete and its behavi or under extrene
condi ti ons.

Jeffrey Wong is Deputy Director for Science,
Pol I uti on Prevention and Technol ogy, Departnent of Toxic
Subst ances Control in the California Environnmental Protection
Agency. He's a pharmacol ogi st and toxicol ogist with
extensive experience and expertise in risk assessnent and
scientific team managenent. Jeff chairs our Panel on
Envi ronnent, Regul ations and Quality Assurance.

Many of you know and have had the pl easure of
working with our staff, who once again are strategically

pl aced guarding our left flank or right flank, depending on

which way you're looking at it. Bill Barnard is executive
director of the staff, and we hope you'll get to know hi m and
the rest of our outstanding staff.

Now, | need to offer our usual disclainer so that
everybody is clear on the conduct of our neeting, what you're
hearing and the significance of what you're hearing. Qur
neeti ngs are spontaneous by design. Those of you who have
attended our neetings before, and many of you have, know that

t he menbers of the Board do not hesitate to speak their
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m nds. And |let ne enphasize that is precisely what they're

doi ng when they are speaking. They are speaking their mnds.
They are not speaking on behalf of the Board. They're

speaki ng on behalf of thenselves. Wen we are articulating a
Board position, we'll let you know And |I'm about to do

t hat .

But before | do, let ne introduce Norm Chri stensen,
who has entered the room Norm would you raise your hand?
|"ve introduced everybody else. Don't worry. You're not in
the hot seat. Now that Norm has joined us, let ne also
i ntroduce him

Norm has served with great distinction as Dean of
t he Nichol as School of Environment at Duke University for the
| ast ten years. He's the founding Dean of that school, and
he's done just an outstanding job. He is stepping down after
ten years as Dean. And as a former dean, | can tell you that
ten years seens like fifty as a dean, especially of a self-
sust ai ni ng, independent professional school |ike the Nichol as
School of Environment. Normw Il return to his faculty
position at Duke and start a well deserved sabbatical year
this sutmer. Norm s expertise includes biology and ecol ogy.

Now, as | warned you, when individual nenbers speak
during the neeting, they're speaking their m nds, they' re not
stating Board positions. But as | also just warned you, |'m

about to state a Board position, something | did in the
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opening remarks in our |ast neeting in Amargosa Vall ey.

At that neeting, we took the opportunity to
announce a Board position, and the statenment |I'm about to
read follows up on that position that we stated at that
nmeeting. So here we go. By the way, copies of what |'m
about to say wll be available, they' re not at the nonment,
the table outside. So you'll have to listen, but you can

read it again |ater.

At that nmeeting in Amargosa Valley, | stated that

t he Board believes that the DOE shoul d focus significant
attention on four priority areas, each of which the Board
consi ders an essential elenment of any DOE site
reconmendati on.

The four areas are:

13

at

(1) Meaningful quantification of conservatisns and

uncertainties in DOE s perfornmance assessnents.
(2) Progress in understanding the underlying
fundanment al processes involved in predicting the rate of

wast e package corrosion

(3) An evaluation and conparison of the base-case

repository design with a | owtenperature design

(4) Development of nmultiple lines of evidence to

support the safety case of the proposed repository. The
i nes of evidence should be derived independently of

performance assessnent and thus, not be subject to the
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[imtations of performance assessnent.

Those are the four things, and what |'ve just done
is repeat what | said at the neeting in January.

The Board al so enunerated several specific
i nvestigations and studies that could support, conplenent,
and suppl enent the four areas. By pursuing each of the four
areas, the Board believes that the DOE can increase the
technical defensibility of its repository safety case,
t hereby providing a sounder basis for the site suitability
deci si on.

I n subsequent conversations with a nunber of
parties, two questions kept arising in reaction to our
previ ous statenent.

(1) Wiy were the four priority areas chosen?

(2) In the Board's opinion, should work on al
four areas be conpleted before the Secretary of DCE deci des
whet her to recommend to the President that the Yucca Muntain
site be devel oped as a repository?

Now, why, and do all four have to be done before
the Secretary makes his recomendati on?

Let nme now provide the Board's answer to the first
of those questions. Wiy were the four priority areas chosen?

Three of the Board's priority areas were chosen to
i nprove the quality of performance assessnent cal cul ations, a

key el enent of the repository safety case. Uncertainty is
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unavoi dabl e when maki ng projections over long tinme periods.
The uncertainty may arise, for exanple, from poor estimates
of nodel paraneters or from nodels that have not been
val i dat ed adequately. The uncertainty also can arise from an
inability to anticipate inportant scenari os.

Furthernore, as the Board observed in its letter to
Representative Joe Barton witten last year, "It is difficult
to know whet her the assunptions and paraneters used in the
DCE' s performance assessnents are truly conservative, or how
t he conbi nati on of conservative, optimstic, and realistic
estimates affects overall dose cal cul ations and the
uncertainties associated with those calculations.” That's a
gquote lifted directly fromthe letter that we wote to
Chai rman Barton

By nmeani ngfully quantifying the conservatisns and
uncertainties, which is the first of the Board' s priority
areas, the DOE will give policy-nmakers a clearer idea not
only of the expected perfornmance of the proposed repository,
but also of the |ikelihood that the performance can be
counted on.

The second priority area is progress in
under st andi ng fundanmental corrosion processes. Because the
wast e package appears to play a central role in isolating
waste fromthe environment, fundanental understanding of

corrosion nechani sns, especially the relationship between
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corrosion rates and increased tenperature, is needed to
ensure that this barrier will function as anticipated and
that | ong-termextrapolations will be sound.

Al t hough we have the understanding and enpirical
foundation to predict confidently whether the passive |ayers
that retard corrosion of the waste package will remain
effective over a hundred years or so, we appear to have nuch
| ess enpirical evidence or scientific understanding to

extrapol ate that behavi or convincingly over many thousands of

years. W have to go froma hundred years or so to many
t housands of years. |In short, the DOE still has a way to go
before its predictions are persuasive.

The third priority area is an evaluation and a
conpari son of the base-case repository design with a | ow
tenperature design. The waste's tenperature is a major
perturbation of the natural system and tenperature may
affect the performance of critical engineered barrier
systenms. Lowtenperature ventilated designs can potentially
simplify performance assessnent and reduce uncertainty.
Thus, it is highly desirable that repository designs having
different thermal characteristics be understood better and
that a conparison of designs be nade both for the designs
expected performance and for the uncertainties associated
wi th that performance.

The fourth priority area, the need for nultiple
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lines of evidence, arises fromthe need for alternatives to
t he performance assessnment net hodol ogy. Although the Board
has endorsed performance assessnent as an inportant el enent
of the repository safety case, it observed in a 1997 letter
to the DOE that, for each of the conponents enbedded within a
per f ormance assessnent, "nethodol ogi cal and enpiri cal
assunptions have to be nmade. Thus, uncertainties wll
unavoi dably accunul ate. They will be large, and they wll
becone even larger as the tine horizon for the performance
proj ections reaches farther out into the future.”

For this reason, one nust view with caution the
concl usi ons generated solely by perfornmance assessnent.
I ndeed, in its 1999 report on DOE's Viability Assessnent, the
Board noted the limts of performance assessnent and
expressed doubt that relying "solely on it (performance
assessnment) to denonstrate repository” will ever be possible.
therefore, the Board consistently has recommended t hat
additional |ines of evidence be used to overcone performance
assessnent’'s limtations and to increase confidence in
per formance assessnent's conclusions. The nore these |lines
of evidence are independent of performance assessnent, the
nore likely they can be used to bol ster the assessnent's
concl usi ons.

Now | et me address the second question. 1In the

Board's opinion, should work in all four priority areas be
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conpl eted before the Secretary nmakes a recommendati on about
devel oping a repository at Yucca Muntain?

The Board has observed that the decision to proceed
with a Yucca Mountain repository can be made at any tine,
dependi ng on how rmuch uncertainty policy-nmakers find
acceptable. There is, of course, no universally accepted
uncertainty threshold. Any given |level may be tolerable to
sonme, but unacceptable to others. Thus, this is a matter of

policy, albeit one that needs to be grounded in sound

science. Policy-makers, not scientists, should nake the
deci si on.

The DCE may decide to nmake a recommendati on about
Yucca Mountain before it conpletes all work in these four

priority areas. The Board, however, believes that it is
reasonabl e to assune that the nore those investigations have
advanced, the nore likely it is that the technical basis for
the decision will be strengthened. Wenever a recomendati on
is made, the Board's judgnent about the technical basis wll
be based on the repository safety case as it exists at that
tine.

That's the end of the formal statement. As | said,
copies will be available |ater.

Let me now turn to the remai nder of this neeting.
And as all of our neetings seemto be lately, this one is of

particular significance, and it is so because the DOE is in
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fact preparing its recommendati on on whether or not to
proceed with the devel opment of Yucca Mountain as the site
for a radioactive waste repository. This represents the
cul m nation of many, many years of hard work by DOE, and

we' |l be hearing fromLake Barrett, the Acting Director of
OCRWM who will provide an overview of the program and

di scuss what the programw || be focusing on over the com ng
nont hs.

After Lake, we'll turn to the technical content of
t he meeting. Stephan Brocoum fromthe Yucca Muntain Project
Ofice and Jerry King fromBechtel SAIC wll describe some of
the new work that has been undertaken partly in response to
the Board's four priorities that | nentioned before.

You may recall, and we hope you will, if you
attended our neeting in January, that there we started a new
practice of conveying to the DOE very specific questions
about aspects of the program and used that then to guide and
provi de an outline for presentations by appropriate people
fromthe program W're continuing that format today for
part of the program It worked well for us, we think, and
for the programand for the audi ence at the January neeting.

Larry Trautner will be talking on repository design
in response to sonme specific questions we advanced. W'l
have interspersed in the neeting the nore traditional fornmat

that is nore open ended w thout having specific questions
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posed, and Abe Van Luik will revert to that format in talking
about this issue | just raised about nmultiple |ines of
evidence. And we'll hear fromBill Boyle, who will talk to
us about DCE' s efforts to anal yze uncertainties and
conservati sns.

We'll return to the directed question format after
t hat when we hear from Saxon Sharpe and Jerry MNeish, who
wi Il be tal king about |ong-term predictions of climte and
how they're incorporated into performance assessnent. Robert
Howard and Robert MacKinnon will then talk to us about how
possi bl e di fferences between the design and act ual
fabrication and enpl acenment of conponents of the EBS are
anal yzed, those differences are anal yzed in performance
assessnent .

And then, finally, to end today, we will be hearing
from Joe Payer from Case Western Reserve University, who w ||
be headi ng up a new waste package peer review for the DOE

Tormorrow, we'll begin with Mark Peters from Los
Al anos, who will give us an update on the scientific and
techni cal work that the program has been pursuing, and from
Narasi Sridhar fromthe Center for Nuclear WAaste Regul atory
Anal ysis, who will tell us about their work on corrosion-
rel ated activities.

And then we'll have a panel of people who will talk

to us about the results and their interpretations of those
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results related to the study of the ages of fluid inclusions
at Yucca Mountain. We'Il hear fromJean Cine, the principa
i nvestigator of that study, fromthe University of Nevada at
Las Vegas, Yuri Dublyansky, who is a contractor for the State
of Nevada, Joe Whel an from USGS, Robert Bodnar from Virginia
Tech. and a consultant to this Board. And then Bill Boyle
fromthe DOE will suggest to us how this study m ght be used
by the project.

As the topics of the neeting suggest, the DCE has
gone to great lengths to address the Board's questions about
t he studies at Yucca Mouuntain. This is very encouraging for
us, and we're very appreciative, and we | ook forward to
reviewing the DOE's findings and conclusions in the com ng
nont hs.

And speaking of the com ng nonths, there will be a
very busy time for the Board. On June 20th and 21st, the
Board's Panel on the Repository and the Panel on Perfornmance
Assessnment, both of which are chaired by Dan Bullen, wll
hold a joint neeting in Las Vegas. The neeting is tined to
coincide with, or follow shortly, the release of DOE s study
on unquantified uncertainties and other docunents. Dan wl|
have nore to say about this later in the neeting for your
i nformation.

The second neeting we'll be holding will be an

i nternational workshop. W expect it's going to be held July
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19th in Salt Lake Gty, but the planning for the workshop is
still in progress and we've not yet finalized this, that is,
the date. It wll be held under the aegis of our Panel on
the Repository. The topic is going to be the prediction of
the | ong-term behavi or of the passive |ayer, and we very nuch
hope that this workshop will not only inprove the Board's
basis for comenting on this critical issue, but also
conpl ement the new waste package materials peer review that's
being | ed by Joe Payer, and about which we'll be hearing at
the end of today. Alberto Saglés, our Board nenber, wll
have a few words to say al so about this workshop follow ng
Joe's tal k today.

Finally, let ne just say a few words about public
comment, sonething that's very inportant to this Board. W
provi de as many opportunities as possible for comment.
There's a public coment period at the end of today and at
the end of the neeting approximately m d-day tonmorrow. W
ask all those who would like to coment to sign the Public
Comment Register that's |ocated outside. Linda H att and
Linda Coultry sitting at that table will help you if you need
the help. And, as always, we have to reserve the right to
limt the tinme any single commenter has, depending on the
nunber of people who sign up to coment and how nmuch tinme we
have left.

W will provide, as we have in prior neetings, an
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addi ti onal opportunity for people to submt witten questions
that we will then try to read, address to the speaker, during
the meeting itself, that is, before the public coment
period. If you have such a question, please wite it down
and give it to Linda Hatt or Linda Coultry, and they'll give
it to the chair of the neeting at the tine. |If the chair
does not have the time to pose the question during the
nmeeting, then we'll pose that question during the public
comment period that follows that portion of the neeting.
And, as always, we welcone witten conmments for the record.
That's especially advantageous if you have a | ong coment
that woul d be nore appropriate submtted in witten formfor
t he record.

Wth that, welconme again, and |I'm pl eased to
wel cone Acting Director Lake Barrett, who will give us an
update. Lake?

BARRETT: Thank you. Good norning. Wlcone to

Washi ngton. Although it's very easy for ne for you to have
Washi ngton neetings, | really much prefer the Nevada
neeti ngs, because that's where the bulk of the work is really
going on in this very, very busy tine.

This nmeeting certainly is a tinely one, as we
approach key decision points in the repository devel opnent
process described by the Nuclear Waste Policy Act.

Over the past decade, we have net nmany tinmes and
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di scussed many issues. During those neetings, we've pointed
toward a single objective: supporting a national decision on
di sposal of radioactive waste potentially at the Yucca
Mountain site. W believe we are nearing that objective.

After we conplete our present task of devel oping
and strengthening the sound scientific basis for that
decision, the Secretary of Energy, the President, and the
Congress nust deci de whether to nmake a decision to nove on to
the next stage, and it is only the next stage, it is not an
ultimate decision to close the repository. Their choices
will be to permt proceeding with further devel opnent and
subm ssion of a license application to the Nucl ear Regul atory
Comm ssion for the potential repository, or to adopt another
unknown approach for neeting our national and international
nucl ear waste managenent obligations.

At your neeting in January, | inforned you of
former Secretary Richard' s decision not to issue the Site
Reconmendati on Consi deration Report until the Departnent's
| nspector General investigated into whether bias may have
conprom sed the integrity of our evaluation of the Yucca
Mountain site. That investigation is now conplete, as you
know, and the Inspector General has rel eased his report that
concl uded there was no evidence to "substantiate the concern
that bias conprom sed the integrity of the site eval uation

process."
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The I nspector Ceneral's report, however, also noted
that four statenments in a note to reviewers in the text of an
early, never used, working draft Overview stated that "could
be vi ewed as suggesting a premature concl usion regarding the
suitability of Yucca Muwuntain." That concerned us, as sone
other remarks in the report as well, which we are presently
eval uati ng.

It is my firmbelief, Secretary Abraham s belief,
and the Departnent's policy that all federal, |aboratory and
contractor enployees nust performtheir work in a manner that
reflects the integrity and objective approach necessary to
conduct worl d-class science. | have demanded that al
program participants remain vigilant in ensuring that we
perform our work w thout any preconceived opinions or bias.
In addi tion, we nust ensure that our work does not raise the
perception of possible bias. Public trust in the fundanental
processes of governnment is crucial to the fulfillnment of the
Department’'s mission. | have asked that all of us who work
in the programreaffirmour conmtnent to a site suitability
eval uati on process that is objective, unbiased, and based on
sound sci ence.

It is also inportant that our suitability
eval uati on process and the supporting science program not be
i nappropriately influenced by schedul e considerations. The

program has made trenendous progress, in my opinion, over the



© 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

26

past several years, despite the funding shortfalls that we' ve
had to endure. The progress we have nmade has contributed to
a substantial nonentumto discharge our generation's
responsibilities for achieving the key mlestones this year.

| recogni ze that constrained funding can create a pressure
to avoi d any possible |oss of nonentum However, achieving
m | estones nust be predicated on appropriate, transparent,
and defensible scientific technical work. Therefore, | have
also directed formally to our Federal and Contractor
managenent teamto ensure that our planning decisions do not
adversely inpact the credibility of our scientific and
t echni cal concl usi ons.

Now, after alnobst twenty years of intensive

i nvestigative science to prepare a technical basis for making
t he next decision, we are inplenenting the next step in the
| ong process. Last Friday, May 4th, we initiated the form
site consideration process with the rel ease of the Yucca
Mount ai n Sci ence and Engi neering Report. The Science and
Engi neering Report summarizes information and data col |l ected
to date in our nulti-year study and the characterization of
the Yucca Mountain site. The Department intends for the
report, and its supporting docunents, to be part of the
technical basis for a site recomendati on consideration, and
to be used by the public as an aid in providing comrents.

As the Board is well aware, the technical and
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scientific analyses are continuing. It is our intent to nmake
the extensive information devel oped by the Departnment on the
Yucca Mountain site available in stages, so that the public
and interested parties have anple tine to review all the
avail able materials and to fornulate their comments regarding
a possible site recommendati on by the Secretary.

Late this spring, we will strengthen the technical
basis wth the supplenental science reports that should
provide a sufficient basis for the next incremental step.

That step would be to issue a Prelimnary Site Suitability
Eval uation in the summer, and at that tine, schedule the
statutorily required hearings to informand receive conments
fromthe residents living in the vicinity of the site.

In addition to the rel ease of the Science and
Engi neering Report |ast Friday, we released the Supplenent to
the Draft Environnental |npact Statenment for Yucca Mountain.

The Suppl enent eval uates potential environnmental inpacts
that coul d occur, based on the design options and range of
possi bl e operating nodes present in the Science and
Engi neering Report. The Suppl enent conpared the inpacts
associated with the flexible design described in the Science
and Engi neering Report to the inpacts presented in the Draft
Envi ronnental | npact Statenent which was witten back in July
of 1999.

The addi ti onal program docunents to update the
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Total SystemLife Cycle Cost and the Nucl ear Waste Fund fee
adequacy report were also released. These docunents provide
the public and all interested parties with inportant
information as we initiate the formal site consideration

pr ocess.

W wi Il consider the cooments we receive during
this process before nmaking any deci sion whether to recomend
the site. The Departnent is commtted to making progress,
but we will ensure that sound science governs each step and
each decision as we go forward. For us to proceed further,
t he underlying scientific basis nust denonstrate that the
repository can operate safely, with adequate protection to
public health and safety, and also the environnment. The
public's views on the validity of this work will weigh
heavily on any deci sion by the Secretary on whether to
forward a recommendation to the President.

VWhile we are proud of our recent achievenents, we
recogni ze that we have additional work to do to strengthen
the technical bases to support the next steps. Your recent
conmuni cations, both in letters and discussions during
nmeeti ngs, has been very hel pful in identifying and
prioritizing this work. In particular, we appreciate the
Board' s feedback during the January neeting in Amargosa
Valley. | am encouraged by the progress we have made this

year in inproving our conmmunication wth you, and am pl eased
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with the positive reaction we received wth respect to our
efforts to address and resol ve specific questions you have
posed. W intend to continue to strengthen this

communi cati on process and address those areas where the Board
has requested further information. Consistent with your
observations, we recognize that we need to continue to
provide informati on on investigations as they advance and
strengt hen the technical bases for all decisions regarding a
possi bl e site reconmmendati on.

Your recent letter reiterates the Board's
priorities for inprovenents to our technical program In
response to the concerns of the Board, we continue to
i npl ement and refine our plans and our activities for the
additional technical work. Mich of that will be discussed
here in the next day and a half.

Qur work remai ns focused on the four areas that you
have recommended: (1) the meani ngful quantification of
conservatisns and uncertainties in the performance
assessnent; (2) progress in understandi ng underlying
fundanment al processes involved in predicting the rate of
wast e package corrosion; (3) an evaluation and conpari son of
t he base-case repository design with | ow tenperature designs;
and (4) further devel opnent of nmultiple lines of evidence to
support the safety case, the lines of evidence being derived

i ndependent|y of perfornmance assessnent and thus, not subject
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to the limtations of the perfornmance assessnent.

Qur recent response to your comrunications | ast
week describes our approach to addressing these priority
concerns. We paid particular attention to providing details
regardi ng our plans for evaluating and conparing designs in
recognition of the inportance of that design flexibility
issue. Mich of this information will be presented and
di scussed in the next day and a half in the context of the
speci fic questions in the format of the neeting, which
think is very helpful to us. | look forward to further
feedback fromthe you in the next day and a half.

We have made consi derabl e progress to strengthen
our technical bases and, despite enornous chall enges,
mai nt ai ned the essential nonentumto inplenent our Nation's
policy for the managenent of spent fuel and high-I|evel
radi oactive waste. W believe we have conducted a worl d-
class investigative science programto determ ne whether the
Yucca Mountain site is suitable for further devel opment. W
have now reached the next step in the process, and we have
initiated the formal site consideration process.

Your constructive feedback on our activities is

inportant to us to assure that we provide the decision-nmakers

with a sufficient technical basis to support the next
decisions in this program | believe the Board's
recomrendati ons have led to a further strengthening of our
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techni cal program especially toward influencing the

evol utionary, stepw se design process and the analysis of the
uncertainties for each of those steps. The stepw se

devel opment of a geologic repository, with the design and
operational flexibility and reversibility, coupled with
continuous | earning feedback | oops, is essential and
inmportant for a first-time endeavor like this. W have begun
t he science based site consideration process, as a part of
the steps required under law to devel op a geol ogic repository
and hopefully to fulfill our generation's responsibilities
and begin waste acceptance in 2010.

We continue to operate the programin an open and
transparent manner, worthy of public confidence and trust. |
believe that after 20 plus years, we are in a position to
achi eve inportant national and gl obal decisions later this
year.

| thank you for your attention, and would be
pl eased to address any questions that you may have for ne.

COHON: Thank you very much. Questions fromthe Board?

Lake, woul d you coment on the budget outl ook for

t he progranf

BARRETT: Yes. W' ve requested $445 nillion, which was
an increase in the Departnent, which was very good rel ative
to other segnents in the Departnent of Energy. | expect

there will be a very difficult budget cycle for all involved,
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both the commttees on the Hll, and the Departnent itself.
We have our hearings starting tonorrow in the House, and the
Senate | believe is Thursday, though that may be noving to
next week. |It's going to be difficult. There are nmany
reductions that were taken.

We feel that we were successful within the interna
reviews wthin the Departnent, which are sonetines the nore
difficult ones, the ones that are in the famly, where the
Secretary had to bal ance the needs of conservation, cleanup,
nati onal defense and ourselves, and we did well, relatively
speaking. W had a |lot of catch-up to do. W have deferred
tremendous anounts of engineering activities for the license
application in the preclosure area. W have focused pretty
much excl usively on the postclosure period, which is
appropriate, and | don't feel badly about that. But we've
got a lot of catch-up to try to not allow the license
application to slip any further.

So with the bulk of that noney would be to do the
catch-up for that. Also, wth a decision on what we're going
to do with Yucca Mountain toward the end of the year, that
goes into the 2002 period. So we'll see how it goes, but |
expect it wll be a difficult cycle for everyone.

COHON: Dan Bul | en?
BULLEN:. Bul |l en, Board.

Lake, could you comrent a little bit about the
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Yucca Mountain standard and your understanding of the timng
of when there m ght be a standard for Yucca Mountain
specifically based on the rel ease of the final Environnental
| npact St at enent ?

BARRETT: Well, the Administration, and this is led by
Adm ni strator Whitman, is working on the standard, and the
Adm nistrator is personally involved in that. | don't go to
those neetings. | know they are working on it, and
addressing that. Exactly when they will reach a concl usion,
| don't dare predict. | can tell you the process. Once the
EPA makes their decisions, then the NRC woul d need to nmake
their decisions to conformtheir regul ations, and then we
woul d just follow the two. It has been our goal to have our

standard in place for any potential hearings, which could

possi bly take place in the sunmer. It nust be done before
the end, in ny opinion. | don't know what that schedul e
woul d be, and we'll just have to wait those devel opnents.

BULLEN: Thank you.

COHON:  Debra Knopman?

KNOPVAN:  Lake, could you tell us whether anyone from
the program or the Departnment or the M&O has spoken with the

Vice-President's task force on energy policy, or has been
asked to speak or present material ?
BARRETT: We have not, none to ny know edge, let ne

phrase it that way. | have not spoken to the task force. |
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know peopl e on our Seventh Floor and the Secretary's personal
staff have. | know this subject has been brought up in

di scussi ons, but none of us have ever nade a presentation, to
ny know edge.

COHON: Any ot her questions?

(No response.)

COHON:  Thank you very nuch, Lake.

BARRETT: Thank you.

COHON:  Norm Chri stensen, Board Menber, will now take
over as chair of the neeting.

CHRI STENSEN: Good norning. Qur first presentation in
this session this norning will be consideration of the
revision of the FY2001 work plan for the Ofice of Cvilian
Radi oacti ve Waste Managenent. The presenters will be Steve
Brocoum Assistant Manager for the Ofice of Regulatory and
Li censi ng Conpliance at the Yucca Mountain Site
Characterization Ofice, and Jerry King, Project Mnager for
Site Recommendation with Bechtel

St eve?

BROCOUM Ckay, |'mgoing to talk a little bit about the
path forward to a possible site recomendation, and then |']
get into the planning and how it relates to that.

So the next viewgraph says the path forward, the
site recommendati on docunment structure and the process as we

understand it today, the purpose of our fiscal year 01 re-
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pl an and our FY 02 re-plan.

We have announced, DCE has announced the initiation
of a public coment period on the possible site
recomendati on of the Yucca Mountain site for devel opnent as
a geologic repository.

We have rel eased the Yucca Mountain Science and
Engi neering Report to facilitate public review and comments.

The Yucca Mountain Sci ence and Engi neering Report, the
associ ated AMRs and PMRs and the TSPA and ot her suppl enent al
information provide the technical basis for the eval uation of
a site suitability and neet the intent we hope of the Nuclear
Waste Policy Act and Amendnents, Section 114. Description of
t he proposed repository include prelimnary engineering
specifications, description of the waste form and packagi ng,
and rel ationship between the waste form and packagi ng and the
geol ogi ¢ medi um and of course discussion of the data
obtained in site characterization relating to the safety of
t he Yucca Mountain site.

We al so have rel eased the Supplenment to the Draft
Envi ronnental Inpact Statenent. That addresses the evol ution
of the potential repository design, reflecting the various
desi gn options and operating nodes that could reduce
uncertainties, inprove |long-term performance, and operating
safety and efficiency. It presents the potential

envi ronnment al inpacts based on our evol ving desi gn concept
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and it provides for public review of changes in these
potential inpacts. W have copies of a Supplenment to the
Draft Environnental |npact Statenent on the table, and |
understand we will soon have copies of the Executive Summary,
Sci ence and Engi neering Report. They're on their way. And
t hose Executive Overviews have in thema CD that has the
whol e docunent.

This sumer, we will issue additional information
that the Secretary will or may use in his consideration that
will include the results of ongoing sensitivity and
uncertainty anal yses, and they will be presented in a report
call ed the Suppl enmental Science and Performance Anal yses
(SSPA). That has two volunes; Volunme 1, which is Scientific
Bases and Anal yses, has all the technical information, and
Vol une 2 has that information and how it affects performance.

After the release of the SSPA, we will then rel ease
the Prelimnary Site Suitability Evaluation (PSSE) based on
the nethods and criteria of DOE s proposed suitability
gui del i nes, proposed 10 CFR, Part 963, and that's based on
t he Sci ence and Engi neering Report, and all the other
i nformation.

Wen we rel ease the PSSE, DCE wi Il al so announce
the dates and tinmes and | ocations for the public hearings on
its consideration of Yucca Muuntain, and the date for the

cl ose of the public comment period. So the comment period on
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t he Sci ence and Engi neering Report is an open ended conment
period at this point in tinme.

Since we acquired additional information to enhance
the technical basis for a possible site recomendation, we
have expanded, or maybe a better word woul d be extended the
site recomendati on process.

We are hoping to provide the Nucl ear Waste
Techni cal Review Board, the public, the NRC, and ot her
interested parties and stakeholders tinme to review avail able
materials and fornul ate comments regarding a possible site
recomendation. And we are releasing information as it
beconmes available in stages to facilitate that.

The next viewgraph shows the pyram d, sonmewhat
updated. The bottom part of this pyram d shows all the Kkinds
of detail reports that we've collected over the years that
formthe technical foundation of our program The mddle
part of this pyram d shows nore or less the reports that pul
all this information together, for exanple, the TSPA, SR and
the process nodel reports, analysis and nodel reports. The
part of the diagram surrounded by the black forns what we
call the conprehensive basis for a possible recommendati on by
the Secretary. That will consist of the science and
engi neering report, the site suitability eval uation, conmmrent
summary docunent, NRC sufficiency comments, and finally IS,

along with the response docunent, and the fee adequacy and
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TSLCC.

I f they decide to go forward, he may issue a
potential secretarial recommendation, and if the president
decides to go forward, he may issue a potential presidential
reconmendati on.

This diagramtries to show just in kind of a
| ogi cal flow the sequence of events. On the 4th of My, we
i ssued the supplenent to the DEIS, and the Yucca Muntain
Sci ence and Engi neering Report. W have an open ended
comment period on the science and engineering report. The
cl ose of that comment period will be announced when we issue
the prelimnary site suitability evaluation and notice and
have the hearings.

We expect to receive sufficiency comments, and if

appropriate, the secretary will nake a decision and notify

t he state.
The supplenent to the DEI'S was issued al so May 4th.
That has a 45 day comment period that starts this Friday the
11th of May, and ends | think it's June 25th, and the

hearings will occur in the vicinity of the site around the
1st of June.

The bottom just you the key technical activities
that are going on. W had our nodel uncertainty workshop
earlier in the year. W initiated our waste package

corrosion peer review. W initiated our TSPA peer review,
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and we' Il be issuing this sumer the supplenental science and
performance analysis, the two volunme report that | nentioned.
Now, we had originally planned to release a two
vol une site recomendati on consideration report in late 2000
toinitiate the site recommendati on process, but deferred the
release to allow tw thing. One, the enhancenent of the
technical basis for a site recomendati on, and second, the
conpl etion of the Inspector Ceneral's report.
Al so, oversight and stakehol der comments i ndi cated
a need for a broader and nore robust technical basis, and
that's what we've devel opi ng now and we hope to present in

t he suppl enental science and performance anal ysis.

So the work has been replanned. And in the next
few vi ewgraphs, we'll talk about the replan.

W are now in the mdst of approving an updated
plan for fiscal year 01 with this revised approach to site

recomendation, and we're currently review ng within DOE for
acceptance. That plan identifies a possible SR decision in
early fiscal year 02, and a possibility, if the site is

deened to be suitable, is submtted to the NRS in 2003.

Thi s plan includes anal yses and docunentation
needed to enhance the technical basis for a possible SR It
builds on TSPA Rev 0, ICNl, which | believe was issued |ate

| ast year, Decenber, 2000, and conpares the results, and it

buil ds on the evaluation of a flexible design over a range of
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thermal operating tenperatures. And it enphasizes what the
effects on performance woul d be across that range.

The key thing we're trying to do in this replan is
to integrate into our work all the TRB concerns, the four key
concerns, and the KTI, the key technical issues fromthe NRC,
so that this work, the TRB concerns are not add-ons, but
they're integrated fully into our work.

So the plan attenpts to address the key TRB i ssues,
for exanple, the neaningful quantification and conservatism
and uncertainties in our performance assessnents. That w |
be addressed in the supplenental science and perfornmance
analysis, and in the international TSPA peer review.

Progress in understandi ng the underlying
fundanment al processes involved in predicting rate of waste
package corrosion will be address in our waste package peer
review report and in additional |ong-termtesting.

Eval uati on and conpari son of the base-case
repository design with | owtenperature that focuses on the
foll ow ng consideration. The repository design paraneters
and thermal operating nodes. Those have been described in
t he suppl enental science and engineering report. The basis
for using the process nodel reports over a wi de range of
tenperatures, extrapolating fromjust the high tenperature,
wi |l be addressed in the supplenental science and performance

anal ysis Volunes | and |1
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The effects of uncertainties over the range of
operating nodes will also be addressed in the suppl enental
sci ence and performance analysis, Volunmes | and I1. And
using the TSPA to evaluate the range of operating nodes wl|
be addressed in--have been addressed to sone degree in the
Yucca Mountain Sci ence and Engi neering Report, and will be
addressed in the suppl enental science and performance
anal ysi s.

Devel oping nmultiple lines of evidence to support
the safety case that are derived independently of performance
assessnment wll be addressed in the supplenental science and
eval uation report, Volune I.

We do our planning in several stages. W're trying
to put in place the plan for the rest of fiscal year 01. W
are also planning for the next three years, fiscal year 02
and beyond, and that's the work that's going on right now.
That gui dance that we prepare through our contractor wll
enphasi ze continued work to address the Nucl ear Waste
Techni cal Review Board concerns, continued work to address
the NRC KTI agreenents. As you know, we have had at | east
ten meetings with the NRC where we've reached these
agreenents on what issues to address, key technical issues.

Compl etion of the site recomendation as
appropriate, and revision of the technical basis for a

potential LA, should the site prove to be suitable.
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And this is the last bullet, how we go back and
forth with our contractor when referring to that plan.

This was al ready nentioned, but a |ot of the issues
of concern to the Nucl ear Waste Technical Review Board are
bei ng addressed today, and this is a |list of people doing
that. One thing | left off is the presentation of the
| nternati onal Waste Package Peer Review by Joe Payer. That's
al so bei ng addressed today.

So, in summary, we have announced the initiation of
the coment period for a possible SR decision. The science
and engi neering report, and the supplenent to the DEIS are
avai l abl e for public coment. This sunmer, additional
information will be nade available. The supplenent to the
science and performance analysis will be issued, and shortly
thereafter, the prelimnary site suitability evaluation. At
that point, DOE will announce the hearings in the vicinity of
the site for a possible site recormmendati on and cl ose the
comment period on the science and engi neering report.

We extended the process. W originally in our
schedul e had a possible site recormendation in July of this
year, and that's been extended. W' re updating our planning
to fully incorporate into our work scope the Nucl ear Waste
Techni cal Review Board concerns and the key technical issues
that have been identified by the NRC

O course, our ongoing testing and data anal yses
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and design will continue to enhance our understandi ng of the
site conditions. And beyond the suppl enental science and
performance analysis, if any newinformation is available, it
will be released and nmade available to the public and to the
Boar d.

Thank you. Any questions?

CHRI STENSEN: Debr a?

KNOPMAN:  Steve, would you clarify the process now for
finalizing the now proposed suitability guidelines, 10 CFR
63, since your docunentation is geared to the proposed
gui del i nes as opposed to existing regul ati ons?

BROCOUM |'m not sure what the question is.

KNOPMAN:  On Page 5 of your presentation, you say the
prelimnary site suitability evaluation is based on the
met hods and criteria in DOE s proposed suitability
gui del i nes.

BROCOUM  That's correct.

