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PROCEEDIL NGS
8:00 a. m
CORRADI NI :  Good norning. M nane is M ke Corradini.
"' m Chair of the Nuclear Waste Technical Revi ew Board, and
it's a pleasure to welconme you to the Board's first neeting
of 2003.
Let me first give you a brief background on the
Board itself. Qur Board was created in the 1987 amendnents
to the Nuclear Waste Policy Act. Congress established the
Board as an i ndependent federal agency to eval uate the
technical and scientific validity of the activities of the
Department of Energy as related to the disposal of commerci al
spent nuclear fuel, and defense high-level radioactive waste.
The Board is required to report its findings and
recommendati ons twi ce each year to the Congress and to the
Secretary of Energy.
The Board is, by |law and design, a multi-
di sci plinary group conposed of eleven nenbers with expertise
covering a wide range of disciplines. Menbers of the Board
are appointed by the President froma list of nom nees
subm tted by the National Acadeny of Sciences.
Before | introduce the nenbers of the Board, |
regret having to announce the recent resignation of one of

our nenbers. |'d like to take a nonent to reflect and share
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on the outstanding contributions made by Debra Knopman to the
wor k of this Board during her six-year tenure.

Debra's sense of responsibility to and ent husi asm
for the mssion of the Board commanded the adm ration and
respect of all the nenbers and the loyalty of the staff. She
repeat edly denonstrated keen technical insights and an
ability to focus on the issues of greatest inportance to the
Board's review work. Equally inportant was her wllingness
to listen, and her patience and her ability to get at the
nyriad of details involved in understanding the critical
i ssues. She never ceased to inpress the Board nenbers and
staff in her ability to evaluate the details precisely and in
t he proper context.

As a consequence, her judgnents were greatly val ued
and will be sorely mssed. W w sh her the very best in her
future endeavors, of which we know there will be many, and
want to convey our nost sincere and heartfelt thanks for a
j ob well done.

Now, let ne introduce you to the current nmenbers of
the Board. As | introduce them |I'd like to ask themto

stand briefly or acknow edge that they're here, and be

identified. Let nme again remnd you that we all serve in a
part-tinme capacity. In ny case, | am Chairman of the
Depart ment of Engi neering Physics at the University of

W sconsin, Madison. M/ areas of expertise relate to nuclear
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safety as well as industrial safety, with enphasis on
subj ects such as nulti-phase flow, heat transfer and mass
transfer.

Mark Abkowitz is Professor of Cvil Engineering and
Managenment Technol ogy at Vanderbilt University in Nashville.

He is Director of the Vanderbilt Center for Environnmenta
Managenment Studies. H's expertise is in the area of
transportation, risk managenent, and ri sk assessnent.

Dan Bullen is an Associ ate Professor of Mechani cal
Engi neering at lowa State University. H's areas of expertise
i ncl ude performance assessnent, nodeling, and materials
science. Dan Chairs both our Panel on Perfornmance Assessnent
and the Panel on the Repository.

Thure Cerling is a Distinguished Professor of
CGeol ogy and Geophysics and a Distingui shed Professor of
Bi ol ogy at the University of Uah in Salt Lake City. He is a
geochem st with particular expertise in applying geochemstry
to a wi de range of geologic, clinmatol ogical, and
ant hr opol ogi cal st udi es.

Norm Christensen is a Professor of Ecol ogy and
former Dean of the nicholas School of Environnment at Duke
University. His areas of expertise include biology, ecology,
and ecosystem managenent. Norm Chairs the Board's Panel on
t he Waste Managenent System

Paul Craig is Professor Eneritus of Engineering at
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the University of California at Davis, and he's a nenber of
the University's graduate group in ecology. His areas of
expertise include energy policy issues associated wi th gl obal
envi ronment al change.

David Duquette is Departnent Head and Professor of
Mat eri al s Engi neering as Renssel aer Pol ytechnic Institute in
Troy, New York. His expertise is in physical, chem cal and
mechani cal properties of netals and alloys, with special
enphasi s on environnental interactions.