KNOPMAN:  All right. Wen are those proposed
suitability guidelines being finalized?

BROCOUM  They have been submtted to the NRC for
concurrence. The NRC has stated publicly that they were
waiting for the EPA to finalize their guidelines, and then
they' Il finalize their regulations, and then they will concur
on our guidelines.

However, from our perspective, that does not
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prevent us fromissuing our prelimnary site suitability

eval uation, since it's only prelimnary and it will be based
on those guidelines. That schedule is not under our control.
That's under EPA and NRC s control. So we would |like them

as soon as possible, and we stated that.

KNOPMAN:  So just for clarification, the EPA standard is
in the critical path of all these, finalizing all these
docunents, but you will proceed with the public coment
period on--

BROCOUM The EPA's interagency review in January, it's
still an interagency review W'Il|l go as far as we can
absent the final regulations. W believe we can issue the
site suitability evaluation, go that far. Wat we do after
t hat depends on the state of the regulations. |If the
regul ati ons have a surprise, in other words, if they're
different than the proposed, then we will of course have to
go back and reassess, do nore work or issue nore work, or
have another comment period even. But we'll wait and see
what the final regulations are.

CHRI STENSEN: Dan Bul | en?

BULLEN: Bul |l en, Board.

Steve, you nentioned the International Peer Review
of the total system performance assessnment. How is it going?
When do you expect to have results? WIIl it be conpleted in

time for the final SR decision?
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BROCOUM | think there will be a report this fall prior
to the proposed SR decision. | don't knowif it wll be
conpl eted. Abe?

VAN LU K:  Abe Van Lui k, DCE.

We spoke with both | AEA and NEA | ast week. They
are mailing by snail mail the signature sheet for Russ Dyer
to sign to note that there's agreenent now after seven go
arounds on the terns of reference. The IAEA is awaiting a
purchase order. W are awaiting a grants application from
the NEA. That's the way they would like to work it to
mai ntai n their independence.

As soon as those things are done, which we hope to
be done in the next two to three weeks, we hope to, in about
t he second week of June, have a neeting in Las Vegas to
orient themand present materials to them and perhaps
anot her neeting in August to answer any questions that they
may have. By the early October, we hope to have a
prelimnary report with our major findings, and a very
detailed report with all of our findings in about the

February time frame. That's the way things stand right now.

CHRI STENSEN: Don Runnel | s?
RUNNELLS: Runnells, Board.
Steve, you haven't nentioned the revised repository
safety strategy report. |Is that going to be now a part of
t he SSPA report?
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BROCOUM No, that is not going to be part of the SSPA

that will be a stand al one docunent. [|'mnot sure exactly
where that stands in the planning. | need to talk to Nancy
Wlliams on that. But we would like to have that report in

the fall.

RUNNELLS: In the fall?

BROCOUM  Yes.

RUNNELLS: Ckay, thank you.

CHRI STENSEN: Ri chard Pari zek?

PARI ZEK:  Pari zek, Board.

There was a peer review report issued | ast week on

t he bi osphere, and having read it, it seened |ike there were

sonme inportant points raised. One, it was conplinentary to
the programas to what was done. It also indicated other
things that could be done to strengthen future biosphere
considerations. And the question is to do anything for the

future, does that nean for LA?

BROCOUM  Cenerally, new work nmeans beyond this year
anyway. Sure. | don't want to--Abe is here again.
VAN LU K:  This is Abe Van Lui k, DOE, again.
Yes, we're very pleased to receive the final
report. We haven't officially received it yet with a cover

letter, but we will this week. What we intend to do as per
our procedures is to wite a reply to what we have received,

and what we will do is categorize those things that we can do
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ri ght away, such as sone sensitivity studies that were
recommended, | ooking at the inpact of using ICRP 72, as was
recommended, and then also prioritizing for future work those
things that we can do within the next year and those things
that will take a little bit |onger.

But | think basically I"'mvery pleased with the
content of that report. | think if we do a nunber of the
t hi ngs that they recommend, we definitely are on the Vanguard

of the world's advancing nethod of dealing with the

bi osphere.
PARI ZEK: Quite a few of the points were not mandatory,
but just recommendations for you to deci de whether you would

or would not go forward with them

VAN LU K:  Exactly. Yes.

PARI ZEK: But the KTI process is also of interest in
terms of the nunber of things to be dealt with. It sort of
depends in the next three years on budgetary considerations

as to whether you can really do all of the things that you
need to do to focus on KTIs? And | guess it's al nost
inferred that you will do all those things.

BROCOUM Well, | think we need to resolve all the KTI
issues. That's kind of the basis behind all these things
with the NRC. So we, in ny view, could not submt our LA
until we resolved all the KTI issues.

PARI ZEK: And that's budget dependent in fact, too?
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BROCOUM That is, in part, budget dependent; that's
correct.

CHRI STENSEN: Steve, thank you. Let nme suggest that
Larry go ahead with his presentation, and then if we have
addi tional questions for either--Jerry, pardon nme--for either
of you at the end, we can cone back

KING Good norning. I'mgoing to give you just a very
brief overview of the FY 2001 plan, the process for
devel opi ng that plan and approving it, a summary of the key
el enents of what we're calling our revised site
reconmmendati on approach, which runs throughout the plan and
the presentations, you'll be seeing today and tonorrow, a
qui ck overview of plan site reconmendati on docunentati on,
whi ch Dr. Brocoum has al ready touched upon, and then I'l| get
into the neat of the talk on the FY 2001 workscope, or the
pl anned workscope. And | tried to organize the presentation
of this around the Board's four key issues, quantification of
uncertainties, corrosion, |ower-tenperature operating nodes,
and multiple lines of evidence. And then, finally, a sumrmary
of the revised SR approach.

Bechtel SAIC over the last three or four nonths
basically did a conplete replan of the technical work for
fiscal year 2001, and submtted that to the Departnent of
Energy on April 30th for DOE s review and approval. As |

said, this was pretty nmuch a conplete replan focused on the
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Board's four key issues and on the NRC s KTls. The replan
was not only identifying the workscope, but devel oping an
integrated project schedule with all the logic ties between
the activities and resource | oading of those activities,
subm tting thousands of elenments in that schedule. But now
that we have it in place, it enables us to answer "what if"
guesti ons.

The plan focuses on the remaini ng anal yses and
docunent ati on needed to support a possible Secretari al
decision on site recommendation by early fiscal year 2001.

It does reflect a revised SR approach, which I'I|l describe in
a second. And it also includes high I evel planning for work

beyond site recomendation to support the conpletion of a

license application if the site is recomended and
desi gnat ed.

kay, revised SR approach. The keystone of the SR
approach is based on a flexible repository design that can be

operated over a range of thermal operating nodes. And Larry

Trautner will be tal king about this in sone detail later on
today. It builds on the total system performance assessnent
t hat was docunented in TSPA-SR Rev O Interim Change Notice 1

whi ch assumed a hi gher tenperature operating nodel. Hi gher
tenperature is relative. It was still a lot cooler than the
design that was in the viability assessnent, but it forns

sort of the high end of the spectrum of the potenti al
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operating nodes we're consi dering now.

It eval uates repository perfornmance across a range
of tenperatures, ranging froma heat |oad that would boil the
wal | rock about halfway into the pillars between the drifts,
down to a | ow range that woul d keep waste package surface
t enper at ures bel ow about 85 degrees C., and devel ops design
details as needed to support those performance eval uati ons,
and to ook at the feasibility of design and constructibility
of those | ower tenperature operating nodes. And it defers
nost of the other design detail devel opnent work until after
the site recommendation, and if the site is reconmended and
desi gnat ed, those design details will be devel oped consi stent
with the license application design.

As | nentioned, the revised approach addresses, or
at least we hope it addresses the Board's four key issues:
meani ngf ul quantification of conservatismand uncertainties
in TSPA, progress in understanding fundanental processes in
corrosion rates for the waste package, evaluation and
conpari son of the base-case design with a | owtenperature
design. And as the Board is well aware, we're actually
answering a sonewhat different question than the one that you
asked. We're answering the question of how would the
repository operate with a single flexible design that can be
operated over a range of thermal operating nodes. W trust

that that's going to be responsive to the Board's concerns,
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and we' Il be tal king about that quite a bit nore today. And,
finally, multiple Iines of evidence for the safety case that
are derived i ndependently of TSPA.

So we have these four key Board issues and the
NRC s key technical issues in front of us all the tine as we
did the replan for this year, and attenpted to nake sure that
we addressed all of them

SR docunentation. Dr. Brocoum has al ready
menti oned the science and engi neering report, which we issued
last Friday. It updates site and design information since
t he 1998, Decenber, viability assessnent, and it formally
ki cked off the final site recommendati on deci sion process by
announci ng the secretary's consideration of the site and
DCE' s intention to hold public hearings.

Si mul t aneously with the science and engi neering
report, the Departnent issued the supplenent to the Draft
Envi ronnental | npact Statenent, which was itself updated,
updates the draft Environnental |npact Statenent to consider
the range of thermal operating nodes, and that kicked off a
45 day public comment period starting fromthis Friday.

Dr. Brocoum al so nentioned the suppl enental science
and performance anal yses, SSPA, which under the current plan,
will be issued this summer. Volune | of that docunent
descri bes the new science that is being incorporated into the

TSPA nodel to provide input to sensitivity studies. That new
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sci ence includes a nunber of things, including a new | ong-
termclimte nodel which Dr. Saxon Sharpe will be talking
about. It includes an updated seepage nodel and a nunber of
other things that Bill Boyle will be tal king about in his
presentation. It includes the description of alternative and
usually |l ess conservative and nore representative process
nodel s, with revised ranges of uncertainties, and
descriptions of how those process nodels were nodified to
reflect the potential effects of a cool er operating node.

Vol ume | has been drafted and is under technical review right
now.

Volunme 11, which is still under devel opnent, the
sensitivity studies haven't been run yet, is going to take
those inputs that are in Volune |, docunented in Volune I,
and will run the TSPA nodel to performsensitivity studies
that work at the effect on performance of the alternative
process nodel s and revised ranges of uncertainty and the
cool er operating nodes.

You're going to hear quite a bit nore about what

this new science and new nodels are in talks foll ow ng m ne
today and tonmorrow. It will be touched on by Bill Boyle, Rob
Howar d, Rob MacKi nnon and Saxon Shar pe.

Prelimnary site suitability evaluation is al so
pl anned for this summer. The suppl enentary science and

performance anal yses is a key technical reference for this



© 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

53

docunent, so that has to be done before this one can be
i ssued. The SSPA, along with the science and engi neering
report, are the two key technical references for the
prelimnary site suitability eval uation

As Dr. Brocoum nmentioned, it's a prelimnary
eval uati on against DOE's site-suitability guidelines in
proposed 10 CFR 963. It will evaluate repository performance
over a full range of thermal operating nodes, and it wll be
updat ed based on public comments and any changes to 10 CFR
963, if there are any changes to 963 that woul d affect the
suitability eval uation

2001 Workscope. As | said, | attenpted to try to
organi ze this under the Board' s four key uncertainties, but
some of thisis alittle arbitrary, and you stick it under
t here because sonme of the workscope itens address nore than
one, but | tried to put it where it seened to nmake the nost
sense.

There are unquantified uncertainties in the current
TSPA nodel associated with a choice of conservative paraneter
bounds, conservative and sone optimstic nodels and
assunptions, and conservatively biased paraneter
di stri butions.

The conservative bias in the TSPA-SR Rev. 0 was
intentional. It was done with the intent of ensuring the

defensibility of the outputs of that nodel. But there is an
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interest in understanding what do we think the site really
woul d do with our best estimate? Wat is the inpact of
putting nore representative nodels in? And what's the inpact
of nore fully identifying a full range of uncertainties?

What does that do to performance projections? So that's what
we're attenpting to address in the supplenentary science and
per f or mance anal ysi s.

The steps in getting to that is first to review the
treatment of conservatisns and uncertainties that are in the
exi sting TSPA-SR.  That review has been done, and will be
just summarized for you later by Bill Boyle. The second is
to assess the unquantified uncertainties in the TSPA nodel
i nputs, which was done through a series of expert
elicitations. Then to conduct conponent-I|evel analyses of
t hese uncertainties and to identify their significance. Bil
Boyle will be presenting a talk on the interimresults of
this effort later on today.

The unquantified uncertainties there in the third
bul | et enconpasses a | arge range of inputs, including
uncertainties in the seepage nodel, the possibility of a
drift shadow zone, which Bill Boyle will be addressing,
changes to long-termclimate nodel and net infiltration that
Saxon Sharpe and Jerry McNeish will be tal king about |ater,
wast e package and drip shield degradation, which Rob Howard

wi || be tal king about, and EBS transport that Bob MacKi nnon
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will be tal king about.

The uncertainties that are identified will be
i ncorporated into the TSPA nodel and produce a suppl enent al
TSPA using the TSPA-SR Rev. 0 ICN 1 nodel as the starting
point, and that will be docunented in the suppl enental
sci ence and performance anal ysis report comng out this
sunmmer .

Foll owi ng that report, we will continue to do work,
i ncludi ng TSPA anal yses on | ess significant uncertainties,
and devel opi ng gui dance for the treatnment of uncertainties in
the future anal yses and nodeling efforts. And the initial
results fromthose efforts will be available at the tinme of
the SR, although they won't be in the actual docunentation
basis for the SR

In addition to the bullets | have here, | didn't
quite know which itemto put this under, will be continued
testing that Mark Peters will tal k about tonorrow, to include
testing at Busted Butte on colloidal transport, and
preparatory activities for nulti-well alluvial testing down
in Amargosa Vall ey, incorporating Nye County results on their
saturated zone testing, and continued corroboration with the
| abs on trying to resolve the Chlorine-36 questions.

Okay, corrosion. The second bullet itemto be
i ncluded in our workscope i s devel opi ng a conceptual nodel

for passive filmstability, identifying thermal and chem cal
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dependenci es of the long-termcorrosion rates, |ooking at
appropriate natural anal ogs that can give us sone |ines of
evi dence independent fromthe [ab tests, and conducting
short-duration tests and initiating--well, conducting the
wast e package corrosion peer review. And you'll hear where
that stands |ater today by Joe Payer. And conducting
additional testing and anal yses to evaluate the corrosion
degradati on rates.

This testing, which Mark Peters will be touching
on, includes analyzing dust for formation of hydroscopic
salts, conducting phase stability studies, developing a
t hermal agi ng kinetic nodel, |ooking at m crobial induced
corrosion, nore studies on stress corrosion cracking, passive
filmstudies, and neasurenments of Alloy-22 and titanium
corrosion rates.

The | ower-tenperature operating nodes. 1've |unped
nost of the work that we're doing under this heading. The
first step here was to | ook at our requirenents docunents,
design requirenents docunents, to identify potenti al
conflicts with operating repository and a | ower thermal node,
and there are a couple conflicts in there that had to be
taken out. A specific exanple was there was a requirenent in
one of our requirenents docunments that the repository design
showed that the repository could be closed as early as 30

years, or it nust be designed so that it could be closed as
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early as 30 years. But you can't close it in 30 years and
still emt sonme of the | ower-tenperature operating nodes

So we're meking the changes to renove those
conflicts, and then there will be a longer termeffort to
actual ly devel op new and nore detailed requirenents in our
system desi gn descriptions for how the repository woul d be
operated in | ower tenperature nodes.

Wor kscope i ncl udes supporting the screening of
design-rel ated features, events and processes for |ower-

tenperature operating environnments. Bob MacKi nnon will be
tal king about the results of that FEP screening in his talk.
I't includes conducting an engi neering anal ysis of one
representative | ower-tenperature operating node to | ook at
the design feasibility and constructibility of that. Larry
Trautner will be tal ki ng about that.
It includes conducting paranetric studies to
expl ore ways in which | ower-tenperature operating nodes could
be achi eved through vari abl e desi gn and operating paraneters.
Larry will be providing the details on that. And there's
al so other design work that's not directly related to therm
nodes, including design work on the invert, the drip shield,
seism c response and nuclear criticality.
Conti nui ng on, the workscope includes identifying
thermal | y dependent physical processes with the nost

potential inpact on system performance, considering both
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nodel uncertainty and the ranges of thermal operating
envi ronment s.

When the expert elicitations were conducted, the
subject matter experts were asked not only, you know, what do
you really think the range of uncertainty is, you know,
what's your best estimate, other than a conservative estimate
of this particular paranmeter or nodel, but also how woul d
t hose estimates change as a function of tenperature, if at
all.

Revi ew how t hermal dependenci es were incorporated
into the existing TSPA nodel, devel opnent of alternative
nodel s that nore fully enconpass the range of possible
thermal effects, and establishing whether existing

abstractions for the process nodels are adequate and

defensi bl e over the ranges of operating environnments. Al

that work will be docunents in the SSPA this sumer.
Conti nui ng, the TSPA nodeling work required

devel opment of nunerical sinulations of the thermal-

hydr ol ogi c-chem cal environnents for the higher and | ower

t hermal operating nodes. And then what we call "one-off"

cal cul ations using the existing TSPA nodel with these updated

i nputs, including unquantified uncertainties and new sci ence.
So we'll take the existing nodel, we'll then take these
nodi fied inputs that would nore fully reflect the

uncertainties, reflect alternative, hopefully nore
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representative estimtes of those inputs, some of the new
science, and see, conducting sensitivity studies, what does
that do to the results. That's the first step in the PA
anal yses, and I'll get to the second step in a mnute.

Then update the TSPA nodel to build a new TSPA
nodel that actually includes the nost inportant new science,
nost i nmportant meaning the science that's anticipated to have
an actual effect on the outcone, including the |Iong-term
climate nodel, and the nost inportant findings fromthe

unquantified uncertainties work as informed by the
sensitivity studies, and then to run this new full system
TSPA nodel for both the higher and | ower tenperature
environments. So all of that work that |'ve tal ked about
there will be docunented this sunmer in the SSPA report.
Following that, we will continue ongoing work, and
starting some new work, including the initiation of in situ
and | aboratory testing to determ ne thermal rock
characteristics. The nost inportant rock characteristic is
the thermal conductivity in the repository horizon. That
will include both lab and in situ testing. Continue our
| aboratory ventilation testing to support preclosure
projections of the environnment in the enplacenent drifts. It
will also include sonme nodeling of natural ventilation,
| ooking at that possibility.

Conti nue nodel conparisons to observations fromin
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situ coupled process testing. This testing includes both
continuation of the drift scale test, the cross-drift therm
test, seepage test, investigations into fracture sealing,
wat er and gas chem stry in the potential shadow zone. Mark
Peters will be talking on nore of the details of the testing
progr am

And then, finally, defining, devel oping and
preparing to inplenent a systematic decision process to
sel ect the design paranmeters and ranges of operating nodes
for inclusion in the license application, if the site is
recommended and designated. W will not have made the final
design decision at the tine of the final site recomrendation
decision, if the secretary nakes that decision, early in
fiscal year 02, but we would have a plan prepared that woul d
detail how we would continue to evolve the design and on what
time table and what the considerations would be in that

desi gn evol uti on.

Multiple lines of evidence. Dr. Van Luik will be
tal king about this in considerably nore detail, but we're
going to be docunenting other |ines of evidence that support

our conponent nodels. W believe that there are a nunber of

Iines of evidence out there that we haven't, frankly, done a
very good job of documenting and explaining to people. So we
intend to do that. This includes docunenting technical

argunents based on multiple lines of evidence to support
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under st andi ng of the natural and engi neered systens, and the
applicability of process nodels over extended ranges of
tenperature, and devel opi ng appropriate natural anal ogs t hat
provi de other lines of evidence related to corrosion

mechani sns.

And there will be some site-specific natural anal og
studies that will continue, |ooking at data from Pefia Bl anca,
t he Mexi can uranium m ne, as an analog for a radionuclide
transport, and | ooking at the Yell owstone site as an anal og
for thermal, hydrol ogic and chem cal processes at Yucca
Mountain. And a synthesis report on these ongoi ng anal og
studies is currently schedul ed for Novenber of this year.

Finally, a summary of revised SR approach. As i
said, the cornerstone of it is a single flexible repository
design that has the ability to be operated over a range of
t hermal operating nodes. There are both design paraneters
that we have | ocked in at the noment for the purpose of
anal yzi ng the performance of our current design, but
paraneters which can be unl ocked | ater, and operational
paraneters that can be varied even once the repository has
been built. Larry Trautner will be detailing this in his
tal k.

It includes an analysis of previously unquantified
uncertainties, both alternative nodels and paraneter inputs,

anal yzing | ower-tenperature operating environnments that would
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result in the in-drift environment. It includes a particular
focus on waste package corrosion, because it is a key
conponent of repository performance, and a better job of
expl aining and incorporating nultiple lines of evidence.

And that concludes ny presentation. | wll be
happy to entertain any questions.

CHRI STENSEN:  Thank you, Jerry. Board nenbers?

COHON: | have a general question about the various
reports and studi es and what state they'll be in and how t hey
will affect the site recommendation, and then the Secretary's
decision, and a specific question related to all that about

uncertainties and the treatnent.

Now, from Steve's talk and yours, but let nme try to
frame it this way, | imagine that there will cone a tine
early in fiscal 02 where Lake is going to sign a meno and it

wi |l probably be signed by the Deputy Secretary and soneone
el se, too, to the Secretary that says sonmething |ike, just
speaki ng hypothetically here, we think you should reconmend
Yucca Mountain, and then it's going to say why. |Is there

going to be something attached to that nenp? And if so,

what? | don't nean to trivialize this. The question is what
is the Secretary going to base his decision on? And in that
regard, is the site suitability evaluation report, is that

the thing that will be attached to the nmenp?

BROCOUM | don't know if it will be attached to the
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menmo or not. But it's that area surrounded by black on the
permt that's in front of you. |In other words, that's the
conprehensive basis for a site recommendation. So the
Secretary will use everything that's in black, surrounded by
black on that permt. That includes the suitability

eval uati on, and includes whatever else is in that that | went
over before.

COHON: Okay. O course we know that's thousands of
pages of reports and CDs and stuff, so the Secretary can't
reasonably read that, so let nme use uncertainties as a
speci fic exanple. One of the things that the Board has

conmmuni cated with regard to uncertainty when it has

interacted with DOE, both in witing and verbally, is that
we' ve used the phrase, "neaningful quantification.™ 1'mglad
to see you've picked it up. But it also has to do with how

that is conmunicated. So the question is what will the
Secretary know about uncertainty? How w |l that be
sunmmari zed and conmuni cat ed?

And then the question I'"'mfinally trying to get to,
| nmean | care about the answer to that question, but the
rel ated question is what will support that? And this goes
then to what's avail able when, and how it gets used? And
readi ng between the lines, let's see if this is correct; that
if the Secretary is told sonething, or reads sonething about

uncertainty, that whatever that is is going to be based on
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what you know now, on the results you have now. And that the
results that you m ght generate between now and that
recommendation will go into perhaps the SSPA, and may
i nfluence sonething after that, but not the Secretary's
deci si on.

BROCOUM Certainly we intend to include everything
t hrough the SSPA. The SSPA will conme out first, and then
we'll issue the prelimnary site suitability eval uation
which will be finalized if the Secretary decides to go
forward. We will also have other information, because the
program you know, keeps witing reports and keeps spending a
mllion dollars a day, so there will be other information
avai l able, and that will be made avail able to everybody as we
get it ready. But the intent was that the Secretary woul d
base his evaluation on what's in those black |ines, and each

of those docunents will have an executive summary. And we

envision that the Secretary hinself will issue sort of, you
know, justification and his reasoning that he will issue to
the President. That's how we envision the process right now

But basically, that's how we see it. And the Secretary wl
do what he wants to do. | nean, whatever he wants, we're
going to give him So if he wants briefings, sunmaries--

COHON:  Yes, | understand that. And that's why |I'm so
keen on this issue of how uncertainty is communi cated. Have

you t hought about how that will be conmunicated to the
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Secretary?

KING W have in our current planning basis a docunent
we call a summary of the basis for reconmendati on, and we
envision this being a Secretarial size docunent, i.e. 10 to
15 pages, that would summarize what's in the science and
engi neering report, the suppl ement science and perfornmance
anal yses, the key argunents in the repository safety
strategy. It certainly would have to touch on uncertainties

and the neaning of those uncertainties. So we recognize we

have to boil this down for review by the decision nmakers at
the Secretary's level. So that's the current plan, and we
will take a shot at doing that.

Your second question about the inpact of additional
wor k, we envision the bulk of the technical basis that the
Secretary will consider will be conpleted by the suppl enent al
sci ence and performance analysis this sumer. However, as
Steve pointed out, our work isn't going to stop, but we have
procedures in place that call for inpact anal yses of new
information. So when new work is conpl eted post-sunmer, but
before the Secretarial decision, on an ongoing basis, we wll
be doi ng i npact anal yses of that work. And if anything does
conme up that has a significant, or looks like it could have a
significant inpact, then we would have to take appropriate
action, incorporate that into the decision materials that the

Secretary is considering.
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Now, exactly how we will docunent that additional
work and make it available to the public, that hasn't been
decided yet. But we definitely will be doing the inpact
anal yses.

CHRI STENSEN: W have questions fromPriscilla Nel son,
and then Dan Bullen, and then Debra Knopnan.
NELSON: Nel son, Board.

My question relates to the concern about an
appear ance of nmaybe sone departnentalization of these four
i ssues that the Board put forth, and |I'm wondering about--in
particular, let ne ask about two areas. One is dealing with
this process of looking at flexibility. And it doesn't seem
like there's an explicit way of actually seeking that
f eedback from what has been learned into the data
prioritization. So I'minterested in that feedback, and |
i magi ne the project has it, but it's not apparent in what
we' ve heard thus far today.

And, second, what | was wondering about was maybe a
hi gher order issue that processes these different areas. For
exanple, there's a |lot of discussion about corrosion and
corrosion rates, but I"mconstantly trying to understand what
the project's conception is for the evolution of the drift
environment with and wi thout waste packages, outside and
i nside, and what the environnment is going to do underneath

the drip shields. Can you give ne any input or tell nme if
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sonmeone today is going to be addressing those?

KING Yes. Your second question, | think it's best to
wait until Bill Boyle's talk, because he does go into exactly
that, what is the evolution of the in-drift environment. The
first question, feedback, we actually have a formal procedure
called AP 3.14Q which we use to transfer information from
one organi zation that another organization needs. And in
this case, Bob Andrews' organization, Science and Anal yses,
woul d make a specific request to Larry Trautner's
organi zation, Design, that we need this information to run
our next generation of PA nodels, and then Larry's
organi zation formally transmts that, and it includes
mechani snms to keep track of what that information was that
was transmtted, and updating it if it changes.

| don't know, Bob or Larry, do you want to add
anyt hing, or, Rob, do you want to add sonething to that, how
t hat feedback | oop works?

HOMRD: This is Rob Howard, Integration Manager for

Sci ence and Anal ysi s.

The first part of that question as far as the
f eedback | oops go, as we're devel oping these anal yses and
| ooking at the results, you know, we have an opportunity in
t he next couple nmonths to incorporate also into our planning
process for next year any new type of scientific

i nvestigation or data needs that we need to get to address
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some of these issues that we di scover through the eval uation
of the different thermal operating nodes.

So that's kind of what | wanted to add to that.

The procedural nechanismis kind of the nechanical part of
that, but we do use our noggins a little bit when we go into
t he pl anning process, based on what it is we learn fromthese
calculations that we're doing right now And that will occur
in the sumerti ne.

The ot her opportunity that you'll get to hear about
evolution of the in-drift environment is when Bob MacKi nnon
answers the second and third questions on the engi neered
barrier systemthis afternoon, along with what Bill Boyle
t al ks about seepage. W also have weekly Integration
meetings with the design shop to nake sure that we're
comuni cati ng, we understand what they need for design and
t hey understand what we need for our postclosure anal yses.

CHRI STENSEN:  Bul I en, and then Debra, and relatively
brief.
BULLEN: Bul |l en, Board.

A coupl e of quick questions. Could you go to Slide
5, please? You'll notice that you did one quick dodge here,
because you have a caveat under the eval uation and conpari son
of the base-case design with a | owtenperature design, which
says you're going to address this by evaluating that single

fl exi bl e design.
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| guess the key question that | have is that if the
goal were to--or one of the goals were to design a cooler
repository, is this current flexible design the one that the
program or maybe you woul d choose? O what woul d you choose?
And if it is, tell us why, and if it's not, how would you
change it?

KING |Is this a trick question?

BULLEN: No. You may want to defer to Larry Trautner
later. But | guess the key here is that it | ooks as though
you're evaluating a single design, as you are.

KING Yes.

BULLEN: And how woul d you change it if you really
wanted to design a | owtenperature design?

KING Well, | think I will defer that to Larry. 1'Il
j ust make one introductory coment. W are at a conceptual
design stage at this nonent. W wouldn't choose, certainly
woul d prefer not to have to choose even the high-tenperature
design at this point, because the design details remain to
evolve. But | really think Larry should probably address
t hat .

BULLEN:. Ckay, we can defer that to later, and I'Ill ask
t he question agai n.

| guess the one other question | have that's al so
short, M. Chairman, is that we see TSPA-SR Rev 00, and then

the changes that are going to be made to it. But in Steve's
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docunent when you see TSPA-SR, will there be a Rev 01, so
that we can see how it changed, so that you can see a

conpari son between Rev 00 and Rev 01 in the TSPA cal cul ati ons
when you make the decision? | know that doesn't go into the
bl ack box that goes to the Secretary, but it seens to be a
strong supporting leg to that.

KING There's not going to be a Rev 01 per se, but
there will be an updated TSPA nodel that will be docunented
in the supplenmentary science and performance anal yses.

BULLEN: Okay.

KING So you will see the updated nodel and its

docunent ati on

BULLEN: Which will easily be docunented so that we can
see what changes were nmade, how it evolved? | guess what |
want to know is how it changes, so we can see the conpari son.

KING Yes, it wll be.

BULLEN: Thank you.

CHRI STENSEN:  Debr a?

KNOPMAN:  Knopman, Board.

| hate to be the person bl ocking the break. Let ne

ask these questions real fast. Followng up on Dr. Cohon's
guestion, what do you tell a nenber of the public who wants a
good overvi ew of the Departnent’'s technical case for
suitability during this comrent period before its going to

the Secretary? Wiere are you going to direct that interested
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menber of the public? It may be a Congressional staff
menber, may be--well, it could be any nunber of people.
What's the docunent? | nean, you' ve got five different
things out there, all with executive summaries. Wat is the
key integrating docunent available to the public that you
wi |l have?

KING In this time period, | guess | would have to
point themto the executive summary in the science and
engi neering report, and the executive summary we'll be
preparing for the prelimnary site suitability eval uation.
t hi nk those are the two docunents that would conme cl osest to

perform ng that function.

KNOPMAN:  Ckay. And then quickly--

KING W had an overview, but it nmet an untinely
dem se

KNOPMAN:  Yes, we know about that. Just quickly, the
Board doesn't get into budget issues, and I'mnot trying to

do that with this question, but in the work plan, the revised
work plan that you' ve just outlined for us, can you give us a
rough i dea of sort of the percentage of total FY 2001 work
this represents, or total anmount of sort of the part of the
budget? You've just fiddled with 50 per cent of your
remai ni ng budget, or is this 5 per cent?

KING |It's probably closer to 50

KNOPMAN:  I'mjust trying to get a sense of the |evel
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KING Lake is saying even higher.
KNOPMAN:  Hi gher than 50? Lower than 1007?
HESS: Ken Hess, President and General Manager of BSC.

Let nme give you a brief summary of what we did with
this re-forecast.

First of all, we needed a firmbasis as to what
wor k needed to be done, and we did that through revision of
schedul es and manl oadi ng those work schedules. Wth our
current organization, it's totally different than the
previ ous contractor. The manager of project was a key to
i dentifying what budget was required to satisfy the technical
i ssues that we had to address for site recommendation, also
to | ook at what work was being done for the license
application, and what could we delay so that we could put
that noney toward the site recommendati on

One of the tasks that | had was to | ook at the
entire project and see where did we have funds that we could
redivert to three key areas. One of those key areas was the
QA resources that we needed; secondly, the technica
resources that we needed; and, third, to support sone work

that | thought needed to be done at the job site.

Wiere we found that noney basically was a nunber of
areas. First of all, DOE was able to get rel eased sone
addi tional noney that the Secretary had to request from

Congress. That was about $10 million. DOE had perforned a
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ot of work on the transition programfor the project. W
underran the transition by over a mllion dollars. DOCE also
all owed us to use sonme prograns that we had avail able on

ot her Bechtel projects. That saved us another half a mllion
dollars. And then lastly, we also found noney in the
repricing of our contract structure versus the previous
contract structure of about $10 million.

So, bottomline, what | needed was about $10 to $20
mllion. 1In fact, it was about $20 mllion that we needed to
redirect to the project area, and $3 million in the QA area
and about $2 mllion in the field area. W were able to
acconplish that through additional noney that the Secretary
got of $10 million. W had fee reductions and repricing that
we did because of our contract structure of about $10
mllion, and then rediverting sone of the other work
necessary for |license application to next year.

The other thing that we | ooked at hard was the work
necessary for SR, did it all have to be conpleted before SR
or inthis fiscal year. And we did nove out, based on the
avai lability of resources, sone of that work. That also
allowed us to get down to what we had to do in order to
conply with this year's funding. That's basically what we
di d.

CHRI STENSEN:  Thank you. And thank you, Jerry.

W will take a ten minute break, and reassenble
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here at 10 o' cl ock.

(Whereupon, a brief recess was taken.)

CHRI STENSEN:  Qur next presentation wll be the first of

a series today that will respond to questions that the Board
has prepared. Let nme read this question, and the presenter
will be Larry Trautner, who is Project Manager for Repository
Design with Bechtel

It appears that the Yucca Muntain Project intends
to eval uate and conpare the base-case repository design with
a lowtenperature design by developing a "fl exible" design
that will then be evaluated for hot and cold operating
conditions. What exactly does "flexible" nmean in this
context? What characteristics does the DOE use to determ ne

flexibility? 1|s the current base-case design flexible? If

so, explain why. [If not, explain what would need to be
changed. How nuch may a design be changed and still be
consi dered the sane design?

So, with those questions, Larry, we |ook forward to

your presentation.

TRAUTNER: Thank you, Nor man.
As norman indicated, I'mLarry Trautner. |'mthe
Repository Design Manager for Bechtel SAIC. 1've been asked
to give the design update today, and to focus on that

speci fic set of questions.

Let me first apol ogize for ny tone of voice. M
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si nuses have not enjoyed spring in the desert, and they're
rebelling on ne a little bit. So if you can't understand
sonet hing |I' m saying, please ask for a clarification.

"1l talk first about the need for flexibility in a
general sense, then go into nore specific questions, and
again dwelling mainly on the first one that we're tal king
about, flexibility. 1'Il briefly talk about some engineering
anal ysis that have been ongoing to support that effort, as
wel | as what's next, and have a w ap-up concl usion.

The first thing we need to do obviously is
establish a need for flexibility. And in a project like this
that's science driven or science based, a key factor of the
design has to be the ability to handle or to acconmopdate

additional information that's generated.

This is a simlar elenent in some ways to ot her
first of a kind commercial projects or other science based
driven projects where the custonmer or the owner, even after
the feasibility of that new or unique process is proven, they
still want to continue optimzation. They still want to
continue to work on that key process to design it to optim ze

the ability, the performance. So that optim zation continues

and ongoes after the decision is nmade to even inplenent it.

In parallel with that, the customer will also want
to develop a design. They'Il want to have a design for
reasons of, well, licensing, regulatory requirenments, usually
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the permt. The regulators will want to see nore details in
t he design, and the design of other things, not just the key
process. The customer or owner also is |ooking for
additional cost information in terns of life cycle costing.
And a lot of times there's a schedule driver in that. So in
that respect, this project is simlar to others.