Ron Latanision is a Professor of Mterials Science,
Prof essor of Nucl ear Engineering and Director of the HH
Uig Corrosions Laboratory at MT. His areas of expertise
include materials processing, corrosion of netals, and other
materials in different agueous environments. Ron is also a
Co-founder and Chairman of the MT Council on Primary and
Secondary Educati on.

Priscilla Nelson is the Director of the Division of
Cvil and Mechanical Systens for the Directorate for
Engi neering at the National Science Foundation. Her areas of
expertise include rock engi neering and underground
constructi on.

And, Richard Parizek is a Professor of Geol ogy and
Geoenvironnmental Engineering at Penn State. He is also
President of Richard Parizek and Associ ates, Consulting

Hydr ogeol ogi sts and Environnmental Geol ogists. His areas of
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expertise include hydrogeol ogy and environnental geol ogy.

Now, let nme turn to our neeting's agenda. As is
customary, we will being with an overview presentation by Dr.
Margaret Chu, the Director of the Ofice of Radi oactive Waste
Managenment, who will update us on the devel opnents throughout
her program

Next, Jeff WIllianms wll give us an overview of the
operations of the entire waste managenent system from waste
acceptance to transportation, to waste enpl acenent at the
repository. This also will be the subject of a neeting next
nmonth of the Board's WAste Managenent Systens Panel, which
will explore the sanme subject in nuch greater detail.

Followng M. WIllianms, the Board will hear about
the status of the Yucca Mountain Project from John Arthur,
the newl y appointed Deputy Director for Repository
Devel opnent .

The nmorning will conclude with an update on science

and engineering activities by Mark Peters.

The afternoon session, to be chaired by Dave
Duquette, will include presentati ons on Nevada-sponsored
corrosion studies, materials testing at Lawence Livernore

Nat i onal Laboratory, waste package manufacturing, the
i nfluence of paleosols on fluid flow and solute transport,
and pl anned anal yses of the capabilities of the barriers that

make up our Yucca Muntain repository.
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| nust say a few nore words about public conment

and the ground rules for our neeting. Mny of you know this.
| just want to repeat it. W have schedul ed our public

comment period at the end of the nmeeting in the late

afternoon. Those wanting to comment should sign the public

comment register at the check-in table. That's located in

t he back where people are com ng in now, where Ms. Linda

H att and Linda Coultry are seated. They're waving their

hands. They' Il be happy to assist you.

| f sonmeone wants to comrent and absol utely cannot
stay until the comrent period at the end of the neeting,
pl ease | et us know and we will try to accommpdate you at the
cl ose of the norning session.

Let me point out, and I'll rem nd you again |ater,
t hat dependi ng on the nunber of people who sign up for
comment, we may have to limt the length of time you have to
make your comrents during the coment period.

As al ways, we welcone witten comments to the Board
for the record. Those of you who prefer not to make oral
comments or ask questions during the neeting nmay choose the
witten option at any tine. W especially encourage witten
comments if they are nore extensive and our neeting tine
woul d not allow themto be spoken orally.

Finally, | have to offer one usual disclainer for

the record so that everybody is clear on the conduct of our
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neeting and the significance of what you're hearing. Qur
neeti ngs are spontaneous by design. Those of you who have
attended our neetings before know that the Board nenbers do
not hesitate to speak their mnds. |In fact, when they do so,
t hey are speaking on behalf of thensel ves and not on behal f
of the Board. When we are articulating a Board position,
we'll be sure to let you know that. And you can find fina
Board positions in our witten letters and reports, which can
be accessed through the Board's website.

So, let's begin by our first speaker, Dr. Margaret
Chu. She was confirnmed on March 6, 2002 as Director of the
Department of Energy's Ofice of Cvilian Radi oactive Waste
Managenment. She has over 20 years of experience at Sandi a
Nat i onal Laboratory that ranges fromresearch and devel opnent
to program managenent. Her expertise includes nucl ear waste
managenent, nucl ear reactors, energy policy, nuclear
mat eri al s managenent, nucl ear non-proliferation issues,
envi ronment al renmedi ati on, and technol ogy devel opnent.

Dr. Chu's experience with radi oactive waste
managenent includes service as the Director of the Nuclear
Wast e Managenent Program Center, and nanagenent positions to
the Waste Isolation Pilot Program a deep geol ogic repository
in New Mexico. Dr. Chu wll give us an overview of recent
devel opments within the Ofice of OCRW

Mar gar et ?



© 00 N o o A~ w N P

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

12

CHU:. Thank you, Mke, for the introduction. Thank you
for giving nme the opportunity to give everybody a quick
update of the OCRWM program

Since our |ast neeting, one of the nore major
t hings that happened was in late Cctober, | did a
reorgani zation of ny office. The main thing | did was |
created a two deputy organization. W used to have one
deputy. 1've got a two deputy organi zation, one deputy at

headquarters, another deputy in Las Vegas.

In addition to elevating the office in Las Vegas to
t he deputy level, | also renaned the Yucca Muuntain Site
Characterization Ofice in Las Vegas, that's the old name, |

renanmed it to Ofice of Repository Devel opnent to reflect the
fact that the program has turned the corner, and we're in a
new phase as a result of the site designation by the

Pr esi dent.

' mvery, very pleased to have John Arthur joining
our teamas the Deputy in Las Vegas to |lead our new O fice of
Repository Devel opnent. John later will introduce hinself to
you and make sone remarks.

At the headquarters level, in addition to program
managenent function, we now have three divisions that reflect
headquarters programfunction. First is transportation. The
second is strategy developnent. And the third is the science

and technol ogy, an international program



© 00 N o o A~ w N P

N ol e
w N B O

14
15
16
17
18
19
20
21
22
23
24
25

13

And on the M&O contractor side, we're welcomng a
new person joining us, John Mtchell, who cane fromY-12. He
will be starting early February. 1In fact, | think next week.

Bot h John Arthur and John Mtchell have a trenmendous anount
of experience in managing |arge and conpl ex prograns. |
believe they will provide the right kind of |eadership that
we need for our new phase. So, personally, I'mvery, very
happy with them

Now, | want to say a few words about |icense
application preparation. Qur schedule is such that we're
still planning to submt the |icense application in Decenber
of 2004. The key activities in this area include the post-
cl osure TSPA, the pre-closure safety analysis, repository
design, and of course addressing the key technical issues
wi th NRC.

In addition, we need to certify all the electronic
docunents in what we call the |icense and support network
system this is part of the NRC requirenents, six nonths
before we submt the license application. So, that neans by
June of 2004, we need to have the LSA, the LSA system
certified. And we have made very good progress in this LSA
systemarea, so | think we will be able to neet that schedul e
as wel | .

So, overall, | believe in the Iicense application

preparation area, we are on schedule, on track. But, for ne,
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the nost inportant thing of |icense application preparation
is to ensure the application is of the highest quality.

Let me talk a little bit about the transportation
program Like | said, our schedule for |icense application
i s Decenber of 2004, and then it will take between three to
four years for NRCto review, and to hold a hearing on our
program And, so, the decision will cone, you know, three or
four years later on whether we will get a construction

aut hori zation. And our goal is to open the repository and

start receiving 400 netric tons of waste in 2010, the end of
2010.

Now, since the wastes are |ocated in 131 sites in
39 states across the nation, the devel opnent of a

transportation system by 2010 is one of the nost critical
el ements of a successful program

So, in the next seven years, we need to have the
whol e transportation infrastructure devel oped, transportation
fleet acquired. W wll have the required shipping casks
avai l abl e, certified, and then we will have the maintenance
facilities and services available, all the supporting
equi pnent ready, the operations logistics figured out, waste
accept ance conpl eted, and energency response readi ness
conpleted. This is not a small job.