And so in one case, you have ongoing testing,
nodel i ng and devel opnent, and in the other case, you have
design that needs to be advanced to sone extent. So there's
a parallel nature of the two efforts, and it's interactive,
it's an iterative nature, and | think there were sone
guestions earlier that Priscilla had about that feedback. W
are currently having weekly neetings, and we have a forma
process that exchanges the information across, nenos and
t hi ngs, but we routinely interact on that to make sure that
the iteration is occurring.

So, the bottomline is that there is an absolute
need. | can assure you this is nmy fourth major science
driven project where |I've been in a managenent role, and |
can assure you that there will be new information com ng out
of testing and devel opnent that we'll have to be able to
acconmodat e.

Now, there are other areas that require flexibility
besides thermal. ['mgoing to focus today just on therma

because that is where the nature of the four questions were
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internms of the flexibility as it relates to thermal, the
thermal operation. | can conclude that the repository design
needs to be able to operate, the design that we produce needs
to be able to operate under a range of thermal conditions.

So as | focus in on flexibility of rates of thernal
operating nodes, what we nean in this context by flexibility,
the first question is that flexibility in this context is the
ability to control the thermal input into the host rock and
the EBS systens, engineered barrier systens, the ability to
control that thermal input into the rock, into the nountain.

How do we control that? By two sets of paraneters;
a set of design paraneters, and a set of operating
paraneters. Design paranmeters, of course, are flexibility.
They can be changed. The design paranmeter of a five and a
hal f neter dianeter drift, that's a design paraneter. That
can be changed during the design. Operating paraneters,
however, can be changed and are vari abl e t hroughout the
operations of the plant.

Let me get into nore specifics on it in the next
vi ewgraph. Here now we're controlling the repository with
t hese paraneters. Wien I'mreferring to the design
paraneters, |I'musing the termvery broadly to include both
design requirenents, as well as design solution. So design
paranmeters here would include things like the drift dianeter,

five and a half meters, the drift spacing, we'd show you'd
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keep that drift spacing during the SR phase at 81 neters.
And, of course, when you conbine the dianeters and the
spacing with other variables, you end up with a |ayout
configuration.
O her design paraneters. The waste package and
drip shield designs are obviously key design paraneters.
They relate not as directly to thermal as some of the other
paranmeters, but there is obviously inpact on the drip shield.
The amount of waste we're handling, 70,000 netric tons,
obviously that affects the thermal input into the host rock.
So that's a requirenment, even though it still is--well, I'm
going to define it here as a paraneter--as well as the
recei pt and enpl acenent rates.

Anot her design paraneter is the ventilation system
and by that | mean the dianeter of the intake shafts and
exhaust shafts, the exhaust mmins, the fan configuration,
we're going to have two | arge fans on each exhaust shaft, you
know, for backup, and so on. That's what | consider design
par aneters.

Now, there's operational paraneters, and I'l| use
ventilation as an exanpl e here because it's on both sides of
that fence. The operator of the facility, of the repository,
will have the flexibility to operate and to ventilate at
different rates. It doesn't necessarily have to be at a

given fixed rate, because you' ve got different pressure drops
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inthe different drifts. So if it's a constant, he has to
run nore air through by adjusting the pressure drop across
the danpers. So the operator has to have flexibility in his
operations froma rate perspective.

From a duration perspective, obviously, they can
operate those fans after closure for five years or fifty
years or a hundred years, the only difference being is that
mai nt enance and obvi ously repl acenent, periodic replacenent
of fans. But | consider that an operational paraneter in the
end. And, again, when you | ook at other operational
paranmeters, there's the waste package spaci ng.

There's several elenents that relate to | guess you
m ght say the aerial mass | oading. There's the heat |oad per
unit of volune. That's covered by variables |ike waste
package spaci ng, heat output per waste package. You can
control that by blending the different tenperatures. You
know, sone el enents are hotter than others, so you can blend
those, and the current design has that capability to bl end
and control it, so you can control the heat output per
package.

You can de-rate the packages, nake themsnmaller if
you like, or put less fuel elenents in each package. You can
al so | ook at the sequence of enplacenent. And by that, I
mean if you put in a commercial high-level waste canister,

and the next one could be a high-level waste defense
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cani ster, the canisters are glass, the next one could be a
Navy spent fuel. You have sonme control over that nass
| oadi ng.

So in the operations area, there's really two main
variables. One is the heat you renove, and you do that
t hrough ventilation, and controlling that ventilation, and
the other main paraneter is the aerial mass |oading, and you
control that by these paraneters that are defined here.

Now, the bridge between design and operati onal

paraneters is that engineering will establish both.
Engineering will establish the design paraneters, but wll
al so establish a range for the operating paraneters. W cal
that in the engineering world technical specs, operational
tech. specs, we call them And that's true in nost of the
nucl ear business. W w | define, for instance, the
ventilation rate, what the m ninuns and maxi nuns woul d have
to be through a drift. W wll define waste package spacing,
probably a m ni nrum spaci ng and a maxi num spaci ng. And so we
wi |l define ranges for operations, but operations as we see
it will be given the flexibility to operate the repository
over a range of thermal conditions.

Essentially what we're saying is these design
paraneters, when conbined with the operational paraneters
|"ve defined here, really will end up, or may result in a

different utilization of the layout configuration. The
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current |ayout configuration has about 148 kil oneters of
drift length init. That's using the upper and | ower bl ocks
bot h, including the southern extension and the upper bl ock,
and that's, again, at 81 neter spacing. |If we were to change
that 81 neter spacing, and we may | ook at that subsequent to
the SR, we could theoretically have nore |inear drift
avai | abl e.

So the next viewgraph really kind of in picture
denonstrates this. If you |ook at the current repository
| ayout in the center here, which has, again, the primry
bl ock with the southern extension and the | ower block, that
represents 148 kil oneters, or about 2,900 acres of avail able
space for the operations to utili ze.

I f you look at then the different kinds of
operating nodes, if you | ook at the upper right-hand corner,
this represents essentially the acreage, for lack of a better
term that would be utilized in what was the base-case
analysis up to last fall, which was the one-tenth of a neter
wast e package spacing, and operating the--50 per cent bel ow
boiling. Wth that kind of design paraneters and operati onal
paranmeters, you would essential occupy or utilize the space
that's highlighted in that upper right-hand corner.

Meanwhi | e, on | ower tenperature operating nodes,
and |'ve just shown three scenarios here as exanples, using

that representative |lower end one that Paul tal ked about in
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his presentation at Amargosa Valley, Scenario One, you' d use
essentially the primary bl ock, including the southern
extension. And that potential space utilization would also
work for aging, the scenario we | ooked at for aging. And,
again, that would be ventilating for a shorter period of tine
and aging, as opposed to two nmeter spacing and a | onger
ventilation period.

If we | ook at just de-rating the packages al one,
you woul d see that we use even nore space, and of course with
the six neter waste package spacing, which is another | ower
end thermal operating node option, you would use nore of the
real estate, as | call it. So with this kind of a concept,

t he whol e range of | ower end operating nodes can be
acconmodat ed.

This is a graphic exanple of the sanme material.

And, again, this is in the engineering analysis that we're
finalizing and is being checked right now, and soon will be
conpl eted. But, again, we've done a whole set of paranetric
evaluations like this to | ook at space utilization, and this
one just takes waste package spacing conpared to |inear |oad
in the drift, and again it fixes ventilation rates and it
fixes the--this is using 26 year age fuel and those sort of

t hings, so there's several things that are made constant here
because there's so many variables, and if you | ook at the one

at 1 kilowatt per neter and about a 2 nmeter spacing on the



© 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

83

wast e packages, you end up at a certain point on this curve.
And this, again, is a whole set of paranetrics that are in
t he engi neering anal ysi s.

| f you drop down to the |line that says 70, 000
metric tons, you see that you use about 82 kil oneters of
drift length to accommpdate that. |If you would increase the
wast e package spacing or decrease the linear loads in the
drifts, again, you d use nore of your repository layout. In
this case, you see the primary bl ock, or the upper block, the
| oner bl ock expansion limts, and then of course you go
beyond it, and there is space beyond the upper and | ower
bl ocks that could be utilized in the currently characterized
area also. So this is just one exanple, and again, there's a
whol e set of these in the engineering analysis that
denonstrate the flexibility of this one design over severa
oper ati ng nodes.

So essentially what |I'm saying here, | guess that's
the first question, what do we nean by flexibility. The
second question that was asked by the board is what
characteristics does DOE consider in determning flexibility.

And, again, essentially they're the same two issues as the
desi gn paraneters, which again can vary during the design
phase, but a set had been selected for the SR but they're
not fixed and those will continue to be reevaluated as the

desi gn evol ves.
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And there's the operating paraneters, which of
course will be flexible throughout the operating period.
Those will be avail able and those will be variables that w ]l
be defined all the way through operations, again, within the
[imts defined by engineering. They won't be unlimted, of
cour se.

The next question is is a base-case design
flexible? And, again, we're saying yes. W're saying yes
agai n because this base-case design can be operated both for
the high end and the low end in controlled tenperature and
hum dity in the repository environnent.

The program continues to anal yze those froma
desi gn, construction and performance, from an operations
per spective by continuing those anal yses, but up to this
point, all the results confirmthe feasibility of this
| ayout, feasibility of this concept. So, again, the
engi neering anal ysis should be finished in the next nonth or
so to finalize this, but as far as we can tell, every
indication is is that this approach and concept worKks.

The | ast question was how much nmay a design be
changed and still be considered the sane design. And |
wasn't sure if this was a trick question or what, because
there's several different ways to answer this. Wat | chose
to answer here is froma very broad, maybe a top | evel DOE

perspective. Fromthat perspective, the present design is
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essentially a set of large, long-lived waste packages that
are horizontally enplaced in the drifts.

There's other parameters, such as the inverts, drip
shields, there's other paraneters that go with that, but I
mean, in concept, that's a design that we now have. And then
our approach toward operating over this thermal range, we
don't vary those parameters. | nean, we're varying the
spaci ng, but we're not varying that basic concept. So we're
not changi ng the design per se.

Utimately, froma regulatory perspective, this is
nore witten froman NRC perspective, but once the design
paraneters are selected and finalized and |icensed, any
changes to those paraneters, which would have to be an
anmendnent to the license application, would certainly be
consi dered a design change.

Now, from an engi neeri ng manager's perspective, we
have a design control programthat manages desi gn change at a
much | ower |evel, but | mean those |ower |evels don't
necessarily affect performance, if we're changi ng anchor bolt
| ocations or, you know, those kinds of things. But this is
the kind of level that we think you re addressing or
interested in when you asked the question.

Let me just briefly go on fromthose four questions
now and tal k about the engineering analysis that's currently

ongoing, and it's being checked right now. It's essentially
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conplete. And in this engineering analysis, as Jerry
Mentioned, we're analyzing a representative, not an

optim zed, but a representative |ayout, which was that
Scenario One that Paul highlighted in January, which was the
2 meter spacing and 50 years of forced ventilation and 250
years of natural ventilation

And why did we pick that particular scenario?

Well, froman engineering perspective, it opened a new issue,
whi ch was natural ventilation. W wanted to verify that
natural ventilation would work, and so we wanted to eval uate
t hat el enent of the |ower end thermal operating node.

We also at the 2 neter spacing and this conbination
were able to use less real estate, so to speak, than sone of
t he other | ower end nodes. So, you know, it represents what
we considered a reasonabl e design approach toward that. But,
again, it was kind of, I don't want to say arbitrary, but we
wanted to select and verify at |east one | ower end operating
node, why did we do this, and the purpose of it was to verify
we coul d design, we could construct, and could operate a
| ower end operating nmode with this design approach.

And the results verified that we can design and
operate this design. W can design and construct and operate
this particular set of paraneters in the |ower end operating
node. So that was one of the key elenents of the design

anal ysi s.
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Al so, we went beyond that and said, okay, in
addition to this one design that we're saying you can
construct it, | know Leon has asked questions in the past
about constructibility, you could construct it, in addition,
we | ooked at evaluating a representative | ower end designs,
did sonme paranetric analysis of what those inpacts woul d be
of varying sone of those operating paraneters. And | showed
you one of the charts earlier was a sinplification of one of
t hose charts in the actual report. But we |ooked at varying
wast e package spacing, which is what | showed on that chart.

We | ooked at varying and de-rating the packages, making them
smaller. W also | ooked at varying the ventilation rate, the

durati on and the nethod.

So, again, | nmention we |ooked at natural
ventilation and confirnmed that yes, that would work. If you
want to shut the fans off at sonme tinme in the future, natura

ventilation would continue to cool the repository and keep it
wi thin the design paraneters, the key design paraneter here
bei ng 85 degrees Centigrade waste package tenperature.

We al so did sone paranetric eval uati on of sone of
t he design paraneters, again to show that these are not
fixed. W |looked at the 81 neters and what inpact that m ght
have, and of course you don't have to be a rocket scientist
to figure out that by reducing the drift spacings, you end up

reduci ng the acreage you're using. You just result in |onger
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forced ventilation. So we |ooked at the paranmeters as you
vari ed them and turned the knob, as we say, on ventilation
versus the aerial |oading, the aerial mass | oading of the
waste. So we | ooked at sone of those again froma design
perspective whether it's constructible or not.

We al so | ooked at expansion capability within the
characterized area. Even beyond 148 kil oneters of I|ineal
drift, there's additional area in the characterized base
where we could put additional drifts. So, you know, we found
if we had to, we could possibly expand it beyond that. So we
found that by and |l arge, there were a | ot of options
avai l abl e for nmeeting the | ower end thermal operating node.

What's next? We'll continue to anal yze these
operating nodes, these paraneters, over the thermal operating
range. Jerry nentioned that we're review ng the design
requirenents to see if any changes need to be nmade in the
requi renents docunentation, requirenments that may be
prohibiting the | ower end operating node. And Jerry
nmenti oned one of those, and we're | ooking at de-coupling.
These are just a couple of exanples of things we're
eval uati ng.

And, of course, we're going to review and update
t he baseline to all ow expandi ng the operating nodes, the
expansi on concept with operating nodes.

In conclusion, there's two things that | think we
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can draw fromall this. One is that we have selected a set
of design and operating paraneters for the purposes of
perform ng our site recommendati on anal yses. These are not
finalized, but we've selected themjust so we could perform
t he engi neering and the perfornmance anal yses during this
phase. And our results to date show that we can, with this
set of design and operating paraneters, we can operate either
at the high end thermal operating node or at the | ow end

t hermal operating node.

A second conclusion is that these anal yses that are
ongoing are laying a solid foundation that will allow us,
during the next phase of the project if the site is approved,
to converge on those set of paraneters and finalize it. In
anal yzi ng, we've proven that both in the high end and | ow
end, a representative concept would work. Now we need to
| ook at how we optim ze and sel ect the actual paraneters for

the prelimnary and advanced desi gns.

Wth that, questions? Dan, you had deferred one
earlier.
CHRI STENSEN: Dan, would you |ike to begin.
BULLEN: Bul | en, Board.
Actually, this is maybe a precursor to that
guestion, which is going to be the one I"'mgoing to ask. |

| ook at the operating nodes that you' ve identified, and we're

essentially | ooking at an above boiling versus bel ow boiling



© 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

90

design, and you're trying to make the case that we have a

fl exi bl e enough design to do both. But froma licensing
perspective, 1'd look at this maybe from an engi neering
perspective better yet. | have a nuclear reactor that | want
to run, and | have a boiling water reactor that | know how to
run, and so the question is can | operate a boiling water
reactor like a pressurized water reactor w thout a two-phase
fl ow change. The answer is probably yes. But is it the
right design to do that? And I think no, because |I'd have a

separate loop to do the heat transfer.

So, along those lines, | want to ask the sane
guestion. If you were going to design a |owtenperature
repository, would the base-case design, or the flexible

design that you have, be the one that you'd pick?

TRAUTNER: |If | had to nake a decision today and there
was no further advancenent, that woul d be one of the options
that we'd probably pick. But we're not optimzing the design
at this stage. W are at the stage now where we are just in
t he conceptual phases and we haven't finalized that. | don't
think this is exactly a boiling water reactor and a
pressuri zed water reactor conparison, because | think what
we're tal king about here is to design a repository, a fuel
handl i ng system and we're placing this waste into a
repository, and so | think it's nore like |ooking at a

boiling water reactor, and do you operate at 1100 negawatts
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or do you operate it at 700 or 800 negawatts. And | think
that's the kind of variation we're tal king about in the sense
that not can the operators turn to control the pressure or
control the tenperature of that boiling water reactor, so
that you get the opti num operati on and not necessarily, you
know, a totally different design of one versus the other.

BULLEN: Bul | en Board.

| understand that, and | probably used a bad

exanple. But what | wanted to state was that there's a
fundanmental concept here that either we're changi ng phases or
we' re not changi ng phases of the liquid. Gkay? And so |
guess what |I'mlooking for is you' ve got a set drift spacing,
81 neters, you' ve got a set waste package size, which is big
and heavy and full and hot, and so those are the limts that

haven't changed. Even though you say you can change them

| ater, those are the limts that haven't changed with this
desi gn.

So, essentially, in your analysis, you' re al nost
stuck with the hot design that you're trying to make operate

cold. 1Is that not correct?
TRAUTNER: | don't see it that way at all. No, |I've got
one design and | can--we can operate that design either hot

or cold.
BULLEN: Okay.
TRAUTNER: And the Performance fol ks are going to
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anal yze both hot and col d.

BULLEN: That's fine. A couple of quick follow on
guestions. Wen you anal yze the hot versus cold design, do
you consider the effect of change in footprint between the
operating nodes? | mean, you're looking at the criteria for
performance. Do you | ook at the change in footprint as it
i npacts performance?

TRAUTNER: The change in footprint as it inpacts
per f or mance?

BULLEN: If you go back to the figure that showed all
t hose footprints, which is on the slide of what, Figure 5 or
7? Figure 7. | have to nmake sone selection that's based on
how it performs. So is there a trade-off with respect to
footprint size and total perfornmance?

TRAUTNER: Rob, do you want to address that one?

HOMRD: Yes. Rob Howard, BSC, Integration Manager for
Sci ence and Anal ysi s.

The postcl osure anal yses that we're doing for the
t hermal operating node, the first round of those that's going
to be docunented in the SSPA, we are not changing the
footprint when we do the calculations to total dose. There
is information that's going to be docunented in those
anal yses that tal k about the inplications of the |arger
footprint with respect to UZ flow and transport.

BULLEN: Ckay. Bullen, Board.
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Rob, don't go away. This is a real quick question
and then 1'Il be done and I1'Il give it back to the Chair.

Wth respect to the analysis that you have on these
figures, it looks like you re extending the footprint a |ong
way north into the high hydraulic gradient. D d you analyze
the effect of the high hydraulic gradient on that? And I
guess the followon question is where is the exhaust main
now, since with a 120 neter rise in the water table, with the
pluvial conditions, is it going to be underwater, or are youi
going to have it above, or what's the status with that high
hydraul i c gradi ent in your anal yses?

HOMRD: So you're tal king about coupling the effects of
the long-termclimte change in the anal yses.

BULLEN: Actually, I'minterested in howis it going to
perforn? You' ve got a new design here. |It's sonething that
| ooks a little farther north than we've ever seen.

HOMRD: Yes, it is alittle bit further north, and we
are closer to what we believe is a steep hydraulic gradient.

We're not explicitly calculating in the postclosure
performance assessnent the effects of that |arge hydraulic
gradient. W are analyzing it with respect to space
requi renents and whether or not we will actually flood either
t he enplacenment drifts or the perineter drifts, and we don't
have that analysis finished yet.

BULLEN: Ckay, | guess the followon questionis if it's
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a hot design and you're that far north, are you going to be
nmobi | i zing water fromthe water table when the water table
conmes up? | nmean, you're getting pretty close to the
repository with pretty warmstuff; right?

HOMRD: Well, yeah. | nean, a potential water table
rise would come, in all likelihood, a very long tinme after
the large thermal pulse fromthe hot repository design. So
you woul d be basically in cooler conditions at that point.

BULLEN: | thought it was only 600 years. | nean, the
first potential water table rise is going to be after 600

years when you go fromthe dry to the |ong-term average kind

of tinme franmes, isn't it? O nonsoonal flow |'msorry.
Monsoonal region. So 600 years is still within the 2,000,
3,000 year thermal pulse. You' re going to have the potenti al

to nove sone water; right?
HOMRD: | don't think that we'll be el evating water

tables that high in the first 600 years.

BULLEN: But they will be noving, and you're going to be
getting closer; right? So have you done an analysis, | guess
is the question?

HOMRD: The answer is no.

BULLEN: Thank you.

TRAUTNER: | can add to that, though. W have anal yzed
that hydraulic, the rise, and it will not inpact the northern

extension. But if we've flexible enough in this [ayout we
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don't need all this space, we can bring this back into where
it was before and nove it away fromthat hydraulic gradient
if that's needed. R ght now, our assessnent says that it's
not going to inpact the performance. But if Perfornmance
cones back and says that that will inpact that in the | ong-
term we can nove away fromit. W've got a |lot of space out
there. W don't have to go there if it's a problemwth
per f or mance.

BULLEN: It might be a worthwhile analysis to at | east

make sure you' ve done that.

TRAUTNER: And, again, that would be part of the
convergence, | would think, after we get into the detail ed
design, we'll | ook at those kinds of issues nore fully.

BULLEN: Ckay. |'mdone, M. Chairnman.

CHRI STENSEN: Ri chard Pari zek?

PARI ZEK:  Pari zek, Board.

Sort of along the sanme |lines. That northern
extension is in the wetter area of Yucca Muntain, | guess,
froman infiltration point of view So right away, in that

sense, it may be quite inportant to run that analysis, not
only a shorter distance to the saturated zone, steeper
gradients, there's a lot of factors that would come into
seei ng whet her that design is going to be stable or not, and
one just being the higher infiltration rate. So it seens to

me even if you went west, again, you have data to support
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shifting in that direction, because it's flexible, you ve got
to see what the consequence of picking another alternative is
in ternms of perfornmance.

TRAUTNER: Wel |, absolutely. You know, that was just an
engi neering kind of optimzation. The guy wanted to get al
one level, and we can easily change this. W've got room at
the lower level. W've got different ways of novi ng away
fromthat gradient. W will analyze that in detail. This is
a conceptual design basis, and when we get into nore detailed
design, we'll make sure we avoid things like that. And that
was one of the parameters we | ooked at, is there nore--and |
don't have the chart here. | guess | could put it up. But
there's a lot nore expansive area in this regi ne where we
could go southern, or different areas. So it's not that we
had to have that northern extension.

PARI ZEK: Each direction you shift in has a geol ogi cal
and hydrol ogical inplication to transport and performnce.
And so froma performance point of view, soneone would have
to then run through that analysis to say did it nake any
di fference, beneficially or harnful.

TRAUTNER: Absolutely. And that's why performance woul d
be hand in hand with the performance.

CHRI STENSEN:  Debra Knopman?

KNOPMAN: | want to go to the question of what is

flexibility here, and what do you have flexibility for? Now,
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you' ve discussed it in the context of the thermal regine.
But what are the underlying objectives that you' re actually
being flexible for? |Is performance sinply the end point dose
20 kil ometers away, or are there a set of criteria that
you're looking at that will tell you, you know, when you need
to exercise the flexibility? There's inplied in what you' ve
said, but you' ve not nade explicit, what your decision rules
are here for exercising the flexibility, or just justifying
why you're trying to design for flexibility.

Now, one possibility is robustness, which is really

a different concept, and you haven't quite tal ked about that,

that is, that you'll have a design that will deal with
uncertainty. It's sort of an all weather design, no matter
what the conditions may be. But | haven't heard you say

that, and | don't know if you're trying to mnimze effects
of uncertainties at the time of construction. Tell us what
your criteria are for determning the exercise of flexibility
in your paraneters, design and operational .

TRAUTNER: Yes, as the design evolves, there will be
several areas we'll look at for flexibility, not just
thermal, | nmean, rock conditions, Priscilla brings this up
periodically, construction, if they end up hitting a pocket
of bad rock, we'll have a design that will allow themto nove
around that or not utilize that. Another elenent is

retrievability. | nmean, retrievability in a way is an
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element of flexibility. W have to be able to retrieve the
waste, and we have to build that into the design

Another area is the ability to have it blend in the
pool. That's in the concept of elenment of flexibility,
because it depends on which order the waste conmes in. If we
get a lot of hot reactor fuel over a short period of tineg,
we' d better blend those with cooler fuel tenperature-wise in
the blending pool. So there's a lot of elenents of
flexibility, and all those will be defined, and it's part of
our risk managenent plan as we go into nore detailed
prelimnary and final designs.

KNOPVAN:  Ckay, it's part of risk managenent. |'mjust
trying to understand what risk you're tal ki ng about here.
Let's tal k about rock properties. You start excavating in an
area and determne that the rock isn't what you had hoped.
What woul d be the tipping point of deciding not to go into an
area? Wiat is it that you' d know from performance assessnment
that would tell you, what, that you' re going to have rock
falls imediately, or what would--1"mtrying to understand
what criteria you're using to exercise flexibility?

TRAUTNER: And that's a very good question. | think the
timng of the question is the issue, because we woul d define
all those criteria as we advance the design. Right now,
we're at the conceptual stages of the design, determ ning

suitability. And when we're tal king about giving
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construction an option or direction on when they should
continue to use that rock or not, or whether they should go
around that rock, those are the kinds of things we'll put
into our detail ed design specifications, construction
speci fications, and operating specifications. |f anybody
el se wants to add anything to that?

BARRETT: Lake Barrett, DOE, maybe | can add a little
bi t.

The overall guiding design principle is to |ook for
the nost certain isolation that we can get, and trade-offs
that go with that. That's really what we're trying to do.
We haven't frozen any design. W're not even close to
optim zing this design. But we have a piece of real estate
that we think is a good piece of real estate. Perfect rea
estate it is not. Okay? So we are trying to do the things
that we can do to maintain flexibility, do the trade-offs on
all of these things that are all conplicated trade-offs of
conpeting good. | nean, you know, there is the two-phase
flow i ssue. Even when you're bel ow 85 degrees, you're still
going to evaporate water.

So, | nean, these things are constantly being
traded off as we get into the design, and we have not
optim zed the design at all. At this stage, we are trying to
devel op the best avail abl e technol ogy for a repository that

is flexible, forgiving, robust, all weather, sonme of those
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t hings, and trying to bal ance that as we devel op, and not
foreclose options in the future. W're very carefully about
not foreclosing options, to try to do the best we can with

t he know edge we have to design a facility to best isolate
this material for a very long tinme, to the best certainty

t hat we can do.

KNOPMAN:  If | could just follow up? This is a really
important point, and it needs to be really clear in public
docunentation as to what the basis is for, one, laying out a
design and, two, building in flexibility. And your answer,
Lake, suggests that uncertainty and uncertainty reduction is
the key pillar of the justification for flexibility. Now, if
that's not right, help nme on understanding what the nultiple
criteria may be for building flexibility into a design.

BARRETT: | would say it's nmuch nore than just the
uncertainty issue. And | think it was in one of your early
Board letters where you asked sort of a rhetorical question
about are you better off with a | ow nean nunber, okay, and
maybe a hi gher uncertainty value, or a higher nmean nunber
and a | ower uncertainty value. GCkay? So there is no "right
and wong." There is no right answer. |It's a bal ance of
these things. What we are trying to do is go for the best
isolation in the future, which may be a | ow nunber, wth a
hi gher uncertainty; or it may be a higher nunber with a | ower

uncertainty. And we're bal ancing these off in various trade-
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offs that we're doing.

For exanple, in the DEI'S suppl enent, you will see,
for exanple with the |arger volunes of excavated dirt, higher
radon doses. That's an up-front dose, higher dose, but
nonet hel ess, for a small dose, versus potential dose nany
mllennia into the future and uncertainties about a zero
dose.

So these are the things that bal ance back and
forth, and there is no crisp, clear line or curve that says
don't do this or don't do that as we develop it. But your
points are very good on this, and | don't think we articulate
this that well, and we're going to certainly work on it.

This is very constructive.

CHRI STENSEN:  Paul Crai g?

CRAIG Yeah, | found this presentation rather
di sturbing, in fact. Looking for one design that seens to be
a wor kabl e design, and indeed the Board has nade statenents
about this. Then later on, after you have one workabl e
design, you can inprove it. That nakes sense. But if you
don't have one workable design, it's not at all clear that
you have a project that one should be enthusiastic about.
And you have a long history of new information com ng al ong,
and then things change.

So now what you seemto be doing, as | heard the

presentation, was to raise flexibility and noving target to a



© 00 N oo o B~ 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 OO M W N B O

102

high art form which neans that it's going to be exceedingly
difficult for sonmeone |looking at this fromthe outside to
figure out what it is that you re tal king about. And you may
be sacrificing so nuch in order to get your flexibility that
t he whol e thing sinply beconmes nysterious and nurky.
Personally, | would like to see one design that you
think is the best, trading off all these different things
that you need to trade off, and you specify how you trade
themoff, and then we can | ook at that and we can say okay, |
can look at it and | can say all right, does this neet ny
requi renents as being scientific defensible or doesn't it?
But with this design, this approach, it just |ooks
exceedingly difficult to do that. And so the inpression that
| came away fromthis presentation with is that you' re going
backwar ds, not forwards.
TRAUTNER:  Well, | think when we're tal ki ng about
desi gn, we have one design. W have selected this design,
and this design is flexible enough to operate over a range of
tenperature conditions. And, | nmean, that's--maybe obviously
| didn't make ny point here, but that was what | was trying
to say. W have a design. |It's a single design, and the
operators will be able to operate that over a range of
conditions. But in the end, performance and reduction of
uncertainty, all these things are going to drive, along with

cost, of course, which options we choose. But we've proven
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that we can design and construct a | ow end node. W' ve
proven, you know, that we can design and construct a high end
operating node, and we haven't optim zed either one of those
particul ar representative designs. They're just in the
spectrum of things, so to speak. They're not one hot and one
cold. It's representative. But it's a single design in the
end.

CHRI STENSEN: Dan Bul | en?

BULLEN:. Bul |l en, Board.

You mentioned that you had this one design. But

was this the design that was anal yzed in TSPA-SR t hat was
rel eased | ast year?

TRAUTNER: | think the answer to that is yes.

HOMRD:. Yeah, what we released in the TSPA-SR Rev. 0
| CN was the analysis of the high tenperature operating node
portion of this design. Wat we're doing nowin the
suppl enental science and performance anal ysis is eval uating
the lower end of the range, and sone space in between.

BULLEN: Ckay. So the high end design from TSPA- SR was

the top figure? Was it that footprint, or was it different.

HOMRD: |'d have to go back and | ook at the actual
dr awi ngs.

BULLEN: But | don't think it was, was it? Because you
said you didn't go that far north

HOMRD: Yeah, |'msure that's not drawn to scal e, but
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it does not look like we were that far north in the anal ysis.

BULLEN:. GCkay. So it's not really the analysis that was
done. |I'msorry, the design is still changing.

HOMRD: Well, | think what we're tal king about is what
drifts we actually load in that footprint, aren't we.

BULLEN: Well, what analysis did you do for TSPA-SR, and
is it that design, was the question.

HOMRD: Ckay. The answer is we analyzed, and I'll have
to go get the specifics of which drifts we | oaded for the
hi gh tenperature operating node, but it's probably the sane
acreage that you would see there, but shifted to the south.

BULLEN: Ckay. One quick followon question, M.
Chai r man.

Coul d you just go to Figure 13? You tal ked about

t he anal yses, current engineering analysis summary. On the
previ ous page, you gave us basically a docunent. Where can
find the analysis of, for exanple, the paranetric eval uation
of operational paranmeter flexibility, the paranetric
eval uati on of design paraneters, and the potential expansion

capabilities? Wiere do | see that?

TRAUTNER: They're in the same docunent.

BULLEN: Sanme docunent? So if | go back to ANL VERVD
50017

TRAUTNER: It's being checked right now in draft form
It will be issued by the end of this nonth.
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BULLEN:. Ckay. So it's comng out? | guess |I'll ask
the Board do we have this? GCkay, thank you.

CHRI STENSEN:  Priscilla Nel son?

NELSON: |'ve been listening to this, and I think a part
of the problemhere is that froma perspective, which |I'm
increasingly finding ny mnd going to, what's presented here
is actually sonething where the flexibility of operation for
a given design is investigated, and | don't feel that the
flexibility of design has been investigated. So maybe that's
a semantics issue, but it seens that many of the paraneters
that you're tal king about, you're not changing a great nunber
of the input paraneters. | nmean, you change the spaci al
array, but not particularly anything el se about the rock or
inputting some variability in rock properties. It seens nore
of an investigation of operational flexibility for a design
than it is a real investigation of flexibility of design in

this mountain, with the accent on operational changes.

Can you comment on that? | nean, why is that
wr ong?
TRAUTNER: That's not wong. | think that's correct.
And |'m not sure what design paraneters you woul d say we

should look at in terns of |ooking at flexible. W're not
trying to say that the--the five and a half neter drift
di aneter, we can change that. That's not fixed. W can nake

it six, we can nmake it seven, we can nmake it five possibly.
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That's not a fixed paraneter. |It's a design paraneter. But
how woul d we change that to significantly inpact thernma
performance? You know, the design, a |lot of these design
paranmeters that we're looking at, as | say, |I've tried to
separate what we consider design. You know, we |ooked up in
Webster's dictionary what design neans, and it's a very
illusive word because it neans a lot of different things to
different people, and it's very, very broad sense.
Everything we're doing in this repository is a design. And
in that sense, yeah, we are changing the design in the sense
that an operating paraneter is part of the design.

From an engi neering perspective, | get alittle
nore detailed and |I' m saying design paraneters are things
like drift dianeters, drift spacing, waste package material s,
how much waste | have to put into the nountain. Those are
things that | have very little--you know, have very little
inmpact in the long term either on | can't change it |ike the
70,000 netric tons | have to deal with, or things like the
wast e package materials, or the drift diameters that don't
have a big inpact on the thermal response of the nountain.
The things that do have the major change and inpact on the
t hermal response of the nountain end up being things |ike
wast e package spacing or ventilation duration rates, flow
rates, and those are, as | say, they're design in the sense

that will define the Iimts, but they're not, you know, the
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things that we have to operate. | can't tell the operators
that they're going to have certain waste. The fuel we're
going to get 15 years fromnow is going to be variable, and |
have to be able to handle that variation through the
operations. The design isn't going to solve that problem

NELSON: Well, I'mtrying to capture the sense of the
Board's wishes to not to only have this design, which has a
range of paraneters associated with the design, exercised to
i nvestigate operational flexibilities, but also to say if
you're really going to make a design or an option, | don't
know what the word is anynore, that really takes advantage or
works to create a best environnment that takes advantage of
| ow tenperatureness of a nountain operation, it probably
woul d not be this particular layout, this particular
configuration. So that's sort of a suspicion, and the idea
to see that suspicion investigated by the project | think is
part of what the Board has been thinking about.

| think that there are questions that relate to how

this flexibility is being investigated, whether it's
operations or design. A lot of it has to do with if the
accent is on uncertainty, then how are the nodels that are
bei ng used capabl e of reflecting changing uncertainties in
operation? How do the nodels reflect |ow versus high
tenperature water novenent, uncertainty about that? And

thermal pulse during tinme, howis that affected? How is the
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changi ng assunpti ons about waste package spacing and rating,
et cetera, changing the understandi ng about the heterogeneity
of the thermal field and of the rock mass field as it varies
t hrough the mountai n? Those kinds of things aren't
necessarily being investigated in the current context, being
pretty nmuch del ayed, | guess, for fine tuning or |ater design
wor K.

But for right now, it seens that a | ot of those
that really deal with nodeling and change in state of fluids
really aren't so much being investigated. And what's
happening here is this design is being investigated for
operational flexibility, rather than a real design
flexibility investigation. That's the perception.

WLLIAVS: Nancy WIIlianms, BSC manager of projects.