G ven the future uncertainties in a conplex program

i ke ours, we want to plan this whole transportati on program
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in a way that our path forward will provide us with the
greatest flexibility and plenty of contingencies. You know,
in the next "X" tine, I won't say when, we're not quite sure
yet, in our planning, you will see that, flexibility and
contingenci es, because | believe that's the only way we'll
make sure we will get there, given all the uncertainties.

Regar dl ess what the details m ght be, you know, the
out come of our planning, there are a few guiding principles
we'll be using in our planning process. Nunber one, public
safety and public confidence are the nost inportant

consideration in our transportation program

And, secondly, we will work closely and
continuously with other federal agencies, state and | ocal
governnents, and the other stakehol ders during our whole
pl anni ng process, because it has to happen that way for it to
be successful.

And then, thirdly, we want to use private industry
to the extent possible in our transportation program And we
want to | everage the experience and know edge of all the
transportation people, not only in the U S., also
internationally, to help us build a good system

And the fourth one, the fourth guiding principle,
we will be | ooking for opportunities in technol ogi es that
wi || enhance the safe and efficient operation of the

transportation of waste. This will also be one itemthat our
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Sci ence and Technol ogy Programw || be focusing on. And
|ater on, Jeff WIllianms is going to give you a little bit
nore detail on our transportation program

Now, I'll say a few words about our newly created
Sci ence and Technol ogy Program As we reported to you in our
| ast neeting, a Science Technol ogy Task Force was fornmed in
the last fiscal year, '02, to junp start a few ideas. And
t hen since the beginning of this fiscal year, '03, we are
very fortunate to have Tom Keyes and Dr. Bob Budnitz j oining
t hat program and helping us to initiate the Science and
Technol ogy Program And they have also tapped into a few
subject matter experts to help themin a variety of technica
ideas. So far, we have | ooked at a whole suite of ideas, and
we're in the process of developing a few potential projects.

Because of the budget situation in '03, we have
this plan, the way we're planning is sort of |ike a phased

approach and dependent on how the budget is finalized, and

then we'll decide how we're actually going to start up. And
"' mhoping in our May neeting, we'll give you nuch nore
detail on what are the things we actually will be starting.

And while we're doing the Science and Technol ogy,
our goal is to select a project that spans the whole spectrum
of our objectives, fromincreasing confidence, you know,
under standi ng our repository system to innovative high

payoff kind of ideas fromshort-termwns, to a long-term
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project. So, we're hoping to cover the whole spectrum

And ny goal is to use the Science and Technol ogy
Program and hopefully to institutionalize this program so
that our repository program can constantly take advant age of
the scientific advances in the world for nmany years to cone.
So we won't stay stagnant in the program

And, finally, I want to thank the Board, because
you play a very critical role for our program You point us
to the right direction, and you give us honest feedback, and
| want to thank you for that. And that's all. Thank you

Do | have any QA tine?

CORRADI NI . Yes.

CHU: Any questions?

CORRADI NI . Paul ?

CRAIG Margaret, thank you very much, and |'mvery,
very pleased that you got Tom Keyes on board here. He did a
good job on the Board of Radi oactive Waste Managenent.

CHU. |'m pl eased, too.

CRAIG And he's a physicist, so this is really healthy.
Wl cone aboar d.

My question has to do with how you're going to
handl e new devel opnents in science in the LA process, as we
understand that you' ve frozen input to the TSPA process
al ready, and yet science goes marching on, and of course the

role of new science is critical to what the Board is up to.
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So that is the area where we expect to interact with you a
| ot.

What will be the process for dealing with new
devel opnment s?

CHU: You know, | have sort of |ike a vague vision that

m ght work. | think whatever we do, if there are new
insights that are relevant to the existing LA nodels, a
techni cal basis, we want to feed it to them And then in the
m nimum either new insights that can be used in the
preparation of LA without disrupting, you know, w thout
creating any major things, then they ought to be fed in.