As we di scussed when you were out here, Priscilla,
we are going to investigate the design. | amgoing to bring
in an independent team and that's still on the boards.

CHRI STENSEN: Dan Bul | en?

BULLEN: ['mout of tine?

CHRI STENSEN: No, you've got two mnutes. Use them
wi sely.

BULLEN: Bul | en, Board.

Coul d you go to Figure 8, please? Maybe one of the
things that would be illumnating for us is that if we talk

about uncertainty, could you put some error bars on this? |
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mean, what kind of error bars would you have on |inear
thermal | oad versus waste package spacing, or what kind of
error bars would you have on the required | ength of the
repository drifts, or those kinds of things? | nean, these

| ook like they're very definitive lines, and | could pull off
a design because you've done that based on the fact that

you' ve, you know, made drawi ngs and said, well, this is the
nunber that we have. Are there big error bars on that, or
can | actually figure a waste package spacing of 1.98 neters
wor ks this way?

TRAUTNER: | would say that the error bars are fairly
narrow. They're not wi de. Because, you know, the fact is
that the linear, it depends on the program what we're
| ooking at in ternms of the heat transfer within the drift now
we' re tal king about here, as opposed to rock. And we're
tal ki ng about linear |oad per neter, we're not in the host
rock here, we're in the drift and in the waste packages, and
the calculations are fairly--1 nmean, there's error bars
obvi ously, but not high.

BULLEN: Bul | en Board.

| guess you run into the problemw th respect to
you do get tied into rock property paraneters, because you
need to know what the thermal conductivity is and you need to
know what the noisture state of the rock is. And so | guess

what conmes to mind is that the large scale or drift scale
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heater test that you' ve run gave us very good information
but in essence, you m ssed the prediction because you don't
know where about 25 per cent of the power went. And so |
woul d argue that the error bars on this are big.

TRAUTNER: Well, maybe we're not interpreting it
properly.

BULLEN: No, | understand what you're saying, is that |
know how nuch power is com ng out of the waste package.

TRAUTNER: Right, the power--

BULLEN: | know exactly what that neans.

TRAUTNER: Versus the waste package spaci ng.

BULLEN: But where that power goes to keep a tenperature
[imt is indicative of the environnment, not necessarily just
what cones out of the waste package. And if the
envi ronment al paraneters, one, vary, or, two, aren't well

known, then essentially |I've got to have error bars on that.

O herwse, if | don't get the heat out, then |I'm not going
to be on these curves. [I'mgoing to have to have the waste
package spacing be farther apart, or closer together, or one

of the two. And so | guess that's the tie-in there, is I
think there are probably larger error bars than, you know,
the Iines indicate.

TRAUTNER: Yeah. But, again, the idea being that we've
got a lot of real estate here. So if you take this |line and

you say it's plus or mnus 10 per cent, 20 per cent, even 30
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per cent, the nountain has a |ot of capability to handle
t hat .

BULLEN: Thank you, M. Chairnman.

CHRI STENSEN: W have one final question from Staff.
Carl D Bella?

DI BELLA: Yes, Carl D Bella. Thank you.

You and Lake have both nentioned that the designs
are not optimzed, neither high nor low And | would
certainly say anmen to that, particularly for the | ow
tenperature design, because it requires a |lot of ventilation
and it's based on a design that didn't require a | ot of
ventil ation.

Wthin the | ast few days, DCE has rel eased the
total systemlife cycle cost, and there is sone nention of
incremental costs, or costs of the |ower tenperature design

What's the meani ngful ness of a cost estimate of a design
that far fromopti rum and why did you put the costs in there
in the first place when there's no requirenent for it for the
| ow t enperature design?

BARRETT: Barrett, DOCE

The total |ife cycle cost report, before we had
basically, you know, twelve nonths ago, we had basically a
singl e point design which was, you know, the warm hot, you
know, basically the EDA 2 nodified design, because we | ooked

at six different things way back when, nultiple years ago.
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That was the cooler EDA 2 nodel. W now are tal king about a
range. We're |ooking very seriously at a col der design, as
we' ve been discussing. W felt we needed to address that in
the TSLCC report as well.

We are certainly nowhere we have a nunber. W did
not put init's going to cost "X' dollars nore specifically,
so we put the basic assunption, the basic facts are that as
you drive nore tunnels, excavate nore rock, you are going to
have nore cost. |If you don't segnment the drip shields,
you're going to have nore material s.

So in NEPA space, we wanted to evaluate the rent,
and we did all that to 148 kilonmeters, but we didn't want to
put in, well, the cold design, and speculate it would cost
"X'" billion dollars nore on top of the increases we've
already had, so we tried to wite it down as sort of
paranetrics that went along the line, additional titanium
costs so many dollars per pound of titanium additional
excavated rock costs so nuch, et cetera, additiona
ventilation, you know, which is billions of dollars in
ventilation cost, long periods of tinme, et cetera.

So we didn't want to get into specifics, so we
tried to do it paranetrically. W felt that we ought to at
| east acknow edge that there would be potential cost
increases with these designs. There's also performance

increases with the designs, but we're not naking any
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conclusions at this tine.
CHRI STENSEN:  Thank you.

Qur final presentation of the norning wll deal
with nultiple lines of evidence, and the presenter wll be
Abe Van Lui k, who's Senior Policy Advisor for Performance
Assessment at the Yucca Mountain Site Characterization
Ofice.

COHON:  As Abe is getting wired, let me just point out
that if this session ends before 12: 30, substantially before

12: 30, we will have a public coment period until 12:30. But

if it doesn't we'll just have public comment at the end of
t he day.
VAN LU K: This talk is in a series of tal ks and
di scussions that we've had with the Board on this topic. The

Board recommended, and this has been nentioned several tines,
essential elenments of any DOE site recomendati on has certain
conponents. W' re tal king about the fourth conponent only,
devel opment of nmultiple lines of evidence to support the
safety case of the proposed repository.

We had a neeting with the Panel on April 13, just
| ast nonth, where we tal ked about considering various
multiple |ines of evidence, such as alternative anal yses,
natural anal ogs, sinplified calculations, and direct
observati ons.

We di scussed use of nmultiple lines of evidence, we
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bei ng those people who presented at this neeting, sone of
whom were brought in by the Board and not representing our
project, but what was discussed there was nultiple |ines of
evidence to provide a clear and transparent safety case. And
we all acknow edge that total system perfornmance assessnent
is an inportant part of the safety case, but these are other
argunents in addition to performance assessnent.

DCE will use nultiple lines of evidence to show
that scientific work underlying the site recommendation is
conpetent, technically defensible, and that there is a basis
for having confidence in the safety case. That's our goal

We have al ready acknow edged that the scientific
nmethod itself requires consideration of nmultiple |ines of
evi dence in the devel opnent of conceptual nodels from data
and observations. This is the way things are done.

The international comunity, as we've tal ked about
also in this panel session, also recognizes the inportance of
multiple lines of evidence. The International Atom c Energy
Agency, has a technical docunent that speaks to it. The
CECD/ NEA Integration Goup for the Safety Case, of which I'm
the Chairman, and | reported at the Panel neeting, has been
i nvestigating how you go about addressing nultiple |ines of
evidence. And DOE agrees that nultiple lines of evidence
shoul d be part of the docunentation that provides the

technical basis for a site recommendati on.
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Prior to the site recommendati on, however, and this
is kind of a confession statenent here, the DOE addressed, we
felt, but did not enphasize, multiple Iines of evidence in
the scientific and engi neering prograns.

The docunentation was in supporting docunents, such
as the site description and process nodel reports. A |lot of
times the docunentation was inplicit, like if you read very
carefully, you say oh, yeah, this is based on other things,
but it was not explicit. Now we see, because of the Board's

urging on this matter, that we m ssed an opportunity to

hi ghlight a lot of work that was done, and we are now taking
the opportunity to correct what is really an oversi ght on our
part.

So what we are doing now is bringing the
di scussions of nmultiple lines of evidence into the current
docunents in preparation at this tinme, the suppl enental
sci ence and performance anal yses report. W wll have there
di scussions of other lines of evidence sunmarized for major
process nodel s.

In addition to that, later in Novenber, we wl|l
have a synthesis report | ooking at the results of ongoing
anal og studi es.

W will continue after that, this is a good start,
but we will continue after that to provide nore enphasis and

visibility to nultiple lines of evidence. In other words,
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it's kind of a disease that we caught, and now we're enthused
about pursuing it. ldentifying additional |ines of evidence
will be a continuing effort even beyond site
characterization.

As we nove, if there is approval of the site and we
nove forward, as we nove forward, it becones of continuing
inmportance to build a credible safety case, and to, you know,
as the licensing steps are going forward, to nmake that safety

case as strong as possible.

In the SSPA that | nentioned that will be com ng
out this sumer, |I'mjust going to wal k through all of the
subsections where nultiple |ines of evidence are going to be

nmentioned, and in sonme cases are already nentioned.

|"mgoing to tal k about just a couple of exanples,
t he yell ow highlighted ones, just tw exanples, and | don't
want to get into a big technical discussion. | just want to
show the types of things that we're throwing in

I f you |l ook at Chapter 3, this is the listing of
subsections in Chapter 3 where there is a fourth [ evel which
says other lines of evidence, nultiple |lines of evidence,
what ever seens to be appropriate for that nodel

Chapter 4, the sane thing, and I'mtalk a little
bit about what's in the seepage section right now. |If you
| ooked right now, you would see that sone of these have

content, sone of these have a | ot of content, and sone of
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these are TBD still. They're still being witten.

Chapter 5, Chapter 6, 7, 8, 9, 10, 11, 12, 13 we
ski pped, 14.

We talked a little bit about work in nmultiple Iines
of evidence in previous neetings. In fact, what we tal ked
about in the January 2000 Board neeting is anal og studies,
and radionuclide flow and transport studi es at Pefia Bl anca
and other analog sites. And we |ooked at qualitative
verification of nodels for seepage using natural anal ogs,
too. W tal ked about that over a year ago.

In the January 2001 Board neeting, we tal ked about
passive filmstability, and sunmari zed sone of our ongoi ng
studi es of Josephinite. And these are the types of things
that we are now docunenting in the SSPA

| want to tal k about a couple of exanples. These
are yellow highlighted things in the long Iist of sections in
t he SSPA docunent. If we look at lateral flow within the
Pai nt brush Tuff nonwel ded units, if you renenber, Montazer
and Wlson were the first real scientific interpretation of
the flowin the nountain, and they hypothesized that the PTn,
t he nonwel ded units, caused lateral flow, so that downward
flowwi thin the Topopah Spring unit would be smaller than in
the PTn. That was their hypothesis.

Current nodels do not show that. What current

nmodels showis that there is a redistribution of the
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infiltration in the nonwel ded units, but the fluxes in the
PTn and the TSw are not significantly different.

So what is the basis for that? WelIl, the danpening
and lateral flow within the PTn reduces spatial heterogeneity
predicted by the infiltration nodel. W have nade
i ndependent observations and done independent analysis to
support this reinterpretation, this new conceptual nodel

It's based on cal cul ated fluxes within six
bor ehol es, and the appropriateness of the current conceptual
nodel was al so tested agai nst ot her observations and
anal yses. W | ooked at spatial distribution of chloride
concentration secondary mnerals in |lithophysal cavities, for
exanpl e, and we have a chloride-based infiltration map that
i s al nost an i ndependent check on the other infiltration map.

So we feel that here we are doing the job that you suggested
we do, and that is to say what have you done in addition to
the straightforward cal cul ation. These are the types of
t hi ngs that we've done that give us a pretty good feeling
that we're on the right track

Anot her exanple is seepage. The unsaturated zone
fl ow nodel predicts nost water will be diverted around
enpl acenment drifts. W'I|l have very little seepage. The
drifts act like capillary barriers, and we have eval uated
this in part by |ooking at other |ines of evidence.

One thing we | ooked at, and it was al so used just a
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nonment ago for the other exanple, is |ithophysal cavities.
There are no stalagtite deposits in |ithophysal cavities.

Not hing is hanging fromthe ceiling of the little cavities
that we're tal king about. So there's no evidence of dripping
t here.

The seepage rate calculated, and it says fromthese
deposits, what it neans is fromthe deposits in |ithophysal
cavities, which tend to be along the bottom is less than the
seepage nodel predicts. So we have an indication that we're
on the conservative side.

When we | ook conpletely away from Yucca Mountain at
just the general topic of excavated openings, we see no
evidence of dripping in tonbs in Egypt. W see that
paintings in tenples carved into basalt at A anta, India, and
this was a long tinme ago, these paintings are very well
preserved because there's basically no water dripping from
the ceiling and running over and evaporating and covering
t hese t hings.

Now, one of the things that we like to say in the
di scussi on of natural analogs, and this is an anthropogenic
anal og actually, is that for every analog, there is a
counter-anal og. One of the reasons that sone of the cave
pai ntings in Spain and France are preserved so well is
because there is a noderate anount of seepage through the

rock that evaporates, |eaves calcite behind, and so there's a
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calcite coating basically protecting the paint material s.

But understanding the differences, it's just like
t he anal og of Roman concrete. Roman cenments are preserved in
many pl aces, and they're gone in other places. Two things
t hat peopl e who have studied this have |earned is that, one,
there was no quality assurance programthat the Romans used.

Sonetinmes they just made bad concrete. And in other places,
you know, there are environnental paraneters that are
obviously different in preserving these materials.

The sanme thing with Roman nails. 1In England,
there's one place where the Romans, when they left and the
Bar bari ans took over, that what they did is they didn't want
t hese people to have nails, because nails could be used to
make fortifications, and other things, and so they hurried
and took all their nails and dunped theminto a hole and
buried themin such a way that water, which is plentiful in
the English countryside, basically saw capillary barrier
noved around the nails, and they're perfect. They can still
be hamered. O her places, obviously, there are no nails at
all, and we know that they used them So, you know, there
are things to be | earned from anal ogs and count er-anal ogs.

Caves in southwestern U. S., plant and ani ma
remai ns preserved for tens of thousands of years. And, of
course, a good exanple of this is the preservation of the

mummy and spirit cave, a 9,400 year old nunmmy that they were
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able to tell fromthe intestinal track what his | ast neal
was, and that, you know, he was basically having his |ast
meal and expecting to die. Caves in Europe, these are al
indicators that there is very little seepage into openings
fromrock.

Qur own exploratory studies facilities, we have no
observations of natural seepage. W have no construction
wat er observed into the ESF at the crossover point of the
ECRB. These are all additional indicators that we're on the
right track in saying that seepage is an unlikely event.

Now, another thing, and | just nentioned, you know,
for every analog, there is a counter-anal og, but we do have a
coupl e of observations that we are al so docunenting into the
same report that in one place that's potentially conflicting.

In another one, it's apparently conflicting, but maybe not.
The water that's observed in the mddle non-ventilated zone
bet ween the second and third bul kheads in the ECRB. CQur
anal ysi s and nodel i ng suggests that the source of the water

i s condensation; that basically you have a tenperature

gradient, and towards the cooler end of things, since we are
tal ki ng about 90-sone per cent relative humdity, you get
condensat i on.

W' re doing ongoing work to evaluate if it's
condensation, construction water, or seeping pore water. |If
it's seeping pore water, then we have found a conflicting
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line of evidence. But we're evaluating it. This is work
that's in progress.

Anot her apparently or potentially conflicting |line
of evidence that's been nentioned by many people, including
ourselves, is there is seepage into the tunnels at Rainier
Mesa, or at |east there was. The stratigraphy is generally
simlar. Precipitation is about double Yucca Muntain.

During tunnel construction, the joints yiel ded
water. We don't see that in Yucca Mountain. W did see it
there. Additional work in that area has suggested that this
i s seepage from an overlying perched zone. Wat we saw was
seepage fractures are only in the zeolitic, and not in the
vitric tuffs. This suggests that seepage is |ocalized and
restricted to certain flow paths and geol ogic units. That
general statenent is not inconsistent with Yucca Muntain
seepage nodeling. But, obviously, you know, this is
sonmething that it would be derelict on our part if we do not
take that into account.

So what are we doing on nmultiple lines of evidence?

We are highlighting the consideration of multiple |ines of
evidence in the currents, nmeaning currently in preparation SR
rel ated docunments. | believe that the Board is owed a vote
of thanks in stinmulating this effort. W were basically very
slowy noving towards this, but this really accelerated the

effort. And we see now that this effort is resulting in a
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nore conplete and transparent discussion of the scientific
basi s for our nodels.

The di scussions, as | said, they're in process, are
not yet robust. They focus primarily on anal ogs, direct
observations, and alternative analyses. And we will continue
to inprove the docunentation in the docunent, the SSPA that
we' re working on right now, and we are | ooking forward to
continuing this process of not only |ooking at, but also
docunenting nultiple lines of evidence into the future.

Thank you very nuch

CHRI STENSEN:  Thank you, Abe.

Questions fromthe Board? Paul?

CRAIG Thanks, Abe. This really seens to be a good
direction you're going. And | want to turn to the ECRB non-
ventil ated zone, which was Nunber 16, | think. 1'mnot so
sure that | would consider that to be a nultiple line of
evi dence kind of exanpl e.

COHON:  Paul, I"'msorry. Could you stay closer to the
m cr ophone?

CRAIG (Ckay. Craig, Board. 1'Il get it this tine.

To repeat the first remark, you're going in a
really interesting direction here. And on Nunmber 16 where
you tal k about the ECRB section, I'"'mnot so sure | would
consider that a nultiple line of evidence. This, rather,

seens to be a situation where you have a wonderfu
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opportunity to test the nodels, because there are rather
explicit predictions, and if it turns out that it's
condensation, this is really good for the nodels, and if it
turns out that you can actually denonstrate that it's
seepage, then there are problens with the nodels.

So it seens that this is a place which is a little
bit different fromthe rest of your presentation, like
Ajanta, India, and it would be absolutely wonderful, and very
inmportant, to find out whether the nodels are supported or
whet her they're in trouble, and it's nice because it's a
predi cti on and nobody knows what the answer is for sure at
this stage. It's what you want, is predictions, so when they
come in, they'll really carry a ot of weight whichever way
it comes in.

So the second point that | wanted to make is you
gave the exanples that can cut either way, and there
certainly are such exanple. It would be extraordinarily nice
to | ook at these exanples and to be able to say why they go
ei ther way, and what the inplications are for Yucca Muntain.

It may not be possible to do that in a |lot of cases, but on
the other hand, in sone cases, it may be possible.
VAN LU K:  Yes, | would agree that if the opportunity is
there, we ought to take advantage of it, yes. And | think
the remark about the ECRB is noted, and we will | ook into

that predictive nodeling, and this is why | have it on the
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list, it could go either way, depending on the outcone.

CHRI STENSEN: Dan Bul | en?

BULLEN:. Bul |l en, Board.

Just to follow up on what Paul said, maybe go to

Slide 18, | actually also had the sane type of question as a
foll ow-on. The analysis and nodel reports suggest that the
source water is condensation. | seemto recall that early on
in the experinment between the bul kheads, there wasn't any
wat er, and the cause of that appeared to be we left the
lights on. And if you left the lights on, you could figure
out how much power, integrated power, would go in there. And
could you not then predict, okay, with that anount of power,
we didn't see significant condensation or water present, can
you then use it to predict what you think the tunnel
performance m ght be long tern? You know, how much of a de-
rated waste package do | have to have and still not get
condensation on surfaces? And is that kind of analysis
underway or being considered?

VAN LUK: | don't knowif it's underway or being
consi dered, but perhaps Mark can say sonet hing about that.

PETERS: WMark Peters, Los Al anos.

Dan, one clarification, there was water. You see

water in that mddle section the whole tine.

BULLEN: Ckay. Bullen, Board.

And was that water essentially near the |ights?
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nean, it seemed to me that the water noved fromthe |lights.

PETERS. It was within that same general section. |It's
probably changed in spatial extent to sone extent, but the
lights were a source of heat, so we turned themoff to limt
t hat source of heat. The TBMis now pretty nuch the only
source of heat.

BULLEN: Okay.

PETERS: But there was water.

BULLEN: | guess | just wanted to reiterate that. |
know there's a source of heat, and the source of heat seens
to be noving the water. So can you anal yze how much heat do
| need to actually nove the water, or have the water condense
in certain areas?

PETERS. Right, that's what we're | ooking at in nodeling
space right now.

BULLEN. Great. That's the question | wanted to ask.

VAN LU K: | think these questions are reflecting the
fact that 1'mgiving a talk saying we're doing this, and you
want to hurry and get past that and get to the technical neat
of things. And I think sonme of your enthusiasm about some of
t hese opportunities to question our nodels and either support
or change themis the sanme enthusiasmthat's now catching us,
t oo, because we're seeing this as an opportunity to either
shine or make corrections and shine |ater.

CHRI STENSEN: Al bert o Sagués?
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SAGJES: Yes. Has there been any recent progress in the
area of netal s performance?

VAN LU K: the reason that | didn't use that particul ar
one as an exanple is because the content of the one that |
was reading is basically the same as we presented on the
Josephinite work. |'munder the inpression that work is
continuing there, and there is progress, but I'mnot famliar
with it, and if sonmeone here wants to make a very short
statenment to that effect? Yes, we do have a vol unteer.

SUMVERS: Sunmers, Livernore.

The work that was presented or referred to here is
the sane work that was presented in Amargosa Vall ey, and that
is the work that is continuing right now But there are no
new results.

CHRI STENSEN:  Thank you. Leon Reiter, Staff?

REI TER. | have two short questions. The first one,
Slide 16, please. |Is that stalagtitic?

VAN LUl K:  Yes.

REI TER: What does that nean?

VAN LU K:  Wel| stalagtite means sonething that's

hangi ng down.

REITER Stalagtite, okay. Well, if that's the case
it's stalactite, | think.
VAN LUK: |I'msorry. W're DCE. W change the

| anguage at will.
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REI TER  You m ght want to coordinate this with some
people fromthe USGS, because probably we'll hear tonorrow
one of the evidence that they pose is that the |ack of
calcite, or secondary deposits on the roof of the cavity,
which | assune is stalactite, is an indicator that water was
downwel ling. And if that water is distributed both on top
and the bottom then it mght be an indicator that water was
upwel ling in the saturated zone. |In sone ways, you're
conflicting wwth what they're saying, and maybe we'l| hear
nore about that tonorrow

The second question has to do with whether or not
you' re planni ng anything on Paiute Mesa. That was supposed

to be an exanpl e of soneplace where you had a therma

intrusion in the past, and you m ght | ook at the thernma
effects on rock. | know other people have brought it up. |Is
anyt hi ng being planned to be done on that?

VAN LU K: Not that I"'maware of. |Is there anyone that

can shed nore light on that? Mark, are you aware of anything

at all?
PETERS. You nean Paiute Ri dge? You nean--
REI TER: Yeah, Paiute Ridge. I'msorry. You're right.
My m st ake.
PETERS. WMark Peters, Los Al anos.
Where there's been a basaltic sill intruded into
the zeolitic tuffs, there's ongoing work | ooking at THC type
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of effects associated with that intrusion

REI TER  Yes, because the Board has heard Walt Matascal a
tal k about that.

PETERS: Right. And the project is doing sone work, Los
Al anos and Berkel ey are both | ooking at that.

REITER WII that material be ready by the end of the
year ?

PETERS: It will probably likely be included in the
synthesis report at |east as an update. |1t's ongoing right
now. It's funded this year, and conti nuing.

CHRI STENSEN: Ri chard Pari zek?
PARI ZEK:  Pari zek, Board.

Abe, | want to conplinment you on the approach that
you're taking here. As you recall, fromthe multiple |Iines
of evidence work session, Bill Dudley went through sort of a
tedious review of all the lines of evidence, and suggested
that infiltration was relatively |Iow, and he kind of went
through the history of that. And the Board | think that were
present were pleased with that, by saying | ook, no matter how
you cut it, | think it's credible, because you really have
conme at this in a way that's nulti-faceted. And in your
approach, if you do it this way, you' re doing the sane thing.

It's data that already exists. |It's observations people
have made, but it hasn't always been integrated in a way that

you can see how t hese anal ogs hel p.
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In this Novenber report that's due out, | would

hope that that report does nore than just sort of nane a
group of anal ogs, and then sort of suggests in what way they
m ght be hel pful, but rather shows how you intend to
integrate the analog in sonme part of the analysis. That's
sort of what you were doing today for us.

VAN LU K:  Yes. |In fact, the coordination between that
report and this work here is alnost total. The sanme people

are invol ved.

PARI ZEK: It's a question of how do you get your noney's
worth out of that effort to nmake it clear. It's a
transparency issue, in part.

VAN LUl K:  Yes.

PARI ZEK: And then the question about the Yell owstone
that was nentioned earlier today, a little bit on that one,
and again, that's probably a thermal hydrol ogi cal
consideration, but I"'mnot famliar with all of the details
of what's planned there.

VAN LU K:  Yeah, I'mnot famliar with the details of
what's planned there either, and I'd have to call back on
Mark, if he knows.

PARI ZEK: W coul d save that for |ater

VAN LU K: | was under the inpression actually that this
was nore a review. You know, the project actually did sone

work in Yellowstone very early on, and |I thought it was a
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review of the applicability of that work at this point, where
before, we just kind of dropped it and didn't ook at it.
But what did we learn fromthat, and perhaps sonetine in the
future, we will do sonme future work. [|'mnot under the
i npression that we were planning to do specific pieces of
work in Yellowstone National Park. No one to contradict me?
CHRI STENSEN: Priscilla Nel son?
NELSON: Nel son, Board.

| find this interesting. [|'mvery happy that
you're pulling the many |lines together, but it's unclear to
me right now exactly to what extent these are going to be
anecdotal, and present an assenbly of cases generally
referred to, or to what extent they're actually going to be
used to perhaps validate nodels or processes that have been
asserted as operating in the mountain. And sone of those
m ght be |ike capillary barriers, the assunption about influx
related to rainfall, precipitation, effects of natural
ventilation. A lot of those excavated openi ngs, whether they
be in Egypt or el sewhere, on the test site, Rainier Mesa, we
went into a couple of the tunnels and sone of themare
dri ppi ng.

| guess the idea of actually using these as nore
t han exanpl es of how to think about how the nountain
performs, but nore than that, to actually link it into

effectively the experinmental program and actually deal with
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the gleaning information fromit that could actually be used
in validating or extending nodels.

VAN LU K: | think you' ve hit--you know, that was a | ong
guestion, but I think you' ve hit on sonething when you read
what we have in there right now, you wll find it's a m xture
of all of the above. |In sone cases, there is explicit
anal ysis that shows that the nodeling is on the right track

In other cases, like these, they're anecdotes that are just
general ly support the idea that there is little seepage, for
exanpl e, into openings. And in sone cases, the anecdotes
need further analysis, and | think this is why we're going
to, you know, continue this work.

Let nme tell alittle story about Spirit Cave. The
Any Dancee at that tinme enployed by the Nevada State Miseum
was the chief anthropologist. | read every paper that she
had witten, and then called her and said, "My observation is

that the upper mummy in sand was very well preserved. The

| oner one was not as well preserved, because it was | ower and
there was nore noisture.” She said, "No, you wouldn't get
this fromreading the papers, but the noisture conditions

were exactly the sanme. What happened was that the | ower one,
a rabbit burrowed into it, built its nest in its chest
cavity, and basically that destroyed that nmummy. The upper
one was protected by rocks, and so the rabbits, you know,

just couldn't get to it."
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So, sonetines when you read the literature, you get
one inpression. Wen you |look at the reality of the
situation, you get another. And the reason those sites are
so awfully dry, even though there's nore precipitation there
than here, for exanple, is because they are open to the
at nosphere, and so they never reach that 99 to 100 per cent
relative humdity. So, you know, an opening is nuch better
than a cave for preserving things. And you were alluding to,

you know, what was the exact water bal ance, for exanple, the

wat er budget in sone of these anecdotal things. It takes a
ot nmore analysis than just listing themto nake them
applicable to your nodeling.

NELSON:  Well, | like the idea of rocks protecting.

This is good. Keep it in mnd. But let ne just come back to
the fact that--or the question is this particular part of the
project on nmultiple lines of evidence really integrated with
t he experinental information producing part, in terns of
strategies for opportunity finding and nodel validating?

VAN LU K:  The answer to that is in large part, yes,
it's the sane people involved. And in sone cases, we are
diligently working to bring it into the m ndset of the
scientists working the issue. But we do have basically the
GSs | ooking at these things, and it's integrated into the
work that they're doing. So, the answer is it's becom ng

nore and nore yes as tinme goes on.



© 00 N oo o B~ 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 OO M W N B O

134

CHRI STENSEN: Don Runnel | s?
RUNNELLS: Runnells, Board.

| was going to ask a question that D ck asked, that
is, what is being done in terns of Yell owstone Park, and then
your answer was that work was done early, but probably
not hi ng goi ng on now. That has always surprised ne, frankly,
t hat you haven't carried through with Yell owstone because of
a coupl e reasons.

Nunmber one, it's clearly a coupled therma
hydr ol ogi c-chemi cal system Mre than two reasons, | guess.

Nunber two is Bo Bovardsson has a strong background
in geothermal systens, |'msure, and probably inplicitly
t hi nks about these things. Wen he does his nodeling, I'lI
bet a hundred dollars that he's thinking, incorporating what
he knows about those systens.

And, nunber three, there's a huge long history of
work at Yell owstone by others. DOE doesn't have to do it.
USGS has worked there forever, and | would hope that--well,
al nost forever, not quite forever, but al nost.

| would urge you to rethink the Yell owstone
situation as possibly ripe for plucking in ternms of testing
predictions, in terns of testing nodels. The closest |'ve
seen you conme to that is at Pefia Bl anca. There's sone good
anal ytical work I think going on there to apply at least to

your nodels, to a natural situation. | think Yell owstone
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stands in the same sort of category.

And 1'Il just repeat what other Board nenbers have
said. Three years ago, or so, this was sort of |ip service
that DOE was paying to these natural anal ogs or to the
multiple lines, and you' ve cone a long, long way in going
beyond t hat.

| finally want to thank you for sharing with us the
story about the rabbit in the chest cavity just before |unch.

VAN LU K: As a vegetarian, that doesn't bother ne at
all. But | think you'll be pleasantly surprised by the
wite-up on Yell owstone, because we have, and in fact Bo is
involved in this, we have exhaustively exhuned the literature
on that.

RUNNELLS: Back to the archeol ogical sites. You' ve
heard nme ask a couple of tines about the Repository Safety
Strategy Report, and that report contained the best synthesis
that |'ve seen from DCE concerning natural anal ogs. And |

suspect that you're probably building on that, at |east |

hope so.
VAN LU K: Yes, we have the sanme author working for us
on the discussions of analogs here to give it an integrated

feel and view, yes.
CHRI STENSEN: David D odato, Staff?
DI ODATCG Diodato, Staff.

Back to the earlier comments. | mean, the
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Depart ment has obviously recogni zed that multiple |ines of
evi dence may possibly be used to build confidence in the
process nodel s and ot her predictions that the program has
made, so that's encouraging.

But we | ook at some of the stuff under the
unsaturated zone, Chapter 11, Page 11. W mght just go
ahead and bring that up. And the concern that |I have is that
if we're trying to build confidence in the nodels, for
exanple, that Item 11. 3.3, the discussion there nostly
centers on matrix diffusion between the randomtinme transfer
function inplenenting the FEHM approach to unsaturated zone
transfer, versus the DCPT, and they give different results.
So that doesn't necessarily build confidence in the programs
predi ctions of that.

And then with the drift shadow zone, at the High-

Level Waste neeting | ast week, we asked the principal

i nvestigator about that, what was the evidence that the drift
shadow zone woul d occur, and they said, well, the seepage
nodel predicts it. And | said, well, the seepage nodel is
what we're trying to build confidence in, in part, so that

doesn't make you feel so nuch better, and you m ght point to
ot her exanples if you know of any, or the drift shadow zone
woul d be sonething that you could believe in, or sone other
line of evidence to support that. | just kind of toss those

out as comments or ideas.
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VAN LU K:  One of the reasons that | didn't highlight
anyt hing here and give you exanples is because these are
still under construction, and the challenge that we have
given the authors is fill in other lines of evidence if you
can think of any. Now, the confidence building would be a
very nice outconme, but it could also be what are the insights
that you gain from|looking at other related systens, and
t hese kinds of opportunities. And the insight m ght be that
your nodel is lacking in sonme sense, too. It's possible that
t hat woul d be the outcone.

CHRI STENSEN: O her questions fromthe Board? Fromthe
staff? Is this in response to one of the questions, Bob?

ANDREWS: This is Bob Andrews, BSC.

Let me just follow up on Dave's question. It's a
very good question. Not everything that we're doing, you
know, is focused on nultiple |ines of evidence. | think
we're taking all the Board's concerns equally, and sone of
those related to uncertainties and a neani ngf ul
quantification of conservatisns that were in the Rev. 0O
anal yses and nodels. And the two that you cited, Dave, you
know, on the drift shadow zone and conpari son of matrix
di ffusion nodels are both primarily getting at the
conservati smi ssue.

The mass rel ease fromthe engi neered barrier system

into the unsaturated zone was very conservatively treated. |
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think we tal ked about that a little bit in January. Bob
MacKi nnon is going to talk about it a little bit nore this
afternoon, and that's that 11.3.1 issue, and renoving that
conservatism we wanted to evaluate the significance of that
potential alternative conceptual nodel

The sane is true of the issue associated with the
conparison of various transport algorithnms for unsaturated
zone transport and in particular, associated with the matrix
di ffusion conparison between those, which is that 11.3. 3.

Again, the Rev. 0 anal yses used a very conservative
particle tracker within FEHM rat her than that dual continuum
particle tracker that's represented there. And | believe the
results that were shown | ast week showed the degree of
conservatism at |east at a subsystemlevel. \Whether or not
we carry sone of those subsystem conservati sm anal yses into
eval uation of their significance froma system perfornmance
per spective, you know, is decisions that we're still
westling with. Sonetinmes we don't need to. | think the
Board has correctly pointed out that there's a |ot of value
to be gained by I ooking at the significance at a subsystem or
conponent | evel w thout always going to performance
assessnent. So | just wanted to clarify that a little bit.

VAN LU K: | think | need to clarify what he just said,

t hough. W basically nove into Bill Boyle's talk and his

topic with that comment. The reason that these are on ny
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list is because there's al so a subsection under these saying
other lines of evidence, and | believe in those two
categories, right nowthere is nothing in them But the
challenge is there for the authors to bring in the basis for
their insights and docunment themin those spaces. And so
what Bob says is absolutely true. W're hoping that the
authors will conme forward and, as David pointed out, they
didn't do so in the exchange at the |ast neeting. But | hope
they will conme forth and fill in the bl anks.

CHRI STENSEN:  Abe, thank you very nuch

M. Chairman, | turn it back over to you

COHON:  Thank you very nmuch, Norm | appreciate your
fine job as Chairman.

We'll nowturn to a public comrent period. Judy
Treichel is the only person to have signed up.

Judy, would you like to cone up here?

TREICHEL: | want to thank Abe for giving the fastest
presentation he's ever given. And | want to thank the Board
for making this time avail able, because this is really,
really inportant.

Last Friday, a bunch of docunments were dropped out,
and a public coment period was officially started, and this
Friday, another extrenely inportant public coment period
does start. And |'ve got one question for Lake, and this is

a yes/no, that's it, because this is inportant tine.
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But | want to know if the train has left the
station, if we are officially in the site recomrendation
situation right now Have we officially entered that phase
of the project? You wote a letter to the governors which
you' ve signed, and the Departnment put out docunents and
started public coment periods. Does that nean that we are
now officially in the site recommendati on process?

BARRETT: W' ve entered into the next phase. Watever

the Federal Register notice and ny letter says is what we're

doi ng.
TREICHEL: So it is in the eye of the behol der?
BARRETT: Well, that's what the letter says. W've
entered into the public comment period, and it is extended,

there is no close date on it.