And, if something conmes in after the |icense application tine

frame, sonmething at all, there will be three to four years of
reviewtine. |If there's newinformation, it can be thrown in
during that period as part of the review cycle.

And then, of course, we are hoping to interface
with the project fromthis point on. So, the performance
confirmation part, hopefully we can have insights, too. So,
there's different things that nmay come in, sone probably
informally, sone nore formally, and then dependent on what
they are, what the new information wll be, we just have to

keep that communication very cl ose.

So, | don't know if that's a satisfying answer to
you, because it's dependent on the topics. |It's hard to give
an exanple at this point. But, the bottomline is we wll
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have very good communi cati on between the science program and
the |icense application.

CORRADI NI :  Can, then Mark

BULLEN:. Bul |l en, Board.

Actual |y, Margaret, thank you very nuch for a nice

overview. But, |'ve got a couple of quick questions about
t he points that you focused on. First is a followon to
Paul 's question with respect to the Science and Technol ogy
Program You nentioned that you would like to
institutionalize it. Could you share with us, you know,
based on the budgetary constraints that you have now, and
maybe your crystal ball of |ooking into the future, how woul d
you propose to institutionalize it so that the science and

t echnol ogy woul d be ongoi ng?

CHU. This year, | think the noney is going to be
relatively small. And then '04, for '04, we put in a good
request, and we'll see howit conmes out. And then, to nme, |
think it's critical that in the next 18 nonths, we have to

show t he potential value added to the whol e program
personally feel that's the key to institutionalizing, rather
t han keep begging for noney and then say trust nme, you know,
we're going to do this and that. So, those are the initial
things that we start, and | think it's going to be critical
for our future.

BULLEN: Well, | guess | was | ooking for maybe sonething
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alittle nore concrete, like is there a potential as the
Director that you could tax the other prograns to nmake sure
that the institutionalization occurs every year so there's a
fraction of a percent that goes to the S&T Progran? O is
that sonmething that you don't want to institute right now?

CHU: Not yet.

BULLEN: Thank you. But ny other followon question is
actually going back to |license application preparation, and
you' re tal king about the highest quality application, and we
agree as a Board that that's probably a great thing to have.

But, howis there resolution of the key technical issues
goi ng? W had nunerous KTlIs that have been, you know,
identified as needing to be resolved prior to LA. Can you
give us a little update on how KTl resolution is com ng?

CHU:  You know, | think you know that we have a
schedul e, a master schedule. From a schedul e perspective, we
are on schedule. Gkay? And what | have encouraged ny staff
to do, and make sure when we address that, really address the
key points. Now, the process is a little slow for ny taste.

There's a lot of like interactions back and forth.

What | would like is to make sure these
interactions with NRC are nore very focused, and there wll
be deci sions made sooner so we really know what are the
remai ning i ssues, so we can start working on it.

So, | think we are working toward a nore focused
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approached in these KTls to make sure really we address the
key points. And | don't want to |et the process run over the
product. Okay? So, this is the direction we're going to be
novi ng.

BULLEN: Bullen, Board. One |last quick question.

Wth respect to the fact that the budget has been a
continuing resolution, has that inpacted your ability to
address those KTls, or are the KTls at the forefront?

CHU:. It's absolutely in the forefront, unless they give
me zero dollars.

CORRADI NI : Okay. Mark, and then Dick.

ABKOW TZ: Abkowi t z, Board.

Margaret, | had a couple of follow up questions for
you on the transportation activity. The first one is that
you laid out sone issues that cul mnate in 2010, and you I
think rightfully characterized the transportation issue as
being extrenely conplex. 1Is there going to be a forma
transportation plan included as part of the license
application?