COHON:  Wel |, Lake, you mght just review what you
and/ or Steve nentioned before about what the law requires in
terns of the site recomendation. Ws it Steve that tal ked
about this?

TREICHEL: It seens real fuzzy. | can't tell if we're

actual ly doing our site recommendation thing right now

BARRETT: The science and engineering report has the
bul k, not all, but the bulk of the scientific bases that
woul d be the scientific foundation of any potential site

recommendation. W had that pretty well witten, and we felt

it very inportant to get that out to everybody when we had
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it. Okay? And we think it's the best articulation we've
ever had to date of the performance of Yucca Muntain and the
uncertainties and the work that's going on. So we felt it
very inmportant to put that out, and we wanted to put it out
for cooment for all. So that's why we put it out. W felt
that this was getting close enough to, you know, in the
process, so we announced the initiation of the public conmrent
period, and that's what in the Federal Register notice.

Now, exactly where is that? You know, it's not
specified in the Act. It just says we shall have public
comment. W shall eventually have hearings. W did not
schedul e the hearings. W did not schedule a cl ose, because
we feel there is nore information that's needed before we
reach those points.

TREI CHEL: But you are officially considering

recomrmendation of the site? Yes/no?

BARRETT: Let nme look into ny Register notice before |
can answer it. If I"'monly allowed yes or no, | want to go
back and | ook.

TREI CHEL: COkay, that's fine. But as was brought up,
and | want to thank Debra very much for having asked the
qguestion about isn't the public at a di sadvantage when you're
tal king about things that conply with a guideline, or a rule,
that's not yet final? And, yes, the public really is, but

there is even nore to it than that, in that |I'm guessing the
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Board probably has seen what that proposal is, but the public
isn't allowed to. W' ve asked for what is the proposal, even
if it's not final, what is it that you re working with, and
we're not allowed to see that, or the NRC thing. W've
di scussed with EPA what theirs is, and we know that there is
a range of options, and they're nore open about it. But
we're not able to see any of these things, and it--

COHON:  Judy, let ne interrupt. You seemto think the
Board is privy to material that you' re not?

TREICHEL: | was assuming that you probably had seen
what's being proposed as 963.

COHON:  Oh, proposed? W comented just the way the
public commented. | think that's all we've seen.
TREI CHEL: Then none of the public coments were

considered if that's the sane thing that cane out.

COHON:  Well, DCE can speak for itself. But not
acceding to a public request doesn't nean it wasn't
considered. It was considered and rejected. That's always a
possibility.

TREI CHEL: Yes, okay. |In King's presentation, there was
a last bullet on Page 8 that said that 963 will be updated
based on public coments. But if that's in the future,
you' re using sonething el se nowto show conpliance, or we're
being told that the SER is based on this prelimnary proposed

guideline. Soit's all very, very fuzzy. I|I'mnot here to
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argue with anybody. [|'mjust saying we've got a real

probl em because we really don't have any firmfooting that
we' re standing on, and we don't know. This would al nost
indicate that there would be another public comment period at
this stage of the gane, but I'msure that that's not the
case, on 963.

And then there was anot her slide on Page 17 of
King's presentation that there was a revised site
reconmmendati on approach. Well, if we've already been given a
docunent that's part of a site recommendation to conment on
then | wouldn't think that there should be a revised site,
that was why | asked the question, a revised approach to site
reconmendati on.

And anot her thing that seens backwards is the new
ornanent that's hanging off the pyramid with the suppl enent al
sci ence and performance anal ysis, which is not yet done, but
whi ch feeds the science and engineering report, which is done
and on the street and out for comment. So it's very, very
difficult then.

In Larry Trautner's presentation, there is stil
nore tal k about |earning new information, and that the design
is in the conceptual phase, and we've just been thrown at us,
t he public, a supplenent to the EIS regardi ng the design
And it's still being tal ked about as conceptual, and | wll

tell you as a personal view on this thing that when the
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public sees those new drawings with the various |ayouts, and
getting |l onger and bigger and nore stretched out, that to
themis not going to appear to be--and |1'd | ove to know t hat
they're wong on this--but it's not going to appear to be
managi ng heat. |It's going to appear to be making this place
capabl e of taking way, way, way nore waste. And it would be
nice to be guaranteed that all that was was flexibility for a
heat | oad and not flexibility for how nuch waste gets piled
in there.

But | want to nmake it very clear to everybody here,
and | think you knew that, but you need to really know it,
about how difficult this is, because we've got a 45 day
comment period on this supplenmental EI'S docunent, and yet
it's still a concept. And so there mght be a whole | ot of
t hose going, but the clock's already running, | think, on
site recommendati on.

So, thank you.

COHON: Thank you, Judy.

Are there any other menbers of the public who w sh
to comment now? Steve?

FRI SHVAN: Steve Frishman, State of Nevada.

This won't be my usual type of comrent. | was just
t hi nki ng about Priscilla's dilemma over flexibility, and it
occurred to ne that quite a few years back, | renenber

commenting to the Board that sonmeone shoul d be watching very
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carefully whether the MPC was driving the repository design.
And | think we're in that situation, and I think it's
finally cone to a head.

At the tinme that the MPC was the rage, the
conceptual repository design was for vertical enplacenent.
And vertical enplacenent of relatively small containers, and
vertical enplacenent of probably stainless steel containers.

Now we have a design that is a response to a transportation
and storage concept that is no | onger the concept that the
MPC was.

So | knowit's sort of a tired term about thinking
out of the box, but I think we are deeply buried in the box
for a reason that had nothing to do with respository design
inthe first place. So, just keep that in m nd.

COHON: Pyramd m ght be a better netaphor than box at
this stage.

O her coments or questions fromthe public?

(No response.)

COHON: Al right, thank you very nmuch. | thank all our
speakers this norning.

To all of those who have conplained in the past
about our short breaks, keep this one in mnd. W wll
reconvene at 1:30.

(Wher eupon, the lunch recess was taken.)
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AFTERNOON SESSI ON

COHON:  Board nenber, Al berto Sagiés will chair the
meeting this afternoon. Al berto?

SAGJES: Good afternoon. |'m Al berto Sagiiés. We're
going to start the afternoon session that deals with
uncertainty anal ysis and perfornmance assessnent, and we're
going to go straight through it. W're going to have our
first presentation that is entitled Uncertainty Anal yses:
Current State of Activities, and it's going to be presented
by WIIliam Boyl e.

BOYLE: Good afternoon. Thank you for this opportunity.

It's a followon presentation to the one that | gave in
Amargosa Valley a few nonths ago. And as | nentioned at the
Amargosa Val l ey neeting, what | present represents the work
of a lot of other people, and | can't thank themall, but |
woul d I'i ke to acknow edge Ral ph Rogers and Kevin Coppersmth,
and Bob Andrews and Dave Szrubian (phonetic) for the TSPA
portions, and sone of the new nodeling is by Mke WIson and

Ciff Ho of Sandia. Another new nodeling is by the people at
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LBL that work for Bo, and al so sone cal cul ati ons by Tom
Buschek. And I'd like to thank Rob Howard for getting it al
into Volune | of the SSPA
So, the briefing objectives, they're shown here in

the bullets, and as at Amargosa Valley, I'mgoing to start
off with a review of the uncertainty treatnment in the Rev 00.

"1l then switch to a question that Dan Bullen had this
norni ng, or a coment, what's in and out of the updated TSPA.

"1l introduce sone of the subsequent presentations of the

af ternoon, and present sone exanples nyself on new nodels and

new dat a.

Okay, | tal ked about this topic at Amargosa Vall ey.
There was a review of the uncertainty treatnent in the Rev
00 anal ysis and nodel reports, process nodel reports and

TSPA- SR that was requested by the DOE and it was conducted by
our Managenent and Technical Services contractor. So it was
an i ndependent group of people reviewed the treatnent of
uncertainty. And what they reviewed were these things, and
it's all docunmented in a report that was recently delivered
to DOE, and | think copies were delivered to you, to the
Boar d.

And what the reviewers were asked to do is ook at,
wel |, how were these things docunented in these docunents.
It wasn't a task to ask people how would you do it. It was,

well, go out and find out what was done, including |ooking at
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t he nodel relationships, you know, what was the source of the
uncertainty, howit was treated, the inpact of the
uncertainty, and how it was docunent ed.

Well, this is a graphic figure fromthat report,
and this is a construct that the reviewers found hel pful to
t hensel ves. Sone of you were present at the Hi gh-Level Waste
Conference | ast week, and there was a session on uncertainty,
and Hans Riotte of the NEA nentioned sone NEA docunents that
| ooked at this topic of uncertainties in TSPA. And the
approach used in our review r report follows along those sane
lines, but a little nore detailed, that the TSPA docunents
fromthe NEA they do deal at a TSPA |level and didn't go down
to the level of detail that the reviewers associated with
this report did. They went all the way down into the
anal ysis and nodel reports, which are based upon tests.

But this construct they use is very simlar to what
you mght find in one of those NEA reports, and it shows that
although it's possible to start dividing an overall nodel up
into paraneter inputs and conceptual nodel and the

representational nodel, that these aren't nutually exclusive

items with, you know, hard boundaries, that the mnute you
choose a conceptual nodel, it starts to affect the paraneters
and inputs associated with it.

But the review is organi zed around this graphic.

So if you go into the individual chapters, you'll find that
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the reviewers commented on, well, how were the uncertainties
related to the conceptual nodel handl ed? How were the
uncertainties related to the paranmeter inputs handl ed? And
al so, you know, how were uncertainties in the abstraction
handl ed, and al so the representational nodel.

These types of charts, you can see this was for the
seepage nodel, and these were created for each and every one
of the major nodels that was reviewed, whether it was seepage
or UZ flow, unsaturated zone flow, or saturated zone
transport, and it shows a |linking of the nodels and anal yses
and what they feed into. And such a diagram the reviewers
found hel pful, particularly with respect to tracking, well,
how uncertainties were propagated or transferred through from
one nodel to another, to another, and on into an anal ysis.

So, the review of the uncertainty treatnment. These
are the principal recoomendations fromthe review, and I'm
pretty sure these are word for word verbatim cut and pasted
out of the report. And so the first is consider developing a
systematic process for identifying, docunmenting,
characterizing, evaluating and quantifying uncertainties.

As |'ve already nentioned early on, like those
di vi si ons between paraneters and conceptual nodels and
representational nodels, they're not hard and fast and
di stinct, and perhaps we should, as one exanple, develop a

nore systematic process for identifying them which would
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then help in ternms of quantifying the uncertainties.

Anot her principal recomendation, provide better
di scussion of the bases for determ ning paraneter val ues and
probability distributions. Mny tines, you'll have a
dat aset, let's say nmeasurenents, and at first glance, any
nunber of distributions mght seemto fit the data equally as
wel |, and yet these different distributions have different
paraneters associated wth them You know, maybe it's a one
parameter distribution, or a two parameter distribution.

So as peopl e choose a particular distribution, and
t he paraneter val ues associated with it, perhaps we shoul d
have better discussions.

Rel ated to that is perhaps provide nore robust and
consistent justification for paraneter and nodel bounds. For
exanpl e, should we use a 95th percentile value, or a three
standard devi ation value, or three orders of magnitude
greater, or sonething. W should consider having a nore
consi stent justification for the bounds that we do use.

It was recommended for each of the |arge conpl ex
nodel s, have an overall conceptual nodel analysis and node
report, and also to inprove the conceptual nodel discussions
wi thin the anal ysis and nodel reports.

The unsaturated zone does have such an overal
conceptual nodel analysis and nodel report. So it's a good

exanple of how to do this.
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And, in general, in the course of this review
docunent, you know, many reviews will tend to focus nore on
the things that could be done better, but this docunent, in
addition to identifying the things that perhaps could have
been done better, also identified areas where things were
done well, to use as exanples or tenplates throughout the
rest of the project.

And there was the fifth bullet there, which was be
certain that we describe how uncertainties are propagated and
i ncor porated through.

Al right, so Il'mswitching topics now. 1|'ve been
tal king about this review report, which | think has been nade
avai lable to the Board. |If you have any comment on it
through tinme, you can get themto nyself or C audi a Newbury
or anybody el se.

But I"'mswitching to a new topic, the suppl enental
science and performance anal yses that's al ready been
menti oned by Steve Brocoum and Jerry King and ot hers today,
and it's the supplenental scientific investigation and
anal yses that have been ongoing since the conpletion of the
Rev 00 docunents.

That suppl emental information is being devel oped to
provi de additional data to support the suitability
eval uation, as nmentioned by Jerry King and is shown in bl ack

in that pyramd. And | believe Jerry nmentioned this this
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nmorni ng, that there were three basic new types of

information. W continue to quantify sone of the
unquantified uncertainties. There was ongoing testing and
updati ng of nodels. That was since the conpletion of the Rev
00 docunents. And we al so | ooked at sonme nodel s and anal yses
to exam ne the range of thermal operating nodes.

And just as with the division between conceptual
nodel and representational nodel, there aren't hard and fast,
you know, discrimnation between sone of these itens.

Slides 9 to 16, they're a long table, and this
slide gives the headings for the colums of that table. And
what those tables capture are the things that will be in
Vol une | of the SSPA, supplenental science and perfornmance
anal yses docunent, and also what will be in Volune Il. And
as | think Steve or Jerry nmentioned this norning, Volune ||
of the SSPA wi |l be TSPA cal cul ations, total system
performance assessnent cal culations. And Volune | wll be
t he new nodel s and new sci ence and new data upon which the
new TSPA i s based.

So as you | ook at those pages, 9 through 16, you'l
see that the first colum is Key Attributes of the System
and it's a brief description, and we borrowed those fromthe
repository safety strategy and it consists of itens |like
[imting water contacting waste package, prolongi ng waste

package lifetine.



© 00 N oo o B~ 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 OO M W N B O

153

The second colum is Process Mdel Factors, which
that's the next level of detail down. And in that colum,
you'll see reference to the chapter in the science and
engi neering report that was just published where that
particul ar process nodel factor is discussed.

Then the next colum is even a greater |evel of
detail, the particular topic of the supplenental science
anal ysi s.

Then the next three colums are these, and it's,
wel |, what was the notivation for including this work in the
first place? Was it driven by a consideration of quantified

and unquantified uncertainty, or was it driven by an update
in scientific information, or was it driven by consideration
of |l ooking at the range of operating nodes. And these, no
matter which one of the three, or two of the three, or three
of three drove the new information or new nodeling or new

anal yses, this will be captured in Volunme | of the SSPA

Then the last two colums will indicate, well, how
was it treated, if at all, in the TSPA, which would then be
captured in Volume Il of the SSPA. And the two types,

there's the two colums that deal with was a TSPA sensitivity
anal ysi s done, holding everything el se constant, as in the
base case, just change one thing, that's the sensitivity

anal ysis, and also the final colum was was it included in

t he suppl enental TSPA nodel. And what's neant by that is in
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Rev 00 ICN I, which | think Steve Brocoumreferenced this
nor ni ng, published in Decenber of |ast year, that's a hot
TSPA.

And what's being done in Volune Il is we're slowy
addi ng sonme of these things to it, keeping it hot to begin
with, and what we'll end up with is a new updated hot TSPA,
suppl enental TSPA. And after that's all updated, then, in a
sense, we'll turn the tenperature knob, and run that updated
nodel , but as a col der TSPA

So at the end of Volume Il of the SSPA, you'll be
able to make a conpari son between the updated hot and col d
TSPAs, but you will also be able to conpare the new hot
suppl enental TSPA with Rev 00 ICN I, the ol der hot TSPA.

So, it mght help to go through sone exanpl es here,
and if you could--well, to reiterate, this is really the Xs
tell you what's in Volunes | here, or in Volune Il, technica
itemby technical item and it's cross-referenced to the

Chapters in the science and engi neering report.

So can we junp forward to Page 12? Spent nucl ear
fuel, no changes whatsoever were made, no Xs at all, is one
exanple. So not everything is being changed from Rev 00.

Can we go back to Slide 9? Another exanple is down
here at the bottom effects of drift degradation and rock
bolts on seepage. You'll see that it was primarily notivated

| ast sunmmer as part of the unquantified uncertainty analysis.
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We were going back to the scientists and asking them well,
how m ght you do things differently, different

representation. So, they actually did analyses related to
drift degradation and rock bolts, and those anal yses will be
docunented in Volune I. But it was determ ned that as a
result of these analyses, the end results weren't that
different, so it was never propagated through to TSPA. Based
on the changes here, the subsystemresults didn't change that
much fromthe Rev 00, so these changes and nodel s weren't

propagat ed through here.

Now, one thing | want to bring up is is when you
see no Xs for the TSPAin Volune |1, there will be at |east a
gqualitative description of the different nodels that were

considered. So, just because there's nothing here doesn't
mean that it wasn't docunmented in Volunme I. If it's over
here, it will be docunented at |east qualitatively and
descriptively in Volume I.

Al'l right, so I've shown you one where it was
driven by an unquantified uncertainty analysis. This one
shows where new anal yses were driven by consideration of the
cool er thermal operating node analysis. And | think Rob
Howard nmentioned this this nmorning with respect to the
repository footprint, that they weren't going to include that
new footprint in, but people did do sone, you know, process

| evel npdels to ook at, well, what would the infiltration
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be. But as you can see, it didn't propagate through the
TSPA.

And as a final exanple on this page where sonething
el se drove the change, effects of |ithophysal porosities on
thermal properties. It's listed in the update and scientific
information, representation, the nodel representation for the
thermal conductivity as driven by the |ithophysae, that nodel
was changed, and so there will be a description of that. But
it wasn't propagated all the way through as a TSPA
sensitivity analysis, nor was it propagated through to be
i ncluded in the updated TSPA

Al'l right, so there's five columms here and they
ei ther have an "X" or they don't. So there's two to the
fifth, or 32 different conbinations, and I'mnot going to go
through all 32. You can go through yourself. 1've shown you
where individual itenms were considered and not carried
t hrough to TSPA. You can see that sonetines the work was
notivated by consideration of two itens, and actually al
three couples are there. You can go through the tables and
you'll find an entry where there's an "X" and an "X' here, or
an "X'" and "X', and at |east one entry has Xs all the way
across. And for these columms, you'll find areas where
there's two Xs or perhaps just one "X'

But | just want to reiterate as you go through al

these, this is a brief summary of what's going to be in
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Volunes | and Il of the supplenental science and perfornmance
anal yses.

Okay, now, what's in for the rest of today's
exanpl es? W' re going to have sonme di scussions of how the
TSPA has been changed. [1'Il give sone exanples, and in

response to sone of the questions, some of the other

speakers.

You're going to hear right after ny presentation
from Saxon Sharpe and Jerry MNeish on these two. | wll
tal k about this one nyself near the end of ny talk. If you
go to Page 11, Rob Howard is going to talk about, I'mpretty

sure, sone of these in here on the waste package perfornmance.
And go back to Page 10, Bob MacKi nnon is going to talk,

t hi nk, about this one and perhaps sone of the others down

here, and also on Page 13. | think Bob MacKi nnon has a

couple of these in here, | think it's this one and that one.
So these are sone of the exanples you'll hear

today. W're certainly not going to discuss all of them but

| think it's also inportant to point out some of the things
that won't be in the TSPA for Volune Il. So go back to Page
11, if you can.

Here's the |l ocal environnent, you'll see that, as
|'ve already nmentioned, there will be a description of how

these are handled in Volunme I, but they' re not propagated
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gquantitatively through into the TSPA, nor is the long-term
stability of passive film You'll see we'll have a
descriptive treatnment of this in Volune I, but it's not
propagat ed through into the TSPA

So now we can junp past those tables. You're free
to keep them That's a good summary of what's in Vol unes |
and Il. You know, the TSPA cal culations for Volune Il are
still ongoing, and so if anything, sonme of those itens may
fall out. They may find that it's just too difficult to
actually incorporate the change within tine. But many tines
the anal ysts look at it and say, yeah, | can incorporate that
change, but then when it cones to actually putting it in the
code and running it, sonetines they run into difficulty.

So, since January, nore of the uncertainties have
been quantified, and we'll see some of themtoday. Also
| ooking at the sensitivity analyses to determ ne which of
t hose should nmake it into the TSPA. If it doesn't have nuch
of an effect, we mght not put it in the updated TSPA

And so related to that, they' re being incorporated
for those that the results of the TSPA are sensitive to it,
and we're also trying to incorporate things that nmay shed
light on the difference between the hotter and col der ends of
t he thermal range.

So, here's what you're going to hear the rest of

the day. Fromnyself first, I'll talk about sonme seepage
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nodel s in the drift shadow zone, to be followed by a talk on
climate and net infiltration. You'll hear from Rob Howard on
wast e package and drip shield, and you' Il hear from Bob
MacKi nnon on the engi neered barrier system
Now, for many of these, they actually represent
brand new nodel s where we have no nodel at all in the Rev 00.
On the other hand, others represent new information, and |
bel i eve you' Il hear fromthe speakers perhaps on which is
whi ch.
For my owmn, I'mgoing to tal k about flow focusing.
We had a nodel, but we changed it. W changed the range
over which it operated. This episodic infiltration isn't in
Rev 00 at all, so this is a brand new nodel. And we revised
t he seepage nodel, because of new test information fromthe
Exploratory Studies Facilities, which that new test data |ed
to revised bl ock properties.
But we also included thermal effects, that in the
Rev 00 TSPA, they used to do calculations to find out, okay,
what happened to the water around the drift, would take it

five meters above the drift, and use that as an input to a

nore detail ed seepage nodel. But that seepage nodel itself
was isothermal. It didn't have thermal effects, even though
heat had put the water up there in the first place. But we

have now i ncorporated thermal effects in the seepage nodel.

So, even though flow focusing was shown first, |'m
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going to go to episodic seepage. And what this is is | think
setting aside rocks for a mnute, is people see this on
pi eces of glass with mst, or even on your pitchers of water,
that you'll see that eventually a drop will get enough water
vapor, you know, and it will get converted to |liquid water,
gets big enough, and then it will run. And you can get
simlar things with rock fractures due to their rough nature.
The water can hang up in a fracture and acts like alittle
dam and the water builds up behind it until it reaches a
sufficient volunme, and then it all just flushes through.

So, we didn't have anything like this at all in the
Rev 00, so now we have put in a new nodel that switches to a
system where there is flow, no flow, flow, no flow, along the
lines of, you know, |ike a drop that conmes down, you wait ten
m nutes, another one will conme down. So that's what we
i ncor por at ed.

And by incorporating that into it, you'll see that
just | ooking at the nean seepage flowrate, it leads to an
increase in conparison to the Rev 00 base case. In black, it
wi |l always be the base case, and the new nodel or the new
data will be in red. This change here represents a climate
change at 2000 years, incorporated over a tinme step.

And so when they put that new nodel in, they can
run it through the TSPA, and you'll get these horse tails.

But the inportant thing to look at is, well, what does it do
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with respect to dose. W see that there is an increase in
seepage flow rate. But for dose, we don't see an increase in
dose until we get past 50,000 years, and that's because these
rel eases really aren't driven by seepage, so increased
seepage doesn't affect this part of the curve. But you'l

see with this new nodel, that there is an increase in dose
rate.

And the reason it |led to higher seepage fractions
and seepage flow rates is you can think of these asparities
as capturing water that normally woul d have just gone around
the drift and never shown up as seepage at all, and now it
gets sucked in behind this damand actually does contribute
t 0 seepage.

Here's a different change we nade. W had a flow
focusing factor before, and you can think of this as a

funnel, and we were really uncertain about it in the Rev 00,

soit's anultiplier, if you wll, we let it range from
essentially one, no multiplier at all, up to 50, which with a
nunber of 50, it inplied that the flowng fractures, the

fractures out there, were 20 to 30 neters apart.

Wel |, based upon nore nodeling, and al so
exam nation of the rocks out there, people thought, well,
maybe it's not. Maybe the flowng fractures aren't that
wi dely separated, and they led to a new representation.

| nstead of a factor from1 to 50, it nowis from1l to 6,
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exponentially distributed, with a nean of 2. So that |eads
to mean seepage flow rates that have decreased fromthe base
case. The base case in black, and here's the new
representati on.

But what we did here, as |'ve already nentioned, we
had a big funnel, a few big funnels, if you will, in the Rev
00 TSPA, and what we did here was we replaced the big funnels
with a lot of smaller funnels. So that led to an increased
possibility of seeps, but each one had | ess seepage, and when
you put the two effects together, it leads to no increase in
dose, because here, you see the seep flowrate, but we' re not
plotting up--1 nmean, decreased flow rate, but we're not
showi ng an increased possibility of seeps, but that is
captured down here. So those two cancel each other out.

Now, this has in it the revised test data. And so
we al so changed it to a thermal nodel, but these results only
show froma thousand years on, and it shows that in this
case, the updated nodel has a higher mean seepage rate than
we had in the base case. But as with the first exanple |
showed you a coupl e slides ago, because the early rel eases
aren't dom nated by seepage, the increase in seepage doesn't
cause an increase in the nean dose rate. But we do see a
slight increase here, and it's because diffusion is
dom nating the results.

Al'l right, this is the drift shadow zone with the
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concept that, you know, the drift itself causes the water to
go around it, and it will end up drier underneath the drift.
And | think Bob Andrews nentioned this in part this norning
in response to sone questions. This isn't represented at al
| think as a drift shadow zone, not by that nane in Rev 00,
but what we had in Rev 00 is whatever radionuclides were in
the drift, the mnute they got to the rock, they were all
assuned to be in the fractures, which is the nost, you know,
that has the fastest transport.

So what was done in this nodel, it was a switch
They switched the nodel such that if a radionuclide in the
drift was diffusing, they put it into the rock matrix, and if
it was advecting or flowing, they put that in the fracture.
So now i nstead of having everything in the fractures, as in
Rev 00, there was a partitioning. Now some of it is
di ffusing through the matrix, and sone of it is flow ng
through the fractures. And by doing that, you lead to
del ayed rel eases, about 10,000 years, and al so a decrease in
t he amount of dose.

And they're | ooking at changes in this nodel,
particularly with respect to how you treat that interaction
between the fractures and the matrix, the two different
conti nuum because not only is there advection, but there's
di ffusion, and do you allow it one way, and if it's one way,

whi ch way, or both ways, or no way.
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So, here's what you heard at Amargosa Valley. A
| ot of things have changed since then. The SSPA didn't even
exi st then at the end of January, and nowit's roughly a
t housand single sided sheets of paper, and it's due to be
delivered on June 1st.

So, this is what you heard we were doing, and the
reports that were going to be generated, and they were
di scussed at the January neeting. Here's what's being

di scussed today. You' ve heard reference to the SSPA, Vol unes

| and I1.

And I'd say at a high level, the technical work
hasn't changed at all. 1t's just which report that things
end up in.

The eval uation of uncertainties is a work in

progress. The review provided val uabl e the | essons | earned.
The SSPA is providing additional insights. And we are
specifically |l ooking at the thernmal dependenci es.

And with respect to the ongoing work in progress, |
bel i eve Abe Van Lui k nentioned at Carson Cty |ast year, and
| know | showed a slide in January at Amargosa Vall ey that,
you know, this really is ongoing for a long tinme to anal yze
t he uncertainties and eval uate the significance and
conmuni cate them and manage t hem

So, that's ny presentation, but | saved a few

m nutes here at the end so that | mght personally try and
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answer the question posed earlier today on how to comruni cate

t hese uncertainties. And this is ny own personal point of

view. |'mnot speaking for the Departnent right now.
But first, | believe it was posed comrunicating to
deci sion makers, and | think first of all, what would be

communi cat ed depends upon the particul ar decision maker. For
exanple, if Lake Barrett is the decision maker, he knows an
awf ul | ot about Yucca Mountain and is very confortable with
statistics and all the PMRs and everything else. And so that
can be done at one |evel.

The Secretary of Energy is probably a different
matter. You know, | sincerely doubt whether any Secretary
woul d read all the AMRs, PMRs, SSPA, and all the rest, and ny
guess is that a decision nmaker at that |evel is going to want
sonmething very distilled. And it probably won't be nyself, |
woul dn't presune that, it mght be sonebody |ike Lake, but if
it were nyself, | personally would just take in a few pieces

of paper to try and get the point across.

For exanpl e, one piece of paper or one bit of
knowl edge | would bring inis wth respect, well, what
happens at 10,000 years, because that is the regulatory tine

frame, and | think what we'll find is we'll do our TSPA for
post-cl osure performance, and whether it's 300 runs or 500
runs, we'll find that a very small nunber of those have any

dose at all at 10,000 years, and that dose for those that do
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have dose, if any, it's a small dose. And | would probably
show it's small by reference to what sonebody gets in Denver
or Washington, D.C. So that's one bit of information | would
try and get across. But it would just beg the issue of,

well, does it get better or worse?

And so another plot that I mght showis the
probability density function of peak dose. No matter when it
occurred in tinme, just go through a horse tail diagram and
pi ck off the peaks and plot themup. And the reason | would
use a probability density function is even though many peopl e
don't deal with probability and statistics, |I think just in
t he course of going through school, people hear of grading on
the curve and the bell shaped curve, and nost peopl e can
recogni ze a roughly bell shaped curve, which is probably what
we're going to end up wth.

And | would show that curve to a decision maker
and | would focus in on probably the node. Rather than the
mean or the median, | think nost non-trained people, they're
just going to look at the peak of that curve, and I would
conpare that, |I would have on that plot, you know, what
sonmebody gets in Denver or Nevada, or perhaps Washi ngton, and
show how far we are away fromit. And at the sane tine, the
deci si on maker m ght say, well, okay, that's what this curve
| ooks like today, but is it going to nove tonorrow based upon

new sci ence or a new nodel.
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So another thing that I mght show is our ol der,
nore conservative TSPA, and show that, well, here's how it
changed as we becane | ess conservative. And if anything, we
still have conservatisnms init. |It's hard to avoid them
When you switch to idealized nodel, the odds are, if
anything, we're going to add conservatismrather than
optimsm So | would try and convi nce the decision maker, if
anything, we'll still continue to nove in that direction.

And then the final thing would be not w thstandi ng
that, there still is sone possibility that the curve woul d
nmove in a bad direction. But | would point out that, you

know, we've studied the nountain for a while, and we don't
expect that to occur, but we also have the requirenents for
performance confirmation and nonitoring, such that if
anyt hing bad did happen, and we were starting to nove in the
wong direction, we'd actually know it.

And so that's how | personally would try and

communi cate the uncertainties.

SAGJES: Thank you, Dr. Boyle. Sone questions? Dr.
Cohon?
COHON:  Cohon, Board.
Bill, I think that's excellent. | think that's an
out standi ng answer, and | really congratul ate you and admre

you for putting it that way. Fromny personal point of view,

that's the maximum | think | could have hoped for in terns of
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what you would be able to do and would be willing to do with
t he conmuni cation of uncertainties to the Secretary.

One fine point in presenting that PDF, | think it's
worthwhile putting out to the Secretary the extrenes, the
node and probably the nedian to tal k about, but it could be
as low as and it could be as high as, but the chances of as
hi gh as are one out of 500, or however you quantify it. So,
great. Congratulations, and | find this, everything you just
presented very i npressive.

A coupl e of questions about the big table, and how
all of this may be used, sort of the content of what will be
behi nd whatever the Secretary sees. First, on the table. It
cannot be avoi ded that judgnent, technical expert judgnent,
as contained in the program has to be applied in deciding
whi ch of those many paraneters should nake it to the next
step of analysis using a sensitivity analysis with TSPA, and
then inclusion in the TSPA

There are a couple things about that that I'm
confident you're thinking about, but I want to ask you as
much to get on the record as anything else. One is that
you're | ooking at the subsystem |l evel, one could see snal
changes, but if it's a very inportant paraneter, it could
have big inplications, or bigger inplications for TSPA for
dose than one m ght expect fromjust |ooking at the

subsystem So that's one issue.
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And if | understood you correctly, the first screen

was basically, well how nuch change do you actually get in
t hat paraneter, seepage, or whatever it was.

BOYLE: Right.

COHON:  The other thing is the various paraneters and
processes interact. So a small change here and a snal
change here coul d together produce a significantly |arger
change. How do you deal with that? And | have one nore

fol | omup questi on.

BOYLE: Yeah, both points are well taken. It is a non-
linear system and a seem ng small change here could actually
|l ead to a big change el sewhere. And with respect to that,
and al so the coupling, you know, the interactions, | guess ny
answer woul d be is personally, I'mrelying upon the expertise
of the analysts. You know, they've done enough TSPAs up to

this point that they generally know what have been the nore
important things or not. So when they're |ooking at the
subsystem | evel and they don't see nmuch of a change in
whether it's seepage or sonething el se, they already know
fromthe prior calculations that in the bigger picture, well,
seepage doesn't meke that--you know, they know that they need
a bigger change in seepage to see it in dose.

And al so, on the interactions, | would rely upon
the expertise of people to do that, in the absence of an

exhaustive, you know, treatnment of all of them And so that
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gets back to the judgnent point you nade.

COHON:  Just to narrow it down, the analysts you're
relying on are the TSPA anal ysts, not the individual
subsystem scientists or Pls; right?

BOYLE: 1'd say both. They really do talk to each other
and interact together.

COHON:  Then my followp and ny | ast question, and now
|"mgoing to be tougher. Everything you' re doing is great.
|"ve sung your praises already. | won't do it again. It al
sounds terrific, but it will only really matter if you really
do all this, and then it gets used in whatever is presented

to the Secretary.

So the question is will the supplenental TSPA get
factored into, will it be part of SR?
BOYLE: Well, 1'Il answer that this way. | believe it
was shown on the slides this norning, that the SSPA, it's in

for certain, there's no doubt about it, it's being
considered. The other issue is, as Steve Brocoum said, we
spend a mllion dollars a day, and so we're going to continue

doi ng work on the uncertainties through the course of the

sunmmer .
And then it becones an issue of does that

subsequent work, like let's say we publish a docunment in

Septenber, and let's assune that the public comment period is

cl osed then, then we get to Judy Treichel's concern, if Judy
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is still here, now here is new information and the public

didn't have access to it. That's a tougher call as to how

that gets factored in or not, and | think that involves

peopl e senior to nyself, and the Ofice of CGeneral Counsel,

and things like that. But the technical work will go ahead.
COHON: R ght. O that |I'm sure.

But just to nail this down, has anything precluded-
-I"mtrying to figure out howto say this wthout too many
negatives in the sentence--the dose nunbers that the
Secretary will see, is it possible in terns of the schedule
right now that those nunbers will be based on the
suppl enental TSPA rat her than--

BOYLE: Yes.

COHON:  Ckay. Thanks, Bill
SAGJES: Dr. Parizek?

PARI ZEK:  Pari zek, Board.

You cane with sonme papers to the Secretary's
office, and only a few pages, and w thout you, what would he
get, or other people would get? You would have all these big
vol unes and all of the thousands of pages. You visualized
sort of a sinplified presentation to give the highlights.

The rest of us, what would we read, w thout you, because you
won't go everywhere?
BOYLE: Right, exactly. You know, there will be all the

AMRs and PMRs and everything else. | don't know anybody
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who's going to read themall. | don't know anybody that has.
And as you go up fromthere, you know, there's various
distillations. You can view a process nodel report as a
distillation of a series of AMRs, and up and up and up. And
in one of the discussions this norning, and naybe it was
Jerry King or Steve Brocoum nentioned | ook at the Executive
Sunmmary of the PSSE and the S&ER, science and engi neering
report. And Jerry nentioned we once had an overvi ew.
Per haps we'll have sonme other descriptive docunent. | don't
know. But | think the project is aware, depending on, |ike
you as a group, | would think would not--one or two pages
woul dn't be sufficient. Oherw se, the staff would go
through it too quickly, you know.

So your point is well taken, that dependi ng upon
whi ch group, which review group, which decision maker, but |

doubt that Lake would be satisfied with just the page or two

hi nsel f.

SAGUES: Dr. Nel son?

NELSON: Thanks, Bill. 1've got two questions that
woul d hel p me to understand the full scope of what's going on

her e.