CHU: Transportation plan is not part of the |icense
application. GCkay? |It's not part of the requirenents. But,
we are working, | don't knowif you are aware, the Secretary
of Energy had made a conmtnent in his testinony to issue a
transportation plan by the end of '03. So, we are working

toward that. And we've been kind of debating oursel ves what
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| evel of detail can we provide by the end of '03. So, sone
level may be a little bit nore detailed; others may be nore
at a strategic |level, depending on where we are. So, yes, we
will be working on a plan, but it's probably nore at a
strategic level than a detailed |evel

ABKOW TZ: Ckay. M followup question is | appreciate
your comrents about wanting to be inclusive with the process
as it's devel oping, and you made nention of the stakehol ders
that you' d like to bring into this process. M experience is
that you' re dealing with a | arge nunber of different
st akehol ders in terns of their perspective, and also their
geographical location relative to the issues. |'m concerned
about how you're going to even conme up with a strategic
approach by Decenber, and being fully inclusive in this
process. Do you have a plan to have custoner focus groups?
Is there going to be a lot of transparency to this as you go
forward? Because public confidence will be a critical issue
inall this.

CHU. R ght. Actually, our program has had nmany years
of working relations with a lot of focus groups that relate
to transportation all these years. So, there is existing
cooperati ve agreenents already, working groups throughout.
VWhat we are trying to do now is gear those relations up in
the very near future as our basis. And then actually as part

of the transportation program we're going to have what we
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call our institutional plan. That's really the whole thing.
And then | hope Jeff later on, Jeff, naybe you can
talk a little bit nore about that. Yes, it is very inportant
to us. Yes, it is hard.
CORRADI NI :  Dick, and then Ron.
PARI ZEK:  Pari zek, Board.
On the listing of topics to study, I"'msure if you
ask for input fromall sorts of researchers, you' d get a
whol e shopping list of things to do. Is it task force role
to sort through and figure out what projects mght be funded

inthe initial period when you have limted noney, and |ater
on, even as you have nore noney, in order to decide which
projects are likely to give you the nost value added into
this whole process? O do you have sone external people also
involved in the review?

CHU. Right.

PARI ZEK: Because, in other words, you could have in-
house biases in terns of the interesting projects some people
woul d i ke to pursue, but may not always represent this broad

spectrum of needs you have.

CHU. 1'Il tell you, because of the funding situation,
and initially we'll have a small group of people working on
it, our plan has been this year, Tom Keyes and Bob Budnit z,
what they have done is tap into basically the existing

communi ty, okay, know edgeabl e about what's going on, and
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then try to extract what are the things people have been
sayi ng, how come RWhasn't | ooked into this, how cone they
haven't addressed this. GCkay? And use that as the basis of
our initial thing. And as FY '04 cones, our planis to
formalize the proposal solicitation process sonewhat.

See, the thing is I'"'mvery sensitive. | don't want
to create a huge bureaucratic process. So, we need to keep
it bal anced between tapping into people, but we're not
famliar wth those fol ks, and they have trenendously good
i deas, and we want to nmake sure we don't mss it.

So, nowit's very informal. Oay? And we tap into
an existing pool of folks for know edge, but the next phase,
we can expand it so that there will be a nore forma
solicitation process so we nmake sure we don't mss the good
i deas.

PARI ZEK: But it will still be the task force nenbers,
guess, what, six nmenbers?

CHU. R ght. They're going to be with us. And then,
you know, those six menbers, and then maybe |later on, we want
to expand, depending on, for exanple, we don't have anybody
real ly know edgeabl e on transportation issues, for exanple,
right now, we may want to expand that so we bring in people
who have that know edge. So, it's a pretty fluid kind of a
review task force for us.

PARI ZEK:  Thank you.
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CORRADI NI :  Ron?

LATANI SION: Actually, | think you' ve basically answered
my question in response to Mark's regarding the issue of
public confidence, and developing that. So, |I'll pass on
t hat .

But, | do want to add ny pleasure in |earning that
Joe Payer will be joining Bob Budnitz and the crew.

CHU. Right. He is on the review group for us.

LATANI SION: Right. As you know, |'m sure he was
chairman of a panel on which | had great pleasure in serving
related to the waste package issue a year and a half ago, a

great addition.