W' ve asked in the past about the uncertainties
related to the fact the processes are actually three
di mensional, and are in nost cases reduced to a two

di mensional, or in sone cases, a one dinensional process, and
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rai sed questions about spatial variability. How has your
revi ew group addressed those fromthe standpoint of
uncertainty?

BOYLE: You know, |I'd have to ask Ralph. | don't know
if that was specifically treated at all. To rephrase the
question, is in the review of uncertainties, did people
specifically look at that if a nodel was two di nensional,
when in reality of course the world is three dinensional?

MR. ROGERS: Ral ph Rogers, MISI.

The answer to the question is we definitely |ooked
at that when we were review ng the docunents. But, renenber
what we did was | ook at what was said in the docunents. And
al so in answer to your question, there are sone places in our
docunentation where that issue is addressed quite thoroughly
actually, because it clearly is the case if you're going to
use a one di mensional nodel, that introduces sone
uncertainties.

NELSON: Well, that will be an interesting part of the
report to look at, is how you handl e the uncertainty
i ntroduced there. Thank you.

And, secondly, because you offered a couple of
cases where you showed sone of the seepage rel ated anal yses,
|'ve got a question about how that propagates through from
t he standpoint of seepage, not episodic, but seepage rate

consi derati ons.
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In the docunents that you're tal king about, would
we see, for exanple, the thinking that went on about changi ng
fromone flowng fracture spacing to another?

BOYLE: Yes.

NELSON: And the rational e behind that?

BOYLE: Onh, yeah. Yeah, | was reading those sections
over the last few days, and they're in Volune |I. And, for
exanple, on the episodicity feature, page after page of
di scussion, equations, and, you know, it's there if the staff
wants to go through it.

NELSON: Al right. Wll, the propagation of that is
that you' ve got nore seepage |ocations, which conbined with
some neasure of uncertainty about flaws in waste packages,
could actually potentially increase the likelihood of a
failure, because nore are being inpacted by the seepage.

And then follow ng that through, you've also got
the sane sort of a scenario on the exit of water in terns of
how frequently are those places where the flowi ng fractures
are below the repository. Are those connections nmade all the

way t hrough?

BOYLE: In general, I'd say yes. Wat | showed today
were |ike one-off derivatives, if you will, just changi ng one
thing. And if you actually look at I think it's pages 20, 21

and 22, you will notice the first failures are the sane in

every one of those horse tail plots, because the waste
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package wasn't affected by the change. So the waste package
per formance was al ways the sane.
So, in those plots | showed today, you won't see
t hat coupling together. But as all these changes, all those
Xs in the far right colum of those tables, as they're al
added in together, then they do, that's where the coupling
will take place, if you will. Like if sonmebody, when Rob
Howard gets up and tal ks about the waste package, if he
changed those properties sonehow, and its affected by an
increase in the nunber of seeps, but |ess seepage, well, it
shoul d be taken into account.
NELSON:  Thanks.
SAGJES: Ckay, we have about six minutes and three
gquestions. Dr. Bullen?
BULLEN: No pressure, Dr. Sagués. Bullen, Board.
Actually, this may be a little bit fundanental
com ng back to the changes that you nade in the PA anal ysis,

but it may also help nme understand if you nmake these kinds of

conparisons. | look at, for exanple, Figure 21, which you
just referred to, and | see that essentially the dose curve
is the sane. Ckay? | don't see any difference in the | ower
ri ght-hand corner.

BOYLE: Ri ght.
BULLEN: But |'ve changed sonething that you say is

essentially one effect is counter-bal anci ng anot her.
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BOYLE: Right.

BULLEN: And | guess the step that I'd be interested in
havi ng then wal ked through is to start with the TSPA-SR t hat
you gave | ast Decenber, Rev 00. Then you said okay, we've
nodi fied it with the unquantified uncertainties and
addi ti onal data and nodel updates, and so you' ve tw sted that
knob a little bit. And then you're going to take it again
and you're going to reduce it to a |lower thermal operating
regime, and you're going to twist that knob. But what 1'd
like to see are changes maybe in the inportant subsystem
nodel s, and you decide what's inportant, with respect to how
| woul d see those changes and understand them w t hout having

to worry about masking. And | worry about masking because,

well, you say it doesn't affect the waste package.
Well, of course, if the waste package |asts 10, 000
years, then I'mnot going to see the effect of if |I dunp all

the water fromthe nmountain or | dunp none of the water from
the nountain on it, if the waste package |asts 10,000 years,
| get the same dose.

What | would really like to see is howin the
subsystem maybe not taking it all the way out to dose, but
how in the subsystemdo | get, you know, "X' nore
radi onuclides or "X" | ess radionuclides because of the
performance associ ated with each of those steps, hot

repository, cold repository, on the subsystemlevel, so |
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don't see the masking. Because imediately when | see this,
| know you explained it as counter-bal ancing effects, but |
ook at it and say, well, it's nasked by the waste package.
So, I"'mtrying to figure out a way that you could
present it that we would understand it and see that yeah,
there is an effect, and we've got the effect managed. But in
t he grand schene of things, it doesn't matter because the
performance, the overall performance of the site isn't
conpromi sed. So is that too |ong and convol ut ed?

BOYLE: No, | think I get it. [It's a nunber of
responses. One is | believe that sone of what you're asking
for wwll be covered in Volume | of the SSPA, and isn't
covered here just because that's a thousand pages, and this
isn't.

But in those sections, each of the sections in
Vol une | always starts out with a description of what was in
Rev 00, and the changes made to it, including, you know, why
t he change was nmade, with sone exploration of, well, did it
make a difference, and where. And although this may be
maski ng by the waste package down here, here is a subsystem
you know, paraneter, and this was on the other charts as
well. You know, we're not tal king dose. W do show that
that's an order of magnitude difference in flowrate, a
decrease, but it is masked or cancelled, it's cancelled by

sonething else | didn't plot on here at all. | just, you
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know, nentioned and that's because although there is this
decrease, there were many, many nore of them

BULLEN: Thank you.

SAGUES: W're going to have to move fairly quickly
here. W have a question by Dr. Runnells.

RUNNELLS: Runnells, Board.

On your Slides Nunmber 9 and 10, Bill, if we could
just ook at those? Down a third of the way fromthe bottom
there are coupled effects on UZ flow. There are Xs in two
boxes on the left colum, and no Xs on the right col um.

BOYLE: Right.

RUNNELLS: Now, if we could have Slide 10, those are the
coupl ed effects on the nountain scale that we just | ooked at.
Again, at the top, there are coupled effects on seepage.

BOYLE: Right.

RUNNELLS: O the three, there are only--there are two
that are blank in the right-hand colum, and thernma

hydrol ogi c effects on seepage does appear on the right-hand

col um.

BOYLE: Right.

RUNNELLS: That's one in six of the couple effects that
was carried into the supplenental analysis. Could you

explain that?
BOYLE: Yeah, why one of six?
RUNNELLS: Right.
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BOYLE: Yeah. | don't know off hand. Perhaps Bob
Andrews or Rob Howard renenbers why these were propagated but
not the other ones.

RUNNELLS: | notice in particular the chemcal effects
are not propagated, and there are those who believe, you
know, that chem cal effects could be quite inportant in
opening or closing fractures, and so on.

BOYLE: Right.

ANDREWS: This is Bob Andrews, BSC.

Goi ng back to the first ones on the nore regional--
regional is probably a bad word--but |arge scale flow
effects, mountain scale flow effects caused by coupl ed
processes, it was determ ned in those anal yses that the
changes in the flow fields, which is what that's getting at,
are fairly short lived and are fairly local to the drifts.

So the need to consider the larger scale, if you wll,
changes in flow fields associated with the coupl ed processes,
they were nore, if you will, driven by the boundary
conditions than they were by the thermal chem cal, therma
nmechani cal effects, boundary conditions being infiltration,
and that infiltration change with tine.

When we cone to the smaller scale effects of
coupl ed processes, the focus was on those short-term
transients, the first thousand years or so, and its effects

on seepage, in particular, to get at an issue that was raised
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in the Rev 0 nodel where a very conservative assunption was
made on incorporation of that thermal hydrol ogic effect, and
| think Mark or sonebody alluded to it this norning, of
taking the percolation five neters above and applying that to
a |l ocal seepage nodel. So we wanted to focus in on that one,
because it did raise a lot of questions in the Rev 0 anal yses
and nodel s.
And, quite frankly, those next two were very

difficult. The actual coupled effects on seepage, both the
t hermal hydrochem cal effects and the thernmal hydromechani ca
effects, there are anal yses that are being worked on right
now that are going to go into Volune I, as Bill points out
there, but they're in some ways nore qualitative than
quantitative. There's still considerable uncertainty
associated with that, and that uncertainty is being described
in somewhat nore qualitative terns and its potential effects
on seepage rather than in a full quantitative fashion that's
incorporatable, if you will, into a performance assessnent.

SAGUES: Thank you, Dr. Andrews. Thank you, Dr. Boyle.
We're going to have go on to the next subject here, which is
Per f ormance Assessnent, the Natural System and this is going
to be a two-part presentation. The first one is going to be
given by Dr. Saxon Sharpe, and she's going to address the
guestion of what is the long-termclimte nodel, and what it

is based on. And then Jerry McNeish is going to take up that
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guestion and the foll ow ng questions which are listed in our
progr am

Dr. Sharpe?

SHARPE: Ckay, thank you.

Well, just before we convened for this afternoon,
soneone said to me, oh, you're going to tal k about the
weather. So that's what 1'I|l be doing. The future climte
nodel goes out to a mllion years in the future.

And what's in the report? Ckay, first of all, it
identifies four potential future climate states, the
interglacial state, which is the nodern state that we're in
right now, glacial state, internedi ate/ nonsoon state, and
intermedi ate state. And these different climate states are
listed in the back of the material on Pages 19 through 22 to
gi ve you the analysis of what each of these states involves.

Secondly, it estimates future climate timng and
duration of the different climte states, and then it
estimates the annual tenperature and precipitation based on
nodern neteorol ogi cal stations, which we call anal og sites.

They are input into the performance assessnent, and
they utilize fundamental know edge wth little, if any,
abstraction, and they' re based upon three things that I'll be
tal king about in sequence. One is past clinmate states and
their magnitude. Secondly, the Devil's Hole chronol ogy and

celestial nmechanics. And, third, nodern neteorol ogica
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stations that represent past clinate states.

First, | want to conpare this with the previous
AMR, which went from present to 10,000 years in the future.
This was done by USGS, Rick Forester. And the difference
bet ween the two nodels, basically USGS says that we're in a
nodern climate state frompresent to about 600 years in the
future, and | say that we're noving into the nonsoon clinmate
state. And I'Ill talk about these in a m nute.

| want to junp down to the glacial climate state.
USGS estimates 30,000 years in the future to 50,000 years in
the future will be our first glacial state, and | cone up

with 38,000 to 49, 000.

Now, this nonsoon and internediate climte state,
it looks like there's a fair anount of difference here, but
this is an artifact of how | included the nonsoon climate
states. |If you |l ook back at the paleo environnental record,
which is the Ovens Lake record fromCalifornia that 1'll be
tal king about a little bit later, there are bursts of

nonsoonal activity, and that's increased, summer
precipitation, that conme into the record maybe for 200 to 300
years. One of themlasted 2,000 years, but nostly these are
very short climate intervals. And so the way | included
them so that it could be nodelled, would be to include two
1,500 year nonsoon climate states within this internediate

climite state, and | just broke it up as a conservative
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estimate. So that's what the difference is right here

bet ween these two, and hopefully 1'Il be able to convince you
that it's not significant when you actually | ook at the
infiltration nmodel. And | think Jerry has a slide to talk
about that.

But, essentially, the difference here is that the
USGS says that we're going to have sonetinme in the next
30, 000 years, 1,400 years of nonsoon climate, and | say
wi thin the next 38,000 years, we're going to have about 2,000
years.

The assunptions and uncertainty and potenti al
factors not considered and the timng nethodol ogy are part of
your handouts, and these are at the backup section, and |
just don't have tinme to go into those during the main part of
my tal k.

Both of the reports use |ocal and regional paleo
environmental records to determne climate states and the
magni tude of those climate states. And the different pal eo
environment al datasets, we're really lucky in Southern
Nevada, we have a nunber of long-termreally good records.
One is the Omens Lake record fromCalifornia. That
essentially records Sierra and snow pack, and what Ownens Lake
isis a proxy for Sierra and snow pack, which is a proxy for
regi onal climate signal

Veget ati on and packrat m ddens, that's a robust
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dataset, and that essentially gives us a magnitude, and it

al so gives an anchor point in that we were able to anchor
tenperature and precipitation with the last glacial state
fromthe vegetati on and packrat m ddens. Death Valley has a
nunber of |ake shore |evels, and those can be used, and then
mar sh deposits in the Las Vegas Valley are used to calibrate
hydrol ogy and also to | ook at tenperature.

So, in ternms of the different clinmate states, we've
got increasing tenperature on this axis, increasing
precipitation up here. These are the glacial states. W
cane up with three different magnitude gl acial states, and
"1l be tal king about those in a mnute, and these are
essentially determned fromthe ostracode record in the Onens
Lake core, which goes back 800,000 years. So these are the
two glacial states, internediate state, which is kind of a
catch-all state. This is the interglacial or nodern state
right here, and then the nonsoon state up here.

Now, this graph also shows effective noisture in
that. Effective noisture is a conbination of tenperature and
preci pitati on where you have greater effective noisture here,
where you have greater precipitation, and | ess tenperature,
and |l ess effective noisture here, with greater tenperature
and | ess precipitation. So it's kind of a continuum

Notice that in our nodern climate, we are in a tine

of least effective noisture out of all of these clinmate
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st at es.

So you put these clinmate states into a sequence.
This is the interglacial or nodern state here, that's kind of
an end nmenber, this is the glacial state here, the other end
menber. We've kind of lunped the other climte states into a
catch-all internediate climte on both sides. So you've got
interglacial, and it noves into an internediate climte, and
then a glacial, and then an internediate climate.

For the nodeling purposes, because the nonsoon

intervals are very, very short, | put those into this
internediate climate state, although there are al so nonsoons
in this one. But, again, this is about, in the Onens Lake
record, it's about 2 per cent of the tinme, so | figured about
3,000 years total nonsoon, and put those in two 1,500 year

[ unps right here.

So the four climate states that I'll be talking
about and that Jerry will be tal king about would be the
interglacial, and then this internedi ate/ nonsoon state,
gl acial state, and then the internedi ate state where no
nonsoons are nodelled into this part.

This is a real brief over-sinplification of the
climate states, but in ternms of the performance assessnent,
it's adequate and it represents the different climte states
and changes.

kay, the second dataset, this is the Devil's Hole
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chronol ogy, and the celestial nmechanics. | had to put
everything on this graph. Wat we have here is tinme on the
bottom this is 500,000 years before present, and 250, 000
years before present. The red line with the dots, this is
the Devil's Hole record, this is oxygen isotope curve over
here, essentially |ooking at groundwater recharge, and it
signals the glacial and interglacial periods.

The orbital parameters are graphed on this side.
This is eccentricity. It's on about a 100,000 year cycle,
and four of these nmake up a long eccentricity cycle, which is
a 400, 000 year cycle. And precession is the blue line here.

That's about 19,000 years to 23,000 year cycle.

And if you look at this | ong enough, you can see
that there is a pattern with the double cold cycles and the
orbital paraneters, and essentially kind of the pattern,
that's on the | ast page of your handout, and | don't have
time to go into that, but kind of what you're |ooking at
here, these are the interglacials, these peaks up here, and
these are the glacial states down here. So we've got the
interglacials happening. The I's are the initiation of the
trend that goes toward a glacial period. So, essentially,
these sort of the Iines in between the two, those are al
transitional climates.

|"ve put on the oxygen isotope stages. These are

designated from deep sea cores. They're found in pal eo
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envi ronnmental records worl dw de, and these just designate the
gl aci al s.

So, essentially, we have the Devil's Hole
chronol ogy which defines the timng of climate change. It's
an ironclad chronol ogy, an excellent record. And then by
conparing the Devil's Hole chronology with celestial
mechani cs, you can determ ne past correlation.

This is the second part of the Devil's Hole record
because | couldn't fit it all on one graph, 250,000 years ago
to present. Devil's Hole record ends about 60,000 years
before present. W're anxiously awaiting the rest of the
record when it gets published.

Again, glacial period here, glacial period here,
interglacial up here. Essentially, where we have these
initiations, the timng works very well with the precession
paraneter. It's within about 2,500 years fromthe tinme we
nove froman interglacial, noving toward a gl acial period.
So that's actually a pretty close correlation.

Essentially, what this analysis does is take the
| ast eccentricity cycle, which is 400,000 years ago to
present, and | ook at the Devil's Hole record and the orbital
paraneters, and find that correlation, and then that can be
tested wwth the penultinmate eccentricity cycle 800,000 years
ago to 400,000 years ago, because the |ocal and regional

records in Southern Nevada are good and show t hat.
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Essentially, this does seemto work. This timng
nmet hodol ogy that's on the | ast page does work for the
previ ous eccentricity cycle.

The third thing using nodern neteorol ogi cal
stations as future climte anal ogs, and these were based on
nodern atnospheric circul ation patterns, and then past
at nospheric circul ation patterns, geography and past and
nodern ostracode and di at om occurrence, and that's fromthe
Onens Lake record. And the nodern stations define the
climate history, essentially tenperature, precipitation and
snow cover, for inputs to the perfornmance assessnent.

These are where the stations are located. | should
say that for uncertainty, we came up with upper and | ower
bounds for each of these climate states. So the nodern
climate state would be the regional records around the Yucca
Mountain area. The nonsoon climte state, which is the next
state up with greater effective noisture, the two southern
stations here, because essentially you get Gulf nonsoonal
flow presently, and that's probably what happened in the past
for these nonsoon period, and so these woul d be the upper
bounds for the nonsoon state, and Yucca Mountain is the | ower
bound for the nonsoon state, as it is also the interglaci al
climte.

For the internediate clinmtes, those transition

climates, these sites in here for a | ower bound, and then the
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Spokane, Rosalia and St. John sites in Washington for an
upper bound. And then the stations all up here, including
these three, were used as the different upper and | ower
bounds for three different glacial states.

These are the estimated tenperatures for each of
these climate states. The tenperature on the bottom here,
increasing going up this way. Modern climate here is Yucca
Mount ai n, and you can see that this is the | ower bound for
t he nonsoon state. Here's the upper bound. And,
essentially, this graph is the same one as the one with the
circles. Lower effective noisture here, greater effective
noi sture up here.

So, nonsoon state, when you nove into greater
effective noisture, this is the internediate climte states
here, the three glacial states are this one, this one and
this one in the dark blue. The three states that we canme up
with, we came up with a warm wet gl acial state here, and
these are the oxygen isotope stage anal ogs that we found in
the past that we've projected into the future.

So this one is the wvarmwet, 8/ 10, this is the cold
dry, and then this is the one with the nost effective
noi sture, the 6/16.

The thing to take away fromthis graph is
basically, all the values are wetter and cool er than nodern

val ues, except for this one right here, and the cooler wetter
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val ues were used in the infiltration nodel for a conservative
esti mate.

In terns of trying to validate this type of climte
nodeling, | took the Omens Lake record in this mddle pie
chart, and just added up the ostracode occurrence, because
they're very sensitive indicators of hydrol ogy, and Oaens
Lake is linked to climate so, therefore, they are a clinmate
i ndi cator at Owens Lake. 22 per cent of the tine, glacial
ostracodes were found; interglacial, 18 per cent; and then
i nt er nedi at e/ nronsoon ostracode, 60 per cent of the tinme. And
this is actually both the internedi ate/ nonsoon climate state
that goes frominterglacial to glacial, and it's the
internediate climate state that goes fromglacial to
interglacial. Monsoon is only about 1 per cent of the tine
inthis time period.

So, conparing it to the past and the future, these
percent ages were based solely on the orbital paraneter data,
the little rosetta stone that's on the | ast page of the
handout, and they conpare fairly well with 24 per cent
glacial; 19 per cent glacial; conpared to 22 per cent; 12 per
cent; 18 per cent; and 14 per cent; 64 per cent and 60 per
cent and 67 per cent.

So the internediate, it's internedi ate/ nonsoon and
internediate climate state is by far the nost common climte

state in both past and future, and the interglacial or the
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nodern climate state is the |l east comon. That's this one up
here. And it has the |least effective nmoisture relative to
the other climte states.

So, | think this is a pretty good approxi mation
just in terms of total duration for the performance
assessnent .

This is ny last slide. 1In terns of the summary, |
wanted to just | ook at the glacial states, because these are
the ones with the nost effective noisture, and these are the
ones that would potentially affect infiltration the nost.
This is the oxygen i sotope stage analog, so this is the cold
wet glacial, the warmwet glacial, and the cold dry gl acial,
and these estimates, | used nodern at Yucca Muwuntain, 15.4
degrees, and 189 mllineters.

These are the estimated precip, both upper and
| oner bounds, and tenperature. And in terns of departure
fromthe average, with the cold wet, it |ooks Iike we've got
130 to 325 mllineter increase over nodern. For warm wet,
240 to 350 m|llinmeter increase over nodern. And 55 to 130
mllinmeter increase over nodern. And the tenperatures were
much colder, 11 to 15 degrees; 7 to 8; and 8 to 11, and these
seemto be corroborated with other paleo environnental data
from Sout hern Nevada.

So, that was the long-termclimte nodel, how it

was devel oped, and the results, and the foll ow ng pages in
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your handout, the big charts, | won't put up here. But they
tell you the timng and duration of the different climate
states. So that's the climte sequencing that was used for
the TSPA, and that's the subject of the next presentation.

SAGUES: Thank you, Dr. Sharpe.

We are going to go--1 guess that Dr. Nelson is very
eager to ask a question.

NELSON: Nel son, Board.

Are there no unconformties in the geologic record
that open up gaps that aren't explained by ostracode history?
Are there any opportunities for uncertainty because of
uncertainties in the geologic record, say at Omens or
el sewher e?

SHARPE: Right. Just |ooking at the Omens record, there
are gaps in it. There's also the timng is not really well
wor ked out for the Omens record. But those gaps are filled
in by other datasets, such as the m dden record, pollen
record, you know, just different datasets. So you're kind of
conpi ling these together, but yes, there are gaps.

NELSON: Ckay. Are those gaps explained geologically as
to why the unconformty occurred?

SHARPE: In ternms of the Onens Lake record, periods of
very dry climate or saline |l ake, if you got a desiccation, it
could deflate. There are periods where different playas and

areas in Southern Nevada that had | akes defl ated and that
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record is lost. There are also shorelines that have been
lost. So, there are a |ot of gaps in the record.

SAGJES: In the interest of ensuring that Jerry MNeish
has an opportunity of presenting his entire presentation,
we're going to defer further questions until after Jerry
finishes his presentation. There's plenty of tinme?

kay, very good. So then we're going to entertain
addi tional questions right now Dr. Knopman?

KNOPMAN:  Thank you, Al berto.

On Slide 3, you do a conparison between your
scenarios versus the survey's. And let's just |look at the
last line for the glacial climte state, you explain you have
this difference. Do you nmean to suggest by this chart that
there are effectively no error bounds on those intervals, so
that there's truly statistical significant between, let's
say, 50,000 and 49, 000, or even the 30 to 38,000? 1Is there
t hat much precision?

SHARPE: No, there's no way there's that nuch precision.

KNOPMAN:  So what really are the bounds on those?

SHARPE: | tried to come up with estimtes of error, and
there's no really good way to do that. | was able to
estimate errors within the entire glacial cycle, but in terns
of looking at this, or if you, you know, |ook at the charts,
you know, just | guess after Page 11, there's no way to cone

up with error estimates on that. That's why we used the
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upper and | ower bounds and different clinmate states.
Hopefully, that will be enough of a conservative estimate to
give us a good indication of what infiltration will be in the
future

But, no, there's no way I'mgoing to say that we've
got this starting, you know, the first glacial is 38, 000.
It's a best guess. Plus, there are so nmany ot her
uncertainties in the climate systemthat there's no way we
can predict that that's adding error on top of this error.
So, yeah, it's a guess.

KNOPVAN:  Ckay. Well, it would seemto ne this is
particularly inportant potentially in the thermal regine of
the repository operations, starting a couple hundred years
fromenpl acenent, to 2,100 years. And if you could either be
in a nonsoon climate state, | nmean, there's pretty
significant differences, and maybe actually it would help if
you could just explain to ne where we could be in ternms of we
could be in ternms of we could potentially be in a glacial
war m wet peri od?

SHARPE: Ri ght .

KNOPMAN: I n that thermal period, or that would cone
much | ater?

SHARPE: The next, you know, as best as | could tell,
the next glacial period would be starting about 38,000 years

ago, and it would be the warm wet.
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be i ncreased

KNOPMAN: 38, 000 years?

SHARPE: |'msorry, 38,000 years in the future.

KNOPVAN:  Ckay.

SHARPE: And it would be the warm wet.

KNOPVAN:  Ckay. But what would be ticking in
potentially 600 years fromnow is which one here?

SHARPE: It would be either very close to nodern or
maybe a spurt of nonsoonal activity, which would
under showers in the sumrer. | know Jerry has a slide that
shows the infiltration, and really the nonsoonal

infiltration

is really kind of just a little blip. The real big

infiltration estimates are for the gl acial s.

KNOPMAN: 1"l just wait for his presentation then

Thank you.

SAQJES: Dr. Parizek?

PARI ZEK:  Pari zek

Boar d.

VWhere in all of this is the fossil fuel

t housand years? | nean,

records which are pal eo

story for a

it seens |ike you' ve gone with

records to calibrate al

of this.

But then if we have global warm ng, as we think man is

i nduci ng gl obal war m ng,
her e?
SHARPE: No, that i
PARI ZEK:  Shoul dn' t

what to do with a thousands years?

is that in here, or is that not in

s not in here.

it be in here? O would you know

Wuld it be warner and
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wetter, or warner and drier?

SHARPE: That's really inpossible to say. | nean, |I'm
not trying to cop out on this, or anything. The thinking
previously was that if we have global warm ng, that wll nake
everything warner. And now there's sone papers com ng out,
and there are sone papers being witten and papers in press
that indicate that if we have gl obal warm ng, that could
actually kick us into an ice age sooner.

And the way that would work woul d be essentially
you' ve got the heat transport that goes up to the poles.
Wth gl obal warm ng, you would get nelting of the ice sheets,
whi ch woul d then give you greater depth in the shall ow seas,
and in the Pacific. Wth those shallow seas, there's nore
water to warm and you get greater vapor transport going up to
the poles, and you've got to, to grow ice sheets, you've got

to get that water up to the high latitudes to grow the ice

sheets.

So theoretically, global warm ng could take us into
an ice age, but the jury is still out on that. Essentially,
conput er nodel s have not been able to generate ice ages. W

don't know how the climte systemworks. W just don't know
wel | enough to be able to predict that.

PARI ZEK: It's in the context really of whether one
shoul d worry about a thousand years of nodels, you know, in

terms of performance assessnent, or not, assum ng you' d put
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hi gher nunbers in or not. You've sort of caught it by
calling it nonsoonal earlier, | guess; right?

SHARPE: Ri ght .

PARI ZEK:  Well, it's in your nonsoonal

SHARPE: Yeah, it's in the nonsoonal, and we w |
probably have, you know, the interglacial with these little
intervals of nonsoon, and they're probably going to be, you
know, a couple hundred years. They're not going to be this
huge 1,500 year chunk that | suggest could go in the nodel
But for nodeling purposes, | thought that that was a
conservative estimate, and so that's how | broke it up |like
t hat .

PARI ZEK:  Okay.

SAGUES: Very good. We'll continue with the next
presentation. Jerry is going to introduce also the rest of
t he sub-questions on the performance assessnent, natural
systemissue at the end of his presentation.

MC NEI SH:  Yeah, ny name is Jerry McNeish, and |I'm one
of those Barbarian Scots that Abe was tal king about. And,
actually, I wish, like those Lake guys, that we have 60, 000
years to put out our docunents. | nean, that woul d be great,
publ i sh our dat a.

|"mgoing to talk today as a followon to what Dr.
Shar pe has already presented in ternms of the technical basis

for long-termclimate, 1'"'mgoing to talk about how that is
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i npl emented into the TSPA, how it's abstracted, and then try
to answer the remaining climate questions that are on your
agenda.

As an overview of ny presentation, first 1"l
qui ckly go through the questions that were rai sed about the
long-termclimate, and then talk briefly about the nom nal
case climate nodel, and then sone detail about the extended
climate nodel. And then in ternms of results, 1'"'mgoing to be
showi ng a case to show what the extended climate effect is on
the nom nal case and the peak dose.

And then these |ast three points, what the inpacts
are on the igneous intrusion, sensitivity studies, and then
on multiple barriers and defense-in-depth anal ysis.

Basically, |I don't have any new results in that area. |'I|

talk briefly about that, but just to give you the punch |ine

for those in advance, | don't have any new results there.
So the mmj or questions basically are simlar to--
Dr. Sharpe has given the technical basis. And then this is

the area where I"'mgoing to be presenting sonme results. Wat
are the effects of the nodel when you don't incorporate a
reduced neptuniumsolubility into the nodel along with the
climate change. So, in effect, just | ook at the nom nal case
for the TSPA Rev O ICN I, and do an extended climte case on
that particular result and see what happens, rather than

i ncorporating also the neptunium solubility reduction, which
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is what was presented in the TSPA-SR docunent. And then the
ot her two questions about what additional effects this
climate has on the sensitivity and nmultiple barrier analysis.

Dr. Sharpe has given the durations and ranges for
the various climte states, and ranges of tinme, and then al so
given us the precipitation ranges and tenperature ranges for
the various climte states.

And in TSPA, we've abstracted that information.
mean, she had several pages listing the different clinmate
state changes, and we don't incorporate all of those
basically for conputational reasons. So we consolidate the
overal |l nunmber of climate changes in the TSPA

And as she nentioned, we utilize a conbi ned nonsoon
climate state and internedi ate, rather than having
i nternedi ate, nonsoon, internediate, nonsoon sequencing. And
we' ve eval uated the effect of that previously, and found it
makes sense and it's relatively conservative to go ahead and
do that consolidation

We don't have any variability in terns of when the
climate states start, so we've basically used the nunbers
that Dr. Sharpe came up with. And as she nentioned, she
provi des a range of precipitation values and then we
di scretize that in the TSPA into | ow, nmedium and hi gh case,
and then sanple off of those during the TSPA anal yses.

Now, just to |ock onto the TSPA nodel itself,
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you' ve probably seen this TSPA wheel before show ng the major
conponents in the TSPA nodel, starting with unsaturated zone
fl ow, going through EBS environnent, waste package, waste
form and on through the systemto the biosphere. And this
al so shows the sub-nodels within each of those major
conmponent s.

So what we're tal king about is clinmte, and you'l
see it's basically at the top of the systemaffecting UZ
flow So if we go up the Uz fl ow conponent to see, you know,
what are the subconponents in there and how are they
i nfluenced by the climate, you can see the climte here which
provi des us the precipitation and tenperature, and then that
is fed into the infiltration nodel to devel op the
infiltration maps that are used, the infiltration maps of the
repository region. And that affects, obviously, the nountain
scal e flow cal cul ations, thermal hydrol ogy, and then
ultimately seepage into the drifts.

The next slide shows just a review of the nom nal
case climate, and this is--you know, Dr. Sharpe has presented
an update on this, but this is what is in TSPA Rev 0, ICN I.

For the first 600 years, we nodel the interglacial or nodern
climate state, and then went into an internedi ate/ nonsoon
climate from600 to 2,000. And then from 2,000 on, whether
we were doing a 10,000 year simulation or on out to a mllion

years, we assunmed an internediate climate. And this is the
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basis for what we're tal king about now, how do we discretize
beyond 10,000 years in ternms of the overall climte state?

The extended climate nodel for each climate state
provi des a range of precipitation values, |ow nedium and
hi gh. Those are shown over here in this chart, with
precipitation on this axis, and each of the different clinmate
states identified here, the nodern, the internediate/ nonsoon
climate state, internediate, and then going into the three
glacial climate states, which are identified by the gl aci al
state.

And then that precipitation information is fed into
the infiltration nodel to develop the overall infiltration
maps. And, |ikew se, they have a | ow, nedi um and hi gh case,
with the averages shown here. (Obviously, there's sone
spatial variability in those infiltration maps. | think it's
primarily dependent on elevation. But this information is
all based on the analog information that Dr. Sharpe presented
earlier.

The next slide provides sone additional information
about the extended climate states, the four major types of
climate states that Dr. Sharpe tal ked about. And in our TSPA
nodel , we used a total of 45 different climte changes from
10,000 years out to a mllion years. And these charts show
first the zero to 10,000 year infiltration averages for the

three different clinmate states that we had in the 10,000 year
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nodel , and then the bottom chart shows from 10,000 out to a
mllion years, all of the cycles in the climate.

An inportant thing to note is these spikes,
basically where we have the glacial climte states, those
are--you're going to see those on the dose results that |
present a little bit later.

Another thing | wanted to nention is in the
extended clinmate nodel, we didn't do any new therma
hydr ol ogy because you see the major--the first mgjor climte
state change after 10,000 years is this 38,000 year one, and
that's basically after the thermal conditions have gone back
to anbient.

Al so, the seepage was altered for each of these
different climte states, even though it wasn't thermally
perturbed, it was altered based on the increased
infiltration

The next slide shows the map that Dr. Sharpe has
al ready presented, but basically, the three main | ocations
where we got the information for the newinfiltration maps
that were inplenented in the TSPA nodel

The ratio of infiltration to precipitation ranged
from6 per cent to 21 per cent for these newinfiltration
maps that we developed. Now, if you're thinking, you're
going, well, they've got three new glacial climtes, but

you've only got four new infiltration maps. Wat's going on



203

there? And this is TSPA abstraction at its best.

We | ooked at the overall ranges in those new
gl acial states, and we said okay, where do we al ready have
exi sting maps that are conparable that we can use to reduce
t he overall work |oad, and so we've chosen, in sone cases,
we' ve chosen a map that we had in our earlier climte stages
to fit in, maybe one of the |low or nmedium cases for these new
gl aci al states.

So along with the four newinfiltration maps, there
were four new unsaturated zone flow fields devel oped, and in
terms of the saturated zone inpact fromthese climate
changes, the water table el evation was increased by 120
nmeters for the wetter future climtes, which basically is al
except for our very first climte state, that zero to 600
year tinme period.

And based on this increase in the water table,
obviously there's a change in the hydraulic gradient in the
saturated zone, and so we have sone saturated zone fl ux

multipliers that are based on the increase in the

infiltration. This was devel oped utilizing the 3-D saturated
zone nodel. It was based on matching up the 3-D saturated
zone nodel with those new gradi ents.

So, basically, we've gotten new precipitation and
tenperature information, and that has literally flowed

through to infiltration and updated unsaturated zone fl ow
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fields, and through the engi neered barrier system seepage and
on down to influence the saturated zone.

Now, getting at the second question that was asked
about the long-termclimate, this slide basically tries to
answer the first part of it, which was what is the effect of
this climte change on the dose, the nom nal dose, and al so
on the peak dose for that particular case for Rev O ICN I.
And on this, | guess in your handouts, many of you have a
bl ack and white handout, so you may not be able to see this,
but the snoot hest curve under here, the black curve on this
slide, is the nomnal case. In the TSPA-SR Rev 0 ICN I, we
presented this blue curve, which is both the climte change,
as well as the updated neptuniumor actinide solubility
i nformation.

And t he question was asked, well, what if you just
take the nom nal case and change the climate? And so that's
shown here in the red, and you can see, you know, obviously
the dose is a little bit nore jagged, representing when you
have a change in climate. And primarily, you see the effect
of flushing out of the unsaturated zone as you get an
imediate rise in the water table.