CHU. Thank you.
CORRADI NI Priscilla?
NELSON: Nel son, Board.

This may be a question of semantics, but as | was
readi ng the response that you prepared to our letter, | was
struck by use of the word "technology.”™ And in the sense of
exactly what it was and when it was used, was science

included? O was science separate understandi ng, and
t echnol ogy separate sol utions, new devel opnents? So, the
sense that | have here is is there a difference between the
two?

CHU. Not tome. Inny own mnd, it is the sane sort of

stuff.
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NELSON:. Ckay. Because in the specific context, many of
the actions that are tal ked about in here are really tal ked
about in terns of technology, in your response. And it was
nmy perception that science was, well, we need a fundanental
under st andi ng, but what we're really after is the technol ogy,
and that was the flavor that I took fromthe response. And
t he bl endi ng of the understandi ng, which necessarily mnust
integrate across the various parts of the project and the
i ncorporation and finding of new technologies is a major area
for the future of what you want to have happen. But | can
see if it's separate, things happening that may counter.

| was just talking with sone of the other Board
menbers this norning about the discussions regarding
evolution of the drift environnment, and what is the chem stry
of the water, what's going on with corrosion, and then
separately tal king about sonme of the seismc stability
i ssues, and having backfill still as a possibility, but not
really considered for the corrosion aspect. So, it becones a
case of if technology gets devel oped to sol ve problens as
they arise, sonetinmes the broader science view that m ght
identify interferences may not be highlighted.

CHU. | very much appreciate that comrent. Actually,
we' re doing, Tom Keyes and Bob Budnitz, this is sonething we
have tal ked about is not |osing sight and then just start

goi ng down one area, because what we're really trying to do
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is the whole thing. So, to ne, it's really science and
technol ogy to have to view it both ways. Sonetines you
understand the scientific things nore, and then you cone up
with the technol ogy solution. O when you try to bring in
t echnol ogy sol utions, you realize there are additional
scientific issues pop up. You really need to look at it
holistically, and then | ook at the whole thing. But | very
much appreciate your comrent.

NELSON: Thanks. That's good.

CORRADI NI : Ot her questions?

(No response.)

CORRADI NI :  Thank you, Margaret.

CHU. Thank you.

CORRADI NI :  Qur second speaker is Jeff WIllianms. He has
been with the federal governnent for over 21 years, and with
t he Departnent of Energy in the Ofice of Gvilian
Radi oacti ve Waste Managenent for over 16. He has worked on
and managed several aspects of the waste nmanagenent program
i ncludi ng Environmental Assessnents and Site characterization
Plans for the potential repository sites.

He has al so worked on and managed system studies
and conceptual designs for a nonitored retrievabl e storage
facility, multi-purpose canister feasibility studies and
conceptual designs, integrations of the DOE waste into the

OCRWM system total systemlife-cycle cost, fee adequacy
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reports, and international activities.

Today, M. WIllians will summarize for us the
proposed operations of a waste managenent system fromthe
wast e acceptance to transportation, to final enplacenent
wi thin a Yucca Mountain Repository.

Jeff?

W LLI AMS: Thank you. Thanks for the introduction.

This is actually a presentation of the overal
system and | think I have 20 mnutes, and it |ooks |ike
we're a few m nutes ahead of schedule. | really wasn't
pl anning to tal k about the transportation plan per se, since
there's a panel session at the end of February to tal k about
that in nore detail. But, this is a eye |level view, sort of

an elenmentary | evel presentation on how the overall system

can operate. | probably have a bit nore slides than | can
cover in the short period of tinme, but I'll go through them
qui ckly.

From an overall standpoint, this is a slide just
showi ng the architecture. Qur goal is to accept waste, which

| don't think that the Board has heard nuch about over the
years in ternms of our relations with the utilities. So, I'l
spend a little bit of tinme on that.