The nean peak dose increases by approximtely a
factor of two at about 250,000 years. And another thing
that's inportant to note is that first climate change in here

has little effect because that's a tine when we still have
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basically just diffusive rel ease out of the waste packages
because they're mainly just cracked. There aren't |arge
pat ches open in the waste packages. So we're not seeing a
| ot of advective release at that tinme, and so your additional
infiltration doesn't increase the dose that nuch

The next slide goes into a little nore detail on
the neptuniumitself, just showi ng the nean dose rate for
neptuniumw th time, and again, the snoother curve, the black
curve, is the base case, TSPA Rev O ICN I, and then the red

curve shows what happens if you throw in the |ong-term

climte.
Agai n, the peak dose rate for the neptuniumis
i ncreased by about the sane rate as in the total dose case.
This | ower plot shows the sanme thing, but here's
t he base case for neptunium and then what was presented in

the TSPA-SR Rev O ICN |, which incorporates the secondary
phases, or the reduced actinide solubility, and that's the
reddi sh curve. And then on top of that, go ahead and put in
the extended climate nodel, and you get, you know, a simlar
j agged response.

So, you know, the top curve here is basically what
we call a one off, where this one, this analysis was a two
off, and so we're trying to clarify what happens with the one
of .

The next slide begins ny sequence of we haven't
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done that, we haven't done that yet. The second part of
Question 2 was dealing with the igneous intrusion scenario.
The anal yses were conducted for 50,000 years in the TSPA Rev
O ICNI, and as we've noted, our first climate change in this
extended nodel is right at 40,000 years. But we were really
focusi ng on 10,000 years, so we weren't too concerned about

t hat climte change.

Anot her point to bring upis if we were to
incorporate the climte change here, it's not expected to
affect the conbi ned dose, because at that point, the dose is
really dom nated by the nom nal dose, not by the igneous.

And anot her point, | guess in your Amargosa neeting
in January, you were shown sone other igneous results, and
these results are weighted by the probability of occurrence.

They're not the conditional doses that you saw in your
January neeting.

The next slide is regarding the sensitivity
anal yses and how does this extended nodel affect the
sensitivity analyses. Again, we haven't conducted any
addi ti onal analyses. As Dr. Boyle nentioned, we are in the
process of creating a supplenental nodel which will have a
| ot of new information and be able to do the therm
eval uati on.

And once that supplenental nodel is conpleted, then

we intend to do sone additional sensitivity anal yses. But we
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don't expect the overall conclusions to change, you know,
based on this climte nodel, just because we've already found
out the inportance of seepage and advective rel eases, and
whil e we expect the doses will go up when those climte
changes occur, the overall sensitivity of the paraneters
isn't expected to change.

The next slide shows the sane sort of answer. W
haven't done any additional analyses in this area, but we
intend to once we get the supplenental nodel finalized. The
i ncorporation of the extended climate into this type of
anal ysis also is expected to obviously increase the dose. |If

we don't have a waste package and we throw nore infiltration

in there in a, you know, barrier analysis, then obviously
we're going to get increased peak dose. But overall, we
don't think it will change the relative inportance of the

barriers thensel ves.

So, in summary, the Rev O, ICN 1 of the TSPA
nom nal case climate, it assunes constant climte beyond
10, 000 years. It has three changes before 10,000 years, but
beyond 10,000 years, it's constant.

The extended climate nodel that we devel oped has
four different climate states, as Dr. Sharpe nentioned, the
interglacial, which is the nodern day climte; the
i nt er medi at e/ nronsoon; the glacial; and then another

intermediate, if you' re going around the horn. And there are
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three types of glacial cycles, as nentioned already.

We inmplemented 45 different climte changes from
10,000 years out to a mllion years in the TSPA nodel that
had a range of infiltration values, but the start tinme for
each of those changes was fi xed.

And incorporating that extended climte nodel into
the TSPA Rev O ICN | gave us a factor of two increase in the
peak dose at late tinme. And then, again, in ternms of
additional sensitivity analyses and nultiple barrier
anal yses, we haven't done any at this tinme, but we intend to

over the summer after we've conpl eted the suppl enental nodel

| wel conme any questions that you m ght have.
SAGUES: Thank you very nuch. Any questions? Dr.
Bul | en?
BULLEN:. Bul |l en, Board.
| f you could go back to Slide 16 where you talk
about the barrier analysis? | guess the question that | have
is you noted in the third bullet that incorporation of the
extended climate into the existing barrier inportance

anal ysis is expected to have increase in the peak dose, but
not change the relative inportance of the barriers. And |
guess the question that | have deals with the fact that if
you have the 120 neter rise in the water table in the 600
year tinme step, when that first clinmte change can occur, do

t he waste packages and drip shield know that the water is
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down there? Does the water know that the waste packages are
there? And in your thermal analysis, do you have the
nmobi li zati on of nore water fromthe water table up, as
opposed to percol ati on down?

MC NEI SH:  No, we don't. | nean, we tal ked about that
earlier today. W haven't done that analysis where your
t hermal cal cul ati ons see that water table rise.

BULLEN: Ckay. | guess the concern that | have, or the
guestion that | have is that at one point |ong ago, Tom
Buschek was actually noving water up with the heat in his
heat transfer calculations, and | wondered if those effects
woul d actually be nore prevalent or nore applicable if you
actually have the water table rise closer to the waste

packages while they're in the thermal pul se phase. And I

guess how wi |l you address that, | guess is the question?
MC NEISH: Well, | hate to sign up for nmore work, but it
sounds like an issue that we need to do an anal ysis on.

SAGUES: At this point, | would like to recognize the
presence of Dr. ke Wnograd of the United States Ceol ogi cal
Survey, who was instrunmental in establishing the early phases
of the concept of Yucca Muwuntain as a potential repository.
And perhaps Dr. Wnograd would |ike to comment on these
I Ssues.

W NOGRAD: | ke W nograd, USGS.

The work just presented | had not seen until just
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now, and Saxon Sharpe faxed her work to me on Friday, which
got to |l ook at on Monday after reading Dick Forester's AVR
and Jerry's work |'ve just seen.

| have a few comments. First off, this work is an
order of magnitude superior to what appeared in the VA, In
the VA, you recall, the climate states were interglacial,
which with a step function, went up to glacial, which | asted
90 per cent of the time, which then, with a step function,
went up to the superpluvial, and then back down, and everyone
working in climte knows of course that in the average, we're
in sone state between these extrenes. So this is a major
step forward, and | commend all of you for this.

| think Debra Knopman was--said something | was
going to say if called on, which is that on those tables, |
woul d round everything to one significant figure as quickly
as possible. Tonorrow afternoon, Saxon and | are going to
get together and go over sone details. The qualifications
that can be made, and | think should be made to this new
effort, which | commend you for, | think it's a step forward,
but recognize that the field of paleo climate is, as we were
tal king at lunch, the half life of ideas in this fieldis a
few years to a decade perhaps, and if you want to be
convinced of this, |look at an essay by Richard Kerr in the
April 27th issue of Science, that's two issues ago, and

showi ng how thinking flip flopped on the role of the tropics
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just in the last few years.
So, it's a very, very tricky thing, but this is a
step forward. [I'll stop there.

SAGJES: Thank you, Dr. Wnograd. Any other questions?

Debra Knopman?

KNOPMAN:  Jerry, 1'd like to talk a little bit nore
about the barrier inportance analysis, because this is just a
continual source of frustration for ne. W see the dose
curves, and because of the assumed performance of the waste
package, we don't see anything, we get no insight for the
first 10,000 years of what's going on in the natural system
what might go on in the systemif the waste package wasn't
there, or maybe, you know, could be in ternms of juvenile
failures, or whatever.

But have you done any of those runs that took the
wast e package barrier out so that you could see what woul d
happen in the natural systemwth the water table rise, and
the increased infiltration, if you then were having advective
transport out of the repository? Do you know what the
di fferences in dose would be?

MC NEI SH: O fhand, | don't know the differences in
dose. Maybe Bob does. But we have done those types of
anal yses in the repository safety strategy. There were a | ot
of neutralizations where the waste package was not incl uded.

We al so, in our TSPA docunent, have sone juvenile failure
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anal yses. And as | understand it in the suppl enental nodel
t he waste package has early failure, there are sone early
failures, which will allow us to see the performance.

KNOPMAN:  right. |'m asking, though, whether with the
refinements in the clinmte nodels, whether you' ve done that
anal ysi s?

MC NEI SH:  Not yet, no.

SAGJES: Ckay, Dr. Reiter?

REI TER: Jerry, this is Leon Reiter, Staff.

Jerry, reference to Debra Knopman's question, |
want to make sure at |east | understand sonmething, is that
you're going to do the sensitivity analysis. But are you
going to include in the sensitivity analysis the effects of
the steep hydraulic gradient? From what | understand,
al t hough the site recomendati on design extends the
repository over the steep hydraulic gradient, part of it, the
analysis in TSPA did not take that into account, because |
assune a little different configuration.

So, when | ooking at these things, are you going to
take into account in the sensitivity analysis the effect of
bei ng over part of the steep hydraulic gradient?

MC NEI SH:  Well, we have to | ook at where our UZ
information cones from Frankly, | don't know how far north
it goes. But if the UZ nodel that feeds us the flow fields

gives us that information, then it wll be incorporated.
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O herwise, they're going to have to update their information
before we can incorporate it into the TSPA

REI TER: So, you don't know whether you're going to
include this or not at this point?

HOMRD: This is Rob Howard, Bechtel Integration
Manager .

For the total systemcal culations, for the dose
calculations that Jerry's group does, the answer is no, we
are not going to be able to analyze it for this round of
anal yses. W did not get that information for the |arger
nodel domain to Jerry's teamearly enough to incorporate it
into the transport calculations. W do have a description of
t hose inplications, though, in Volune I, where in fact you
woul d have, you know, obviously shorter transport distances
in the UZ that could affect radionuclide transport out of the
repository system W have not anal yzed, as you have noted
several tines today, the effects of thermal inplications on
the water table that would be, say, 60 to 70 neters away from
the repository, as opposed to 160. Those anal yses have not
been done. They will not be avail abl e.

REI TER  You said sonething will be in Volunme |?

HOMRD: In Volunme I, we will have a qualitative
description of the inplications where we actually have built
the UZ nodel out to the north so that we can start to devel op

the flow fields for it, and we're | ooking at different
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repository sections to understand if we have a water table
rise, where that water table nmay or may not intersect the
repository horizon.

SAGJES: Dr. Parizek?

PARI ZEK:  Pari zek, Board.

Sort of a general question. On the 10,000 year,
you use a constant climate in your sunmary slide. That's not
shown really in figures on Page 12 and 14 which you run out
toamllion years; right? So | guess for the SR report, are
we going to get sonething different than what we're seeing in
t hose slides?

MC NEISH: | think that 12 and 13 have that, the nom na
case includes that constant climate after 10,000 years. So,
the black line has the constant climate in there.

PARI ZEK:  And then maybe a general question for the
program if you put these climate states in and take, say,

the site scal e groundwater nodel, or the regi onal groundwater

nodel, will it explain the pal eospring deposit occurrences?
If you take this information fromclimate, throw that into
the recharge story for the regional and site scal e nodels,

will we get a groundwater discharge point at the pal eospring
| ocati ons? Because, in a sense, it's |like a nodel validation
opportunity, and | can't answer that nyself as to whether it
did that or didn't do that to date, because at one point, we

have a deep water table, we ran into a pluvial condition that
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when we needed to bring the water table up by 100 neters or
better, the pal eospring deposits suggest that we only need to
bring it up a few neters, or tens of neters at nost. Do you
know whet her the programintends to do that to try to
calibrate and then validate those two nodel s?

MC NEISH: | don't know |Is there a saturated zone guy
here? | don't know.

PARI ZEK: It could be a validation opportunity, is why
|"mreally raising the point here.

MC NEI SH:  Yes.

SAGJES: One last quick question fromDr. Runnells.

RUNNELLS: Runnells, Board.

A question for Dr. Sharpe. Priscilla Nelson asked
about the continuity of the record at Oanens Valley, and you
said there are unconformties, discontinuities. Are you able
to fill those in with the packrat and m dden record, or the
Devil's Hole record? You nentioned that they're both very
robust. So are you able to patch in the holes so you have
what you consider to be a nore or |ess continuous record? O
in looking at the overall picture, are there still gaps in
trying to put this thing together?

SHARPE: The Owens Lake record doesn't have huge gaps in
it. W're not tal king about thousands and thousands of
years. The dating is a little bit problematic. Essentially,

a paper cane out after the original paper on Omens Lake with
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di fferent dates, changing the deposition and, you know, the
rate of deposition.

In terms of unconformties in the record, and |
think in terms of what Jerry has up here, | think it's
mnimal. | don't think that it's a significant problem |
mean, the Omens Lake record is really an excellent
chronol ogy, over 800,000 years, and any small unconformties
| just don't feel are significant that we're mssing with
t hat .

A nunber of different things, proxy data were
| ooked at in the Onens Lake record fromthe sedinents to
pollen to the ostracodes and diatons, and that record is
fairly robust. Wth the piecenealing, you can kind of put in
t he packrat m ddens. Those are kind of discrete instances in
time, and you can | ook at those and conpare those, also with
t he pal eospring deposits, and you can just start kind of
buil ding this record.

So, really, | don't knowif | gave the inpression
that there were these huge unconformties in the Omens Lake
record, but, you know, there is just a timng problem and I
really don't think that's significant.

SAGJES: Ckay, thank you very nuch. W are now on break
until 3:45 p. m
(Whereupon, a brief recess was taken.)

SAGUES: Wl cone back to the rest of the afternoon
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session. W're going to have now presentations on
performance assessnent, the engineered system And then
we're going to have an introduction on the DCE waste package
performance peer review, followed by a few additional
comments on our issue, and then probably coments.

So, I'"'mgoing to go ahead and introduce M. Robert
Howard and Dr. Robert MacKi nnon, who are going to be tal king
about a series of questions that have to do, as | said, with
t he engi neered system

M. Howard is going to paraphrase his part of the
guestions at the beginning of the presentation, so there's no
need for ne to go through those at this tine.

So, M. Howard?

HOMRD: Thank you.

Okay, good afternoon. | thought | had overcone the
effects of my ongoing cold. M nane is Rob Howard. | amthe
I nt egrati on Manager for Bechtel SAIC for the Science and
Anal ysis Project, and I'"'mgoing to be talking to you about
the first question related to the engineered barrier system
on the agenda, which has to do with why is it that
performance assessnent typically anal yzes the design
condition as opposed to sone as built condition. And as |
talk to you about it, I"malso going to try to work in sone
of the progress that we've nmade in our updates to our nodels

in this area.
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Just to remnd you, Dr. Boyle went over this chart,
or a variation of this chart, earlier this afternoon, and
what |'mgoing to be tal king about has to do primarily with
the waste package. |I'mgoing to talk a little bit about
early failure due to inproper heat treatnent and how t hat may
play a role in these anal yses, tenperature dependent general
corrosion rate, stress thresholds, fraction of surface-
breaking flaws, and distribution of crack exponent. You're
going to see the results of some of that work in these

calculations that I'mgoing to show you

So, generically, why doesn't performance assessnent
al ways consi der possible differences between the EBS
conponents as designed versus how they mght be built at
sonmetinme in the future? Well, we assune that the repository
is going to be constructed, operated and cl osed according to
t he desi gn.

We assune that design is going to neet the
applicable quality assurance requirenents and quality
controls. That includes those requirenents for design
control and inspection and testing, so that we can confirm
that the as built condition does in fact conformto the
desi gn.

Any deviations fromthe design are going to be
subject to regulatory review and reevaluation. Larry

Trautner nentioned a little bit about this in his
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presentation earlier. W have things called operating
specifications or technical specifications. In reactor power
wor |l d, you have 5059 eval uations for changes, testing and
experinments. We'll have simlar regulations inposed on us if
we find the site suitable and go for a license application,
so that any of those changes in the design would have to be
reeval uat ed

We have requirenents for a performance confirmation
programto confirmthe design paraneters, and that
per formance confirmati on program goes on during the
operations, and if we were ever to build, to construct and
operate this facility, prior to closure, we'd have to
reassess the performance of the systemin the as built
condition as part of the requirenents for closing the system
so that we understand those.

Any deviations in the design that are significant,
in other words, if they change performance inplications, have
to be corrected. W docunment the generic rationale in our

systens | evel FEPS analysis, our features, events and

processes. W have a features, events and processes
screeni ng argunment for inproper or inadequate design, if you
will. So that's generically how we address this issue.

Now, for the specific questions, I'll just kind of
rem nd everyone that one of the problems wth the waste

package, or one of the threats to waste package performance
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is stress corrosion cracking. So if we have residual
stresses in the waste package, we're going to be prone to
that kind of failure node.

Qur current mtigation approach is to solution
anneal and quench the as-fabricated waste package in the
shop, and then after we |oad the waste package with fuel
we'll do a local induction annealing and | aser peening to
i nduce conpressive stresses on the final closure welds.

Just to keep everybody oriented, we've got a 25
mllimeter thick outer lid. W're proposing to induction
anneal that weld. The 10 mllimeter thick inner Iid that's
part of the design, we're planning to use | aser peening as a
process for that.

We do have a weld in the 316 nucl ear grade steel,
but we don't have any performance accredit for the 316
structural shell at this point.

Well, what if induction annealing or |aser peening
cannot be denonstrated at the commercial scale? That's kind
of the heart of the question. W' ve got sone options. W
could use a single closure |id design, and I'll show you an
anal ysis of what that |ooks like right now You could use
two lids with the sane stress mtigation technique. So if we
couldn't denonstrate | aser peening, we could use two solution
anneal ed Iids m ght be an option, or we can devel op one of

t hese other | ow residual stress wel ding processes.
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|"ve got two cases that | want to show you for a
single lid design, in other words, what happens if we can't
denonstrate either |aser peening or induction annealing and
we want to go on with fabrication anyway with one |id.

For the purposes of these analyses, | use thernma
inputs that were fromthe higher end of the thernmal operating
node just so that we would have a conparison for both cases.

We used the updated tenperature dependent general corrosion
nodel for both cases. That was work that we were doing as
part of our unquantified uncertainties, and work that's al so
necessary for the thermal evaluation. So having a
t enper at ure dependent general corrosion rate in our waste
package nodel is very inportant for us for being able to tel
the differences in thermal operating nodes. And that's
sonmething |'"mpretty excited about being able to actually
show performance inplications on that. W' ve got updated
treatnment of weld flaws.

Threshol d stress uncertainties for stress corrosion
crack initiation has been updated. That's work that was
going on as part of our unquantified uncertainties. W've
got new data in our stress corrosion crack growth exponent.
That's our repassivation slope in our stress corrosion
cracki ng nodel, and that was updated based on new scientific
information. And an updated probability for inproper heat

treatnment is being considered, which actually leads to early
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wast e package failures, and that's included in this scenario.

Okay, what | have here is a set of curves generated
fromour waste package degradation nodel, and also |I'm
showi ng the 95th and the nmean for both cases. So, this blue
line here is the mean cunul ative distribution function, or
failure rate for a waste package design that only considers a
| aser peened |id.

The first failures are actually occurring in about
1,500 years. This does not include early failure mechani snms
frominproper heat treatnment. And for the case where we only
have an induction annealed |lid, you get waste package
failure, denonstrated by the red line here, and the fire
failure is around 3,500 years. And that does not include the
i nproper heat treatnent as well.

And why it occurs different, in general keep in
m nd that we use, for the |laser peened lid, we only assuned
we still had a 10 mllinmeter Iid. That's what we had stress
profiles for, for these analyses, so that's what we used.

Both of these curves, quite interestingly, the
dom nant failure node with all the updates to the nodels is
general corrosion. |It's not stress corrosion cracking.
That's an inportant result of the updates to the new nodel s.
The general corrosion failure node is the dom nant failure
node in these anal yses, although for the |aser peened lid,

the first breach was due to a stress corrosion crack.
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|'ve got results, mean value results of both cases,
and you actually have the hundred realization dose curves in
t he backup slides. But this black line is the TSPA Rev 0 ICN
| base case. This first blue line is a waste package with
only the 10 mllinmeter |aser peened |lid, and you're getting
doses early here because of the thinness of the barrier
itself. But you don't have the early breach due to inproper
heat treatnent.

The reason why we don't have the early breach due
to inmproper heat treatnent in this case is that we believe
that that failure node is nost |likely going to be caused by
the induction annealing process. So the induction annealing
process, you m ght have the waste package closure |lid being
heated up beyond the thermal range, or cool ed down, or
guenched faster, and that's going to create sone phase
stability problens and agi ng problens in the waste package
lid.

If we don't have an induction annealed |id, you
don't have that problem For this green |line, that
represents the case where we just have the induction anneal ed
lid, and that does include the early failures. And then when
you conbine all these effects into the updated nodel, the
dose results that you would get, and that includes the early
failures, is showmn in this red curve here. And that peaks

about 2 mlliremper year. The peak for the induction
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annealed Iid only is about 87 mlliremper year, and for the
| aser peened Iid only is about 97 mllirens per year, and
they all occur in the out years.

Doses at early times, just like in the TSPA, base
case are due primarily to technetiumand iodine. At |later
tinmes, these doses are due primarily to neptunium 237 and
colloidally transported pl utonium

Now, Bob MacKi nnon is going to present sone
information that may show how these results m ght change at
earlier tinmes with sone sorption properties that he's
included in the invert nodel.

Part B of the question was related to drip shield
performance, and what if the drip shield doesn't perform as
expected, and |I'mgoing to show one of Dr. Knopman's favorite
anal yses, these barrier degradation anal yses. There's also
just for you a neutralization analyses in the backup slides.

These were calculations that we did for TSPA-SR Rev O ICN |
Since they do have the waste package performance in them as
in the prior nodels, you don't see that nuch difference in
t he doses.

I f we had included those early waste package
failures due to inproper heat treatnent, these results may
give us a little bit different insight. But we just did not
do those calculations. | apol ogize for that.

Any questions?
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SAGUES: Debra?

KNOPMAN:  On Slide 10, | assume these dose rates have
not been weighted by their probability of occurrence, as you
do wth the igneous intrusion scenario; right?

HOMRD: That's correct. These are nom nal

KNOPMAN:  Coul d you just--okay, they're nom nal

HOMRD: Yes, these are just nomnal, so | don't include
any igneous in there.

KNOPMAN:  Right. Ckay. But can you give us, give the
Board sone idea of what you woul d expect to be the
probability of occurrence?

HOWARD: For the--

KNOPMAN:  For each one of those different nodel runs.

HOMRD: Ckay. Well, I can't do it for the hypotheti cal
cases. Wth the one waste package design, that's just not
part of our repertoire, if you wll.

For the early waste package failures, the
probability of occurrence that you see, and you can see it
better in the hundred realization dose results that are in
t he backup slides, so you' ve got about a 77 per cent chance
of zero waste packages failing by inproper heat treatnent.
You' ve got about a 20 per cent chance of one waste package
failing by inproper heat treatnment. And you've got about a 3
per cent chance of two waste packages failing by inproper

heat treatnment. And when you see how it's inplenmented in the
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TSPA for the hundred realizations, you'll see that those
results are based on zero, one or two waste packages failing
at early times, in early years.

So, does that kind of answer your question? |
can't do it for the--

KNOPMAN:  Yes. So, another way of saying this is that
the probability of failure, at |east through this node, for
greater than five packages is about as likely as having sone
ki nd of igneous intrusion.

HOMRD: [|'d have to think about that.

COHON: Wait a mnute. This is Cohon, Board.

Is this nunber of packages failed by a certain year
or in a certain period?

HOMRD: Yes, this is at tinme zero. The nunber of waste

packages failed at any given tine is what you saw in the

CDFs.

KNOPMAN:  Which is quite | ow al so.

HOMRD: Yes, ma'am it is.

KNOPMAN:  So it's different failure nodes at different
times. But at tine zero--

COHON: | have to go back and take a first probability
course. But the way | read this is that there's zero
probability that six packages would have failed, since the
probability is one in five that five do?

HOMRD: Now, | think you' re reading it backwards.
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There's sone snmall, not non-zero probability, that nore than
five waste packages fail, but it's small

COHON:  In other words, it's less than .00001?

HOMRD: Right, by this early failure mechanism W're
not saying the waste packages don't fail.

COHON: No, no.

HOMARD: Ckay. Any other questions?

SAGJES: Yes. Can we go to Nunber 5, please? | just

wanted to know, that sketch is nobre or less to scale, is that

correct?
HOMRD: Yes, | believe it's nore or |less to scale.
SAGUES: So the little lid against which the induction
and annealed weld is made is about, say, one-eighth of an

i nch, between one-eighth of an inch and a quarter of an inch,
or so; right?

HOMRD:  Yes.

SAGUES: Ckay. And then there is that |arge cut between

the section and the outer--

HOMRD: Ri ght here?

SAGUES: Yes. Underneath that, there is that--

HOMRD:  Yes.

SAGJES: Ckay. | just wanted to make sure | got that
understood. If you go to Figure 9, if | understand
correctly, if you take out the outer lid, you have a first

failure by general corrosion after about 1,500 years, you
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sai d?

HOMRD: Yes, actually, in this case, the first failure
is by stress corrosion cracking. But the domnant failure
node here is general corrosion. And you can see that on the
backup slides | have a slide, failure nodes by--failure by
first crack and failure by first patch, which is by general
corrosion. And this tracks along the general corrosion
profile, so it is dom nated by general corrosion.

SAGUES: And the other one in the red curve, that's
3,500 years, that is not by stress corrosion, that's by
general corrosion?

HOMRD: That's failing by general corrosion.

SAGUES: And is that a new estimate, |ike based on new
estimates of generalized corrosion rate, or is it just as it
was before?

HOMRD: Well, no, this inplenents the general corrosion
rate that's tenperature dependent. So, we've got a Arrhenius
rel ationship to general corrosion rate. That's what it |ooks
like. The bottomline is that general corrosion rates
decrease by about three orders of nmagnitude as the
t enperature decreases from 125 to 60 degrees C. So it's not

the sane general corrosion rate that you have seen in the

past. It's been nodified to incorporate tenperature effects.
SAGUES: And the rationale for that Arrhenius
rel ati onship conmes fromwhat dataset? Fromthe |aboratory?
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HOMRD: Yes, it cones fromthe data that's being
generated out at University of Virginia. | think the
activation energy was 66 kil ojoul es per nole, or sonething
l'i ke that.

SAGJES: | see. Ckay. On the other hand, the current
data indicated a nmuch | ess severe tenperature dependence, was
it?

HOMRD: |'msorry?

SAGJES: The data fromthe corrosion test coupons at
Lawr ence Livernore, that kind of data suggested a much | ower
activation energy?

HOMRD: Yes, it did. This is sonewhat conservative.
guess | probably need to get Jerry Gordon out here to help ne
better quantify the difference between those.

SAGUES: Because in this particular case, we seemto
have a strong tenperature dependence.

HOMRD: Yes, we do.

SAGUES: But in the other data, such as the other
t enper at ure dependence, was a lot less than that, in which
case it wouldn't be conservative. It would be the other way

around, presunably.

HOMRD: | don't knowif it would be | ess conservative
or not than having no tenperature dependence. |'d have to
t hi nk about that. Jerry, can you answer that?

GORDON:  Jerry Gordon, Yucca Muntain Project.
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The data are frompotentiostatic tests rather than

weight loss. So it's a nuch steeper dependency.

SAGUES: And which data was chosen for the overall--
whi ch type of evidence is going to be used for the final
cal cul ations, this one here, or the one that cane fromthe
tests?

GORDON: Well, the University of Virginia tests were
done in unbuffered sodiumchloride. So they're very

conservative. W're currently generating data in nore

rel evant environnents, and we'll use them as soon as we get
t he dat a.

SAGUES: Ckay. So this will be like provisional
estimates; is that right?

GORDON:  That's correct.

HOMRD: This is the function that's going to be used in
t he SSPA analysis. This will be what we use. And when we do
t he evaluation for the high tenperature operating node and

the | ow tenperature operating node, we're going to use this

function.
SAGJES: Ckay. On the other hand, you can neasure
corrosion rate to 95 degrees centigrade, and then you neasure

it at the | ower tenperature based on the corrosion coupon
tests. And you observe a relatively small tenperate
dependence. Then if you get the high tenperature rate and

you try to find out what the |low tenperate rate is going to



© 00 N oo o B~ 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 OO M W N B O

231

be, then you don't gain a lot by going to a | ow tenperature.
But with this kind of an estimate, you gain a |ot by going

to a lower tenperature; right? So that's what | was sayi ng,
that that is not necessarily conservative. That would be the
ot her way around. |Is that right or am| wong?

GORDON:  It's a nuch steeper sl ope.

SAGJES: Right.

GORDON:  Potentiostatic data.

SAGJES: Ckay. But what | was trying to say is that
that's not necessarily a nore conservative estimate. It just
simply--a lot faster as you cool down, and that could give

you a nore optimstic estimate if you're trying to use high

tenperature data to extrapolate to | ow tenperate behavi or

right?
GORDON: It coul d, yes.
SAGJES: Ckay. |I'll have to look at that then. Thank
you.
DI BELLA: Carl D Bella, Board Staff.
Coul d you put up Slide 10 again? The bl ue curve,
for exanple, that's for no outer |lid whatsoever. And the

guestion the Board asked was what happens if these treatnent
techni ques don't work? Well, what woul d happen is that you
woul d get failure, at least in the early tinme, by stress
corrosion cracking.

Now, could you explain how you get froma stress
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corrosion cracking type of failure to no outer lid
what soever, or are you sinply just presenting that as a
boundi ng case?

HOMRD: Yeah, I'msinply presenting that as a, | won't
say boundi ng case, but a case to answer the question what if
we can't denonstrate one or the other of these techniques
commercially, and we only went to one |id design. These
failures here are not stress corrosion cracking failures at
early times. These are early failures due to inproper heat
treat ment.

Did that help, Carl?

DI BELLA: Thank you.

HOMRD: | wasn't trying to make any grandi ose cl ai ns
about the analysis.

SAGJES: W have one nore question from Leon Reiter.

REI TER  Two short questions. | just want to make sure
| understand that. The reason for reduced peak dose in the
bl ue and the green curves is because you just distributed the
rel eases over tine?

HOMRD: Yes, that is primarily what it is saying.

REI TER.  Ckay.

HOMRD: You don't have, if you recall in the TSPA Rev 0O
base case, all of the waste packages failed by one node or
anot her sonmewhere between 100,000 and a mllion years, and

you don't have that for this case.
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REI TER  Ckay. The second question is do these curves
and the curve after on the drip shield take into account the
new climte scenario?

HOMRD: No, sir, they do not. And once we get these
nodel s incorporated into the updated anal yses, along with
what Jerry showed you earlier, we'll run the total system
nodel with a high tenperature and a | ow tenperature case with
the climate scenari os and these updates.

REI TER: Because you mght get--at this point then, the
peak, the glacial peak that occurs at 38 to 40,000 years
m ght have a real effect on this.

HOMRD: Yes, it mght. | nean, that's part of the

exciting part of this analysis.

REITER | think it's a good exanple of what Dr. Cohon
was tal ki ng about before about interactions. |f you |ook at
sonmething just by itself, it's hard to determ ne what the

inmpact is. It's sometines necessary to | ook at a bunch of
different factors.

HOMRD: Yes, he's absolutely right, and 1'd al so say
that Dr. Boyle was right, too, that unfortunately sone of our
anal ysts, you know, |ike nyself, are so close to it that
sonmeti nmes we second guess ourselves too fast, and we don't
get to those answers.

No questions from Bull en, Board?

SAGJES: We're going to have one nore questions fromDr.
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Craig, and then we're going to have to go to the
present ati on.

CRAIG Craig, Board.

|"d like to understand that bl ue curve sonmewhat

better. You know, we've had a long interest in juvenile
failures and what happens, and this isn't quite a juvenile
failure, but it's sonmething pretty close. And if you | ook at
t hat bl ue curve, you see that on the tinme span well bel ow
10, 000 years, you're getting up to doses that | ook |ike
they're violating whatever standard happens to be set. |
don't know whether it's 10, 15, 20 or 30, or even 50 MR per
year, but anyway, it's up there to the place where it's
violating standards. And if that's what happens, that's very
interesting. That seens to be the situation where you | eave
off alid, and some how or another, the material cones out,
and you're going to tell us howit conmes out, and this is
presumably using your distribution that you showed, so it's
one or two, probably one or two failures.

HOMRD: Just one.

CRAIG Okay. You understand ny question and the
conf usi on?

HOMRD:  Yes.

CRAIG So I'll leave it with you to answer then

HOMRD: Yes, the one or two failures that you're

| ooking at are this curve here. So for the early failures at
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time zero--

CRAIG Well, how many cans have no outer lid in the
bl ue curve?

HOMRD: All of them

CRAIG Al of then? Ckay.

HOMRD:  Yes.

CRAIG So that's a lot.

HOMRD: Yes, that's about 11,000, 12,000. That's not
sonet hing that we woul d do

CRAIG Yeah, that would probably be noticed.

HOMRD: Right. Yes, we mght sonehow figure out a way
not to put the lids on a couple of them but | don't think we
woul d- -

SAGJES: We're going to have to proceed with Dr.

MacKi nnon' s presentation and question groups two and three.

MACKI NNON:  Good afternoon. |'m Robert MacKi nnon. |'m
t he EBS Departnment Manager on the project.

Before | begin, | want to clarify one item though.
On the agenda, it indicates that |I've been pronoted to a
Lawr ence Livernore National Laboratory Staff Menber
However, that's not true. |I'mstill a nmenber of Sandia
Nati onal Laboratory.

| guess if we stick to the schedule, | have eight
guestions that | need to address in five mnutes. That's

going to be difficult, so what 1'"'mgoing to do is briefly
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state the question, provide a brief direct answer, and then
provi de sonme high | evel basis for that answer.

The questions are separated into two groups. The
first group deals with issues related to |ocal environnental
effects, and the performance of the drip shield. The second
group of questions relate to FEPs, their dependence on the
thermal operating conditions, and the postclosure evol ution
of the engineered barrier system

This slide sinply shows a cross-1|inking between the
guestions and the various topics that are addressed in the
suppl enental anal yses that Bill Boyle tal ked about earlier
this afternoon.

Well, the first question asks to what extent does
TSPA account for |ocal environnental effects when we have a
st and- al one or continuous drip shield? The answer to that
guestion is that we do account for |ocal thermal effects,
mai nly radi ati on and conduction. W do account for variable
wast e package spacing. W do not distinguish between a
st and-al one or coupled drip shield configuration.

Qut of our multi-scale TH nodel, we devel oped
approxi mately 6,000 uni que thermal hydrol ogi c environment al
conditions, or approximately 6,000 waste packages. That
information is abstracted and used in the corrosion nodeling
and in the EBS nodels. Qur |ocal processes use average

t hermal hydrol ogic conditions in our calcul ations.
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We presently nmake the assunption that the gaseous
phase conditions in the air gap between the waste package and
the drip shield are well mxed with the drift environnent.
In other words, we treat those environnments in the sane way.

We currently have some work ongoing to further strengthen
the technical basis for that assunption

There's al so one source of variability and
uncertainty in our nmulti-scale calculations that we do not
account for, and that is the axial novenent of gas in the
drift due to thermal gradients, in other words, natural
convecti on.

This slide is a conceptualization of natural
convection. This slide shows a hot package adjacent to a
cool package, and because of thermal gradients in the
direction fromthe hot package to the cool package, we get
axial flow. This hot air flows in the direction of the cool
package and descends along the drift wall, and returns al ong
the invert to the hot package, and the |loop is conpleted.

A simlar |oop takes place in the gap between the
wast e package and the drip shield.

|"mgoing to briefly show sone anal yses that we
initiated in March, three dinensional, thermal Navier Stokes
calculations to quantify natural convection and do pretest
predi ctions for natural convection experinents that are

pl anned to begin later this year.
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This is an idealized calculation. It sinply shows
two waste packages, a hot package next to a cool package.
The tenperature of the hot package is approxi mately 80
degrees C. The cool package is approxi mtely 60 degrees C.

Now, the orientation has been reversed on this
slide. This is the hot package over here, and the cool
package. They're tined 300 years, we've solved for a steady
state flow field inside the drift, and we've rel eased a
tracer at the end of the package. So the tracer is follow ng
the flow path up towards the cool er regi on near the crown of
the drift, and it's beginning to turn over and nove towards
t he package like in the conceptualization that I showed you

previ ously.

The tracer is above the cool er package and descends
down along the drift wall, and then returns and is caught in
this convective flow path

Now, one thing | want to point out here is that
we're tal king about relatively short tines on this quarter
scale drift test. Here is a shot at 1,000 seconds. So we're
tal ki ng about reasonably high velocities on the order of a
tenth to a quarter of a neter per second. Wat this slide
shows is that in a thousand seconds for that steady state
flow field at 300 years, we have al nost conpl ete m xing.

I n our thermal hydrol ogic nodels, we do nmake the

assunption that we get conplete mxing. That is one of the
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reasons we do not include axial flowin our nmulti-scale
nodel s.

Well, this question asks what is the potential for
significant tenperature differences between adjacent waste
packages and drip shields, i.e. cold traps? The potenti al
for significant tenperature differences is high, and the
potential for having cold traps is also relatively high
However, we, based on our anal yses, we have concl uded that
cold traps thenselves will not significantly inpact
performance. Cold traps can inpact performance in two ways.

One, it can put water on the package.

We account for water on the package by introducing
dust on all packages at the tinme of postclosure. This is a
hydr oscopi ¢ dust, sodiumnitrate. The deliquescence point is
rather | ow, and when that critical LH, corresponding to the
del i quescence point is reached, that is when corrosion is
initiated. W think we've bounded that process.

The other effect that may occur due to cold traps

i s enhanced advector flow into failed packages. And based on

our FEPs anal yses, we have concluded that the magnitude of
extra dripping is expected to be snall

However, | do want to point out that our analyses,
there are uncertainties in those analyses. W still feel
that our conclusion will remain as it is, but we do need to
further investigate the issue of natural convection and cold
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trap effects, and we currently have an NRC KTl agreenent to
do so, and we have initiated those analyses in March. And
like | said, we have a convection, core scale convection test
initiated this year also.

We plan to use the information that we [earn from
the nodeling and the experinments to help us interpret the
observations that have been made at the ECRB

VWhat is the potential for formation of thin or
thick films on the surface of the waste package? The
potential is quite high. W wll get films form ng on the
surface of the waste package. W also will get filnms form ng
on the inside of the waste package. W think we've bounded
the effects of filnms formng on the exterior of the package.

I n our supplemental anal yses, we've | ooked at
packages that are failed due to stress corrosion cracking.

W allow water to enter those packages through the gas phase

and sorb onto the interior conponents of the waste package.

In this water film radionuclides are allowed to diffuse from
t he source and be released fromthe waste package. In the
TSPA- SR anal ysis, we assunme that the radi onuclides were

rel eased fromthe source and were right at the waste package

wal | instantaneously.
Now, we inplenented this in-package diffusion node
only in CS&F waste packages, and it shows that the inpact is

not real significant. [It's main inpact is that it del ays
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doses by about 2,000 years. This is the base case TSPA- SR
This is the case where the inpacts diffusion nodel is
i npl emented in CS&F packages only.

What is the potential for dripping to occur under
the drip shield? Qur analyses show that there is potenti al
for condensate to form In our FEPs anal yses, we have
screened this process out, and we believe that the
contribution of condensate to nobilization of radionuclides
is not significant. W did recently inplenent a condensation
nodel in the TSPA nodel, and I'll show you those results here
next .

This slide sinply shows that for the base case,
there is no inpact on dose, and this is primarily because the
wast e packages fail late and the evaporation rates are
relatively low at these tinmes. But in the backup slides, |
believe it's Slide 39, that we present results where we have
presented juvenile failure results for the condensation
nodel , and the inpact on doses is not significant.

Now, we considered a total of 88 FEPs in our EBS
anal yses. Several of these FEPs are concerned wth
postcl osure drip shield performance. This question is do
current drip shield nodels adequately characterize and bound
drip shield performance? Yes, we believe they do, based on
our current understandi ng and our current nodels.

Now, again, | want to enphasize that our FEPs
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anal yses, we need to strengthen the technical basis for
several of these FEPs, and we're in the process of doing so.

This slide shows the specific FEPs that were
eval uated for postclosure drip shield performance, and they
i nclude thermal expansion in the drip shield, floor heave,
rock fall, seismc response, and enpl acenent pallet failure.

Now, again, we're further strengthening the
argunents in these anal yses, but the process we've used is
the FEPs anal ysis process. At the subsystemlevel, a
deci si on has been nade whether or not to carry that nodel
forward through the total system perfornmance assessnent
cal cul ations. These processes have been screened out in the
current anal yses. And when these anal yses were done, the
attenpt was nmade to bound various processes. As | said, we
recogni ze there are uncertainties in these anal yses, and
we're continuing to eval uate them

Qur drip shield flux nodel and waste package fl ux
nodel , the nodels that we use to cal cul ate seepage
penetration through the drip shield and waste package, are
hi ghly conservative in the TSPA-SR nodel. W essentially
make the assunption that all of the seepage that enters the
drift falls on the crowm of the drip shield.

We al so make the basic assunption that all of the
corrosion patches that formon a drip shield line right up on

the crown of the drip shield, whether they' re on the right
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side of the drip shield or on the left side of the drip
shi el d.

We al so ignore seepage evaporation. So what we've
done is we've reduced the conservatismin this drip shield
and waste package flux nodel by assuming that all the seepage
falls on the upper surface of the drip shield. W do nake
t he assunption that any seepage that penetrates the drip
shield wll contact the waste package, but it contacts the
upper surface of the waste package. And we do take credit
now for seepage evaporation at the drip shield.

These are results for conparing the base case
calculation with a case where we've renoved all of the drip
shields in the repository. W're taking credit for seepage
evaporation, and we've neutralized the waste packages. Every
wast e package has a failure patch in the waste package, and
this was so that we could exam ne. CQbviously, if we |ook at
the effects after 10,000 years, evaporation, seepage is not
that significant.

So we see that for the case where we've neutralized
both the drip shield and the waste packages, we do get sone
i npact on dose. Peak dose in 10,000 years is reduced by a
factor of approximately two.

Now, this shows you the effect of the newdrip
shield and waste package flux nodels. They're still

relatively conservative, but they do reduce our doses in
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100, 000 years. This is the effect shown here conpared to the
base case, and then the base case with the new nodel s
i mpl ement ed.

|f the potential repository were operating in a
cool er thermal node, which FEPs previously screened out would
be included, and vice versa? Well, to really answer this
guestion, we would have to do sone anal yses, but | can give
you ny best educated guess. W considered 23 near-field EBS
and Waste Package FEPs that are directly related to thernma
conditions. In other words, if we were operating in anbient
thermal conditions, 22 of those FEPs woul dn't even have to be
considered. The only reason we'd have to consi der one of
themis that it has a conbination of thermal and non-therma
processes in it.

Ni ne of these 23 FEPs are excluded from TSPA- SR
We feel that even at the | ow thermal operating node, none of
t he nine excluded FEPs would need to be included. |If
anything, it goes the other way.

However, and this statenment | think is nmaybe a
little strong, in that none of the 14 included FEPs woul d be
excluded for |lower thermal operating node conditions. And I
can think of one case, and the reason | want to qualify this
statenment is that one of the FEPs is condensation in the
regions around the drift, and thermal reflux. In TSPA-SR, we

account for thernmal refl ux. But in the case with the | ower
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tenperature operating node, we will likely not forma
condensate around the drift, so we will not have therma
reflux. So we could possibly exclude that FEP. However, we
woul d not do that. W would go ahead and i npl enent our
nodels. It would just turn out that we would get zero

t hermal refl ux.

This question deals with if the structural steel
corrodes and the drip shield may m salign, the waste package
may fall off the pedestal and roll over and touch the drip
shi el d, how does this inpact performance?

We currently in the TSPA-SR nodel, we set the waste
package right on the floor. So we don't take credit for the
pal | et.

We do have two FEPs that have been considered;
thermal stresses due to differential thermal expansion in the
wast e package. |In other words, we've |ooked at uneven
tenperatures on the surface of the waste package, and how
does that inpact thermal expansion. W have concl uded that
the effects are not significant.

We've al so got a FEP that | ooks at materi al
interfaces, and in particular, if the waste package is
adjacent to the drip shield. Qur conclusion there is also
that the effect is not significant.

Now, again, there are uncertainties in this

anal ysis, but all of these anal yses are docunented in our
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FEPs process, so they are there for anyone to evaluate. But
we have gone through an orderly process to decide on which
processes we carry on in the postclosure period.

Have the corrosion products of the EBS and
mat eri als, such as ground support, been considered in
postcl osure EBS performance? Again, we've relied on FEPs
anal yses to exclude a couple of processes. Degradation of
cenentitious materials in the drift. Qur conclusion is that

right now, we do have grouted rock bolts, that the grout wll

be sufficiently carbonated that the seepage that contacts the
grout, it wll not experience |arge increases, or significant
increases in pH Interactions wth corrosion products have
been al so screened out, primarily because nost of the ground
support systemin that will be gone in the first thousand
years.

In-drift sorption. W have screened that out
sinply by saying that we're conservative by not including it.

Well, we have recently devel oped a nodel to include sorption
and the invert. W have over 20,000 kil ogranms of potenti al
corrosion products per waste package. That's a substanti al
amount of corrosion products.

This shows you what the effect of considering the
corrosion products and sorption in the invert, and you can
see that we've got a substantial delay in tinme of arrival.

The peak doses will not change, but the arrival tines wll
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certainly be del ayed.

That's the | ast set of results | have to present,

and 1'Il end the presentation there.

SAGUES: Thank you very nuch. Dr. Nelson?

NELSON: Nel son, Board. | didn't think | was going to
be the first one, though. [I'll try not to be too obscure.

| have a continuing question that really has to do
with heat transfer and noisture and how all the different
ways of heat transfer are nodelled, and whether there's a
nodel that includes noisture and all possibilities for heat
transfer, considering the rock and ventilation, be it natural
or forced, and whether there's a nodel that takes into
account the noisture mass bal ance and the energy bal ance in
trying to understand what goes on during the thermal pulse,
and the continuation of natural ventilation in a drift.

And I'"'mthinking that I'"mnot prepared really to
bel i eve that condensation is not a concern, because | don't
think we're really sure what's going on in the ECRB. So I'm
really not sure. So can you tell nme that you' ve got a node
that you' re actually very confident of can do all of the
di fferent kinds of heat transfer and consider energy and nmass

bal ance in a coherent manner to predict when and where

condensation will occur?
MACKINNON:  I'"ll try to answer that question.
First of all, condensation is a concern, no doubt
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about it. W do think, though, that its inpact on
performance will not be significant, and we plan on, we've
got the quarter scale drift test, conduction test, we've
initiated these three dinmensional thermal Navier Stokes
anal yses, and the ECRB observations. W're going to use this
information to get a better understanding of the effects of
condensation, and hopefully to validate our concl usion.

Now, our nulti-scale thermal hydrol ogic nodel
definitely does an energy bal ance and mass bal ance. |t does
not include axial flow or natural convection. Qur assunption

there is that the environment in the drift has substanti al
mxing in it that the gas phase conditions, noisture
concentrations and tenperatures are relatively uniform

These experinents and the anal yses that we have ongoi ng
we hope will confirmthat.

Forced ventil ation, our nodel does not include
forced ventilation. Wat we do is we sinply we have a FEPs
that addresses this specific issue. W renove the therm
energy fromthe systemthat would be renoved by ventilation
in our power input to the thermal hydrol ogi c nodel.

Now, during ventilation, a substantial anount of
noi sture woul d be renoved. W do not account for that
noi sture renoval. In fact, we keep the systemwet, and we
think that tends to be on the conservative side, and we're

relatively certain about that, but we need to provide a



© 00 N oo o B~ 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 OO M W N B O

249

better technical basis for our treatnment of the effects of
forced ventilation.
Does that answer your question?

NELSON: [I'mnot absolutely sure. It seens like it's
bei ng parsed out into certain parts and then pieced back
together, and I'mwondering if there is a coherent overal
code that m ght be envisioned that would do nore than what
t he various pieces of the question that you' re dealing wth.

My experience when working with geol ogy and geotechnical is
that it's the little local things that will al nost al ways be
the surprises that will develop | ocal conditions to be not
what you thought on the average. So |I'mjust not conforted
by this discussion here that there's been a way of really
trying to capture whether those kinds of things can be
important, particularly regardi ng condensati on.

MACKI NNON: | guess maybe | should summarize it |ike
this. W are doing different analyses to | ook at various
i ssues, natural convection and condensation. These processes
are not in our current nodel. If indeed we determ ne through
our anal yses and our experinents that these processes are
inportant, i.e. significant to performance, we're going to
have to account for themin sonme way in our therma
hydr ol ogi ¢ nodel .

NELSON:  Okay.

SAGJES: W are behind unfortunately. W have two quick



© 00 N oo o B~ 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 OO M W N B O

250

questions by two Board nmenbers who are known by being brief.
One of themis Dr. Bullen.
BULLEN: Bul | en, Board.

Could we go to Slide 17 first? This is your
adapt ati on of what the heave and col | apse of the invert m ght
| ook |ike and how a drip shield mght actually be degraded.
And if you go to Slide 18, which is the next one, you talk
about nechani snms that are responsible for thermal expansion,
fl oor heave, rock fall, seism c response, and enpl acenent
pallet failure. | guess what | don't see is the degradation
of the invert there. Wth the corrosion of the carbon steel
that's down there, wouldn't you expect that in a few hundred
years, that's going to be gone, and that that would be the
primary mechanismfor floor heave? And yet these have al
been screened out because of mnor structural response to the
performance of the drip shield, but really I"mnot worried
about the drip shield performance. |'mworried about the
drip shield acting as a focusing agent on the waste package.

So have you anal yze the inpact of these kinds of
responses to the performance of the waste package, or is that

sonet hing that you haven't done?

MACKI NNON:  These processes address these nechani sns and
their effect on the drip shield novenent. It has been
concluded that in our rock fall analyses, floor heave

anal yses, anything that would contribute, any processes that
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woul d contributed to deformation of the drip shield, or
novenent of the drip shield, those processes are not

signi ficant enough to inpact the performance of the drip
shield, primarily because the way the drip shield is
designed, the drip shield, the overlapping drip shields, they
have 600 m|linmeters of overl ap.

In addition to that, there is a lip on the top of
the drip shield that's 5 centinmeters high. That lip wll
prevent any axial flow The overlap is, based on our
calculations, is long enough to prevent separation for any
ki nd of novenent.

BULLEN: Bul | en, Board.

A followon question to that. How many drip
shi el ds do you have to enplace, and since you're doing it
remotely, what's the guarantee that they're all going to be
done perfectly? And what are the probabilities for error in
drip shield enplacenent, and that inpact on failure? | nean,
you' ve got a whole bunch of drip shields to put in.

MACKI NNON: Well, I'mgoing to have to defer to Rob
Howard's presentation, which basically concluded that we w ||
ensure that drip shields are enplaced according to design
requirenents.

BULLEN: Ckay. So there is no human error probability
that's built into that? | nmean, |I'mworking renotely from

the surface, enplacing this thing renotely, watching a canera
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that may or may not be working as well as | mght |ike 125
years fromnow when I'mclosing this thing. | guess | just
wonder ed about the human error scenario, and whether or not
you' ve eval uated that before you take a look at it.

MACKI NNON: W haven't evaluated it.

BULLEN: GCkay. | have to stop asking questions now.

SAGJES: Yes, we have to stop. Thank you very nuch,.

| amvery pleased right now to introduce Professor

Joe Payer. Joe will describe briefly the Departnent of
Energy's new materials peer review, which he chairs. And Joe
has his BS and BSD from Chio State, which is one of the best
known centers for materials science and corrosion research in
the United States and the world. He's been in the materials
science and engi neering departnent of Case Western Reserve
University for 16 years, and served as departnent chair for
several years. And many of you will renmenber that Joe was
the materials science representative on the panel that forned
t he peer review of the TSPA-BA. So, Joe, go ahead, pl ease.

PAYER  Thank you, Al berto.

We can just go right to the next slide here. This

Peer Panel Review is just underway. The organization and the
begi nni ng of getting us up under contract and going started
in the March/ April time frane. W are a peer panel to | ook
at waste package materials performance. W were put in place

by DOE's request to Bechtel SAIC, and our report



© 00 N oo o B~ 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 OO M W N B O

253

recomendations will go to DOE

The overall objectives of what we're going to do
are to review the current bases for predicting |ong-term
performance. W're interested in both the high nickel alloy
22 and also titaniumall oy represented by Grade 7, and we
will be | ooking at the ongoing and experinental plan as well
as the performance information.

The intent is, and the goal is, to increase
confidence in |long-term performance projections by conducting
this exercise

There will be two reporting periods, an interim
report in the Septenber of this year tinme frame, and a final
report scheduled. 1've got a little nore detail later on the
scheduling, but that will be in the February of 2002 tine
frame.

There are five sub-issues or sub-topics within that
overall materials performance, waste package perfornance.

One is the assessnment of the potential degradati on nodes.
And this will be a review and an anal ysis of the types of
degradati on nodes that could inpair the waste packages, | ook
at that issue one nore tine to see if all of the potential

show st oppers have been consi dered.

More specifically, we wll be | ooking at the | ong-
term performance of passive materials. |In several of the
presentations today, the inportance of that has cone through
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| oud and clear. These alloys, both the high nickel alloy and
the titanium depend upon a passive filmfor their corrosion
resistance. |If that passive filmrenmains stable, then 10,000
year lives are clearly believable and credi bl e.

The question is what happens to that passive film
over those long tinme periods, however. And so we'll be
| ooki ng at that specifically.

Gving credit where credit is due, one of the Board
menbers, particularly chairing this session, has been really

the banner carrier on this particular issue, and much of this
response is to look at that very inportant question.

| f you ask any corrosion materials scientist person
how does sonet hing corrode, what's the corrosion rate, their
very first response will be in what? Wat's it exposed to?
And so you can't really conduct this issue w thout |ooking at
t he conposition of the waters in contact with the waste
package surface. So, again, that will be a topic that we
will be | ooking at.

The two nost likely failure nodes, corrosion
failure nodes, that have to be dealt with for these materials
are crevice corrosion and pitting, which occurs in localized
areas, and stress corrosion cracking. And one of the charges
to this peer panel, and one of the things we'll be | ooking at
and comenting on is what is the state of our understanding

of these processes, and what is the control of these
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processes.
W will be doing this under the standard peer
review criteria, which are listed here. The inportant point
is the focus of this peer panel is on review ng the
under standi ng and the technical basis for long-term
per f or mance.
W will also be reviewi ng the experinmental plan and
how that fits into performnce assessnment. But what is the
under st andi ng and technical basis at the process |evel, the

chem stry, the nechanics, the materials science that's
under way.

This is a list of the peer panel. Mself. Dr.
John Beavers is a vice-president at CC Technol ogi es, a

contract research organi zation that does primarily corrosion
research. Tom Devine is Departnent Chair of Mterials
Science at University of California, Berkeley, has a |ong
experience in passive filmstructure and conposition. Cerald
Frankel is a professor and director of the Fontana Corrosion
Center at Ohio State University, an international expert in
the area of crevice corrosion and |ocalized corrosion. Russ
Jones at Batelle-Northwest Laboratories again is
internationally recognized for his expertise and research and
performance in environnental cracking, physical netall urgy,
things of that sort. Rob Kelly is a professor at the

Uni versity of Virginia and, again, recognized for his



© 00 N oo o B~ 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 OO M W N B O

256

expertise in |localized corrosion and nonitoring. Ron
Latanision is a professor of materials science and

engi neering, with also an appointnent in nuclear engineering
at MT. Ron is the director of the U eg Laboratory. And
can report to you that |I'mdelighted that we were able to get
t hese kinds of people willing to serve and apply on this
conmi ttee.

This is a conmttee that does represent corrosion
science, and so forth, very well. And you can see the
different areas that are represented by this group.

In addition to that seven person peer panel, we
wi Il have a group of what are called subject matter experts.

These are people that are going to |l ook at nore specific
areas for us, prepare sonme witten input, also ask commenters
and di al ogue, and they will represent both U S. and
international interests and perspectives in the area of
passivity, |ocalized corrosion, geochem stry, hydrogeol ogy,
physi cal netallurgy, and so forth, some of the very inportant
i ssues that inpact on our study.

The meetings and interactions, we will have an open
nmeeting, a series of open neetings. The introductory neeting
will be held in Las Vegas on May 23rd. W will have an
interimreport where we present the interimfindings of our
study in the Septenber tinme frame, again in Las Vegas, and

there will be a final report neeting. Al three of those
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meetings will be open neetings. They will be primarily set
to present the findings to the DOE and BSC.

This introductory nmeeting will be primarily
i ntroduction of the panel and project presentations to the
panel , but then the rest will be for us to present our
results out.

W wi il be neeting as sub-groups, working groups
with the subject matter experts and peer panels. Those wl|
typically be, or will be closed working sessions. W wll be
interacting with the project people and ot her peopl e working
on the program The reports will be delivered to DOE

February and April was an organi zation, putting the
panel in place. My, the major event will be our
i ntroductory nmeeting May 23rd. W' Il be conducting our
anal ysi s throughout the sumrer. Septenber 10th is the
tentative date for our reporting of the interimresults, and
that's, not by accident, planned to be in conjunction with
your Board neeting Septenber 11th and 12th in Las Vegas.
Many of us have to travel, so we thought it would be nice if
we coul d have one trip rather than several.

W' || conplete the peer review. There will be a
final report in the February tine frame, and then the
contractor does the evaluation of our peer review subsequent
to that.

Thank you. | just wanted to let you know a little
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bit about how we're structured and how we're organi zed. This
is in response to the DOE and the project's recognition and
your recognition that performance of the waste packages is a
critical issue here. The corrosion of these packages, can
you say with confidence that a waste package at Yucca
Mountain m ght |ast 10,000 years. That's what we plan to
addr ess.
Thank you.

SAGJES: Thank you very nuch, Joe. W have tine for a
coupl e of questions here fromthe Board. Dr. Craig?

CRAIG Joe, as you know, this Board nakes a very big
deal out of open neetings. Could you explain why you' ve
el ected to run your neetings, the technical substance of the

neetings as cl osed rather than open neetings?

PAYER: Primarily logistics, Paul. | think we're going
to be going around as sub-groups. | don't inmagine our ful
group will get together as a full group any tinme other than

t hose three neetings we called out here. Again, it's not by
desire; it's just the logistics of busy people and ngjor

schedules. So two or three of us will be going to Livernore

to sit and talk to the fol ks about conposition of water on

t he waste package service. Three or four of us m ght be
meeting in Colunbus to tal k about stress corrosion cracking.
That's the reason. It's strictly reality of the |ogistics.

One of the things | did not nention, | was rem ss
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to mention that, we do plan, however, to generate, both the
subject matter experts and panel nenbers, brief wite-ups,
call themwhite papers or critical reviews or whatever. W
intend to post those on the web. [It's not going to be a
public website, but if you say, you know, you're technically
interested in this area and you want to | ook at that and
comment on that, then you're welcone to join us. That's the
way we're going to try to get sonme of the openness and a
wi der di al ogue of this.

SAGJES: Thank you very mnuch, Joe.

' mgoing to make a brief announcement on a
corrosion related activity that the Board will conduct before
turning the neeting over to Dr. Cohon. And this is a planned
i nternational workshop, |ong-term extrapol ati on of passive
behavi or.

For some tinme now, the Board has enphasi zed the
i nportance of issues related to predicting |ong-term waste
package performance. This continues to this day. In fact,
progress in understanding the underlying fundanment al
processes involved in predicting the rate of waste package
corrosion is one of the areas that Dr. Cohon enunerated this
norni ng. Those areas are, in the Board' s opinion, should be
essential parts of any such reconmendati on.

In the past two to three years, the Board' s concern

related to predicting waste package performance has focused
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on two areas. First, the resistance of Alloy-22, which is
the material selected for the waste packages, to well

est abl i shed anpbunts of corrosion. Second, once that

resi stance has been established, the nore difficult issue is
extrapol ati on and performance over extrenely long tines.

The Board's concern boils down to this. The
exposed surface of Alloy-22 is reactive. Al loy-22 derives
its remarkabl e corrosion resistance froma tenaci ous,
virtually inpervious, but very thin |layer of conmpounds on
itself called the passive |ayer

Now, humanki nd has essentially 100 years of
experience wth netals protected by such passive |ayers.

Al loy-22 itself has been comercially available for only
about 20 years, and yet based on this brief experience, we
are now extrapolating the performance of the waste package
for tens of thousands or hundreds of thousands of years into
t he future.

Now, because we believe this issues are so
i nportant, sonme nenbers of the Board have di scussed hol ding a
wor kshop that would focus on |ong-term passive | ayer
integrity, and on challenging experts to identify possible
nmechani sns affecting it.

Now, we're aware of the DOE s peer review that Joe
Payer just presented, and we wanted to wait to nmake sure that

our efforts would not duplicate those of the panel. As it
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turns out for various practical reasons, it appears that
DCE' s peer review panel will be quite formal, as has just
been shown.

Al so, the agenda for the peer review panel is quite
broad, as Joe just showed. Consequently, an informal Board
wor kshop with a very focused agenda, should conpl enment the
efforts of the DOE peer review panel pretty well.

What we're planning is essentially a round table
nmeeting, and that woul d be alnost |ike a brainstorm ng
session. Since our workshop will be confined to the narrow
topic of long-term passive layer integrity, it will be just a
day or a day and a half in length. It will start with a
presentation or two to give everyone a common basis of
know edge, continue with brief presentations by participants,
and then be followed by a round tabl e discussion of questions
furni shed before the neeting.

We plan to invite a total of about a dozen, maybe
15 experts, fromaround the world in fields |like corrosion or
el ectrochem stry to participate. W fully expect that sone
of the DCE peer review nenbers or their subject matter
experts also would participate. Naturally, it will be an
open neeting, and the Board will share the results of our
wor kshop with the DOE peer review panel.

Ri ght now, we are thinking about Thursday, July the

19t h, and maybe the next day, at a location to be detern ned.
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However, at this point, we haven't yet invited any
candi dates. So, the date or the venue may change. We will
keep everyone posted on our progress in finalizing plans for
t he wor kshop, and the details will be posted on our website
as soon as they are identified or devel oped.

COHON:  Thank you very much, Al berto, and thank you for
your duty as chair. And our thanks to all the speakers.

That concl udes the schedul ed portion of our
nmeeting. We'Il turn nowto the public coment period. W
have with us Dougl as Schnei der, who's from Representative
Shell ey Berkley's office. Representative Berkley is fromthe
State of Nevada. And he has a statenent he wants to read.

M. Schnei der?

SCHNEIDER: | would like to thank the U S. Nucl ear Waste
Techni cal Review Board for allowi ng ne the opportunity to
address the Departnent of Energy's proposal to store high-
| evel nuclear waste at Yucca Mouuntain in Nevada. This issue
is critical to me because ny district is |located 90 mles
sout heast of Yucca Muuntain, and it is ny constituents who
woul d be the nost affected by the Yucca Muntain Plan.

In 1983, President Reagan signed into | aw the
nucl ear Waste Policy Act. The new | aw began with a
reasonabl e scientific approach. The country would search al
over the nation |ooking for geological formations which were

capabl e of containing the radioactivity of high-Ilevel nuclear
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waste. The new |l aw woul d al so consider three sites to

provi de regional equity to the burden of storing the waste.
One site would be in the northeastern part of the country,
one site would be in the southeastern United States, and one
site would be in the west. These three sites would be

studi ed, and then presented to the President of the United
States for a deci sion.

Since then, politics has had nore to say about the
siting of the high-level nuclear waste repository than
science. After menbers of Congress fromthe northeast
opposed placing the dunp in the northeast, the Departnent of
Energy unilaterally decided to take themoff the list. Wen
pl acing the dunp in the southeastern part of the country came
up as a canpaign issue in the 1984 Presidential elections,

Presi dent Reagan unil aterally decided to take them off the

list.

Then in 1987, the so-called "Screw Nevada" bill was
passed into law. This bill nade the nost political of
deci sions, the designation of one site, Yucca Muntain, as

the only site, excluding any other region in the country from
consideration. Thus began the erosion of credibility of the
so-called scientific findings of suitability of Yucca
Mount ai n.

More than a decade has gone by since the 1987

amendnents to the Nucl ear Waste Policy Act, and the
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scientific evidence agai nst Yucca Mountain continues to grow.
Yucca Mountain is |ocated in an earthquake and vol canic
eruption zone. As recently as last nonth, there was so nuch
noi sture at the proposed site that electrical test equipnent
was shorted out. It is widely known that ground water w |
corrode the waste storage containers, and rel ease the deadly
toxins into the environnment.
Scientific evidence agai nst the proposed Yucca

Mountain site is plentiful, but just Iike the "Screw Nevada"
bill, each tinme legitinmate argunments are rai sed, standards
for Yucca Mountain are changed. Regarding the current
situation with groundwater and personal radiation dose

st andards, the goal posts have again been noved. The
Environnmental Protection Agency set a groundwater standard of
no greater than 4 mllirens, and a personal radiation dose
standard of 15 mllirens per year at 18 kiloneters, for the
first 10,000 years of waste disposal. Despite the fact that
t he personal dose radiation standards are significantly
weaker than simlar sites around the country, the Nucl ear
Regul atory Conmm ssion has still asked the EPA to rewite

t hese standards to allow an even hi gher dose of radiation.
The NRC knows full well that w thout reduced standards, Yucca
Mount ai n can never be found suitable. So again, the rules
nmust change.

On three separate occasions, the State of Nevada
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has denonstrated, using DOE's own data, that the site should
be disqualified under both the EPA standard and DOE s own
internal site screening regulation. And each tine, the DCE
or Congress has changed regul ations to ensure that Yucca
Mount ai n woul d not be disqualified, regardless of the health
and safety consequences to Nevadans.

In fact, the DCE has found the geol ogy at Yucca
Mountain so poorly serves the need of a repository, that over
95 per cent of the waste isolation capability would have to
be provided by netal waste containers, and other so-called
engi neered barriers around the waste. When this project
started, the idea was to find a site capable of containing
the radiation entirely through its natural geol ogic features.

That standard has since been |lowered from 100 per cent to 5
per cent.

Aside fromthe earthquakes and the potential for
vol cani c eruption, an aquifer flows beneath the nountain,
with water noving so rapidly that even wth all engi neered
barriers, radiation will unavoi dably escape the repository
and contam nate our water table. This fact is underscored by
the U S. Ceological Survey report entitled "Flooding in the
Amar gosa Ri ver drainage basin," February 23rd and 24th, 1998,
Sout hern Nevada and Eastern California, including the Nevada
Test Site.

Thi s document, which | would like to include with
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my statenent, details two floods; one in 1995 and one in 1998
t hat woul d have had severe repercussions on the proposed
repository. Mst notable is the conclusion that both the
1995 and 1998 fl oods indicate that the Amargosa R ver, the
contributing streamflow fromone or nore anong Beattie,
Forty Ml e or Topopah Washes has the potential to transport
di ssol ved and particulate material well beyond the boundary
of the Nevada Test Site and the Yucca Muwuntain area during
peri ods of noderate to severe streamflow Yet, once again,
in clear English, scientific evidence condemms the Yucca
Mount ai n pl an.

In addition to the nounting scientific evidence
agai nst Yucca Mountain, there are al so ongoi ng Cenera
Accounting O fice investigations into m smanagenent by seni or
staff, and a review of the Inspector General's report on bias
at the DCE

The first issue was brought to nmy attention by an
anonynous letter | received at ny office from an individual
who appears to be highly know edgeabl e about the Yucca
Mount ai n Nucl ear Waste Site Characterization Project. The
letter reflects a high | evel of expertise and first hand
knowl edge. It is alarmng to say the least. Anong the
al l egations are the |ack of oversight in relation to the
continually escalating lifetime costs for storing nucl ear

wast e at the nmountain, unnecessary travel abroad by senior
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| evel managers, |ack of expertise and technical background of
those in charge of the project, and an adversari al

rel ati onshi p between managers of the project and this very
body, the Nucl ear Waste Techni cal Revi ew Board. The Genera
Accounting O fice is still in the process of investigating

t hese very serious charges.

As for the second issue, as you are |likely aware by
now, the Inspector General has found that there were several
statenents in the Draft Overview and a note which was
attached to one version of the Overview, that "could be
vi ewed as suggesting a premature concl usion regarding the
suitability of Yucca Muwuntain.” O particular concern to nme
is the section of the 1Gs report that states, "Based on
correspondence received by the Ofice of the Inspector
General, it is fair to observe that, at |least in sone
gquarters, public confidence in the DOE eval uation of Yucca
Mountai n has eroded.” The |1G al so noted disincentives at DOE
for Yucca Muuntain enployees to question assunptions, or to,
in any way, "rock the boat."

The Inspector General's report serves to underscore
what Nevadans have been saying since the origin of the "Screw
Nevada" bill. Politics plays the leading role in determning
the fate of the Yucca Muuntain project.

It is pointless to discuss how we can restore the

public confidence into this dooned project. The American
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public has seen behind the curtain, and we cannot erase from
our nmenory what we have seen, a tainted process, driven by
politics, with questionable scientific nmerit. The further we
i nvestigate Yucca Muntain, the nore noney we spend, the nore
obvious it becones that Yucca Mountain is not the answer.

| again request that federal agencies change their
course, and stop trying to fit a square peg in a round hol e.

Instead of trying to change the rules to keep this proposed
plan alive, they should i medi ately begin the decommi ssi oni ng
of the Yucca Mountain Project.

Thank you very mnuch

COHON: Do you have the attachnment for us?

Thank you, M. Schneider. No one else signed up
for public coment, but does anybody care to comment at this
time? |s that Judy's hand | see? This is Judy Treichel.

Pl ease cone on up
TREICHEL: This is very short. M entire speech is on
one post-it.

What | want to request is that at the very
begi nning of this neeting, you addressed two questions, and
one was whet her or not you believed that it was the right
time for a site recommendation to be nmade, or sonething like
that. And you didn't say yes and you didn't say no, but I
woul d ask that you woul d consider no, because the | ast

presentation that was given was about the peer review that
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will not be done until early next year regarding the netal
that's so inportant for the disposal casks. And it seens to
me that that peer review should be finished because of the

i nportance of that disposal cask.

We al so, as | spoke before, we don't have any
rules, and |I've gotten several reasons for that since | made
ny first public coment, but none of themactually tell ne
when we're actually definitely in the site recommendati on

phase. So until that can be taken care of and there are sone

rules, I would think that would justify you answering no.
And just to point out sort of problens that the
public has where we're trying to do it all and we don't have

specialists that we send to each neeting, the very inportant
meeting on May 23rd, which Dr. Payer tal ked about was the
begi nning of this very inportant peer review, is also the day
that the NRC will be here to tell the public in Southern
Nevada how licensing works. | think that's premature, but
they want to do that. So that, once again, causes us to have

a real problem

And | would ask that that peer review panel also
check into other work that's going on. | know that the State
has made quite an investnment of tinme and effort and noney

into also looking at this netal, and I would think that would
be a good thing to include in what they' re | ooking at.

Thank you.
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Does anybody el se care to comment ?

(No response.)

COHON

commenters,

Seei ng no hands,

our thanks again to our public

to all of our speakers today, and to our two

col | eagues who chai red.

We stand adjourned until tonorrow at 8 o' clock in

this room

(Wher eupon,

Thank you very nuch

the neeting was adjourned, to be

reconvened at 8:00 a.m on May 9, 2001.)
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