The transport waste, repackage it at the repository
and enplace it. This is just a list of many of the major

parts of the system | think you probably know the first
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repository is scheduled to hold 70,000 netric tons of waste,
63 of which will be commercial spent fuel, 7,000 defense
waste. This presentation really focuses nore on the
commerci al aspect of it.

kay, what | thought I would do, first of all, sort
of look at what the situation will be like in 2010, what
we'll be facing. And | thought 1'd start with the utility
side. CQur projections are that there will probably be about
72 comercial sites with 104 operating reactors. Today,
there's 103. Brown Sperry has said that they plan to restart
in about 2007. There's seven reactors that their |icense
will expire prior to 2010. Five of them have either applied
for a license extension, or announced their intent to do
t hat .

In the year 2010, those reactors will have
gener ated about 64,000 tons of spent fuel, generating at a
rate of about 2,000 tons a year. At that time, of that
64, 000 tons, 53,000 will be in spent fuel pools, whereas,
11,000 tons of that will be already packaged up into dry
storage at the utility sites. This will be the ol der, colder
fuel. There will be 44 sites that have dry storage
facilities in 29 different states.

This slide shows a little bit about dry storage
technology. | renenber talking with you about this. It

probably wasn't you, but the Board, in the '93 and '94 tine
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frame when it was starting. It's inportant because 11, 000
tons of the inventory will be in dry storage at utilities at
the tinme.

So, basically, what's been devel oped at the
utilities are different types of storage technologies. Early
on, this is a surrey plant in Virginia, Virginia Power. [It's
actually called Dom ni on Power now. There are bolted netal
casks made for storage. Their intent was that they would be
transportable. However, they don't have transport |icenses
now, and | think the technol ogy has changed a bit, so that
t hey probably won't be transportable. They're what's called
si ngl e purpose storage casks.

Subsequent to that, becanme sone canister
technol ogi es where a canister of nulti-el enments was pl aced
into a concrete container. And those technol ogi es are wel ded
shut and they're in storage at utilities.

Subsequent to that began the devel opnent of dual
pur pose technol ogi es, both wel ded cl osed technol ogi es, as
wel | as bolted closed technol ogies. The bolted ones could
easily be transported and renoved, whereas, the wel ded ones,
to be repackaged, would need to be cut open.

One thing that's significant about these is that
they're all heavy. They're big, and they would require
transport by rail. So, froman overall waste managenent

system you see what you're looking at if you're going to
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t ake t hese.

The next slide basically shows our target waste
acceptance rates starting in 2010 at 400 tons, going up to
3,000 tons within four years. 1'd like to make it clear that
these are, as the bottomof the bullet says, these rates are
schedul ed, are targets only, and they do not create any
bi ndi ng | egal obligation on the Departnent.

The plans would be to then receive this waste over
a 24 year period. This is just the conmmercial waste. The
DCE waste would conme in at the sane sort of levels, with
about 10 per cent nore each year, which over 24 years, we go
up to 63,000 tons, or so, of commercial spent fuel wth about
7,000 tons of DCE waste.

Okay, nowif we turn to the utilities and we | ook
at the contract that we have with the utilities, basically
the manner in which we accept this fuel is really guided by
that contract, and the contracts were signed in 1983, and
they're currently under litigation right now

So, one thing that's inportant about the contracts
is DOE doesn't have the ability to select what fuel we want,
because the contract |ays out the rules by which these things
are done. The contract established what's called the ol dest
fuel first rule. 1In other words, the first fuel that was
di scharged fromthe reactor earns an allocation for that

utility for it to go into the queue for waste acceptance.
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We issued, well, we did it up until about 1995,
sonmet hing called an acceptance priority ranking and an annual
capacity report. And those are reports that are avail abl e.
The | ast one was devel oped in 1995. The acceptance priority
ranki ng report basically shows the order in which plants
earned their right inline. So, if you look in the report,
it wll say Dresden 1 discharged 30 tons in such and such a
day, and it's got the first right. And that Dresden 1 then,
that right actually goes to the utility that owns Dresden 1
whi ch happens to be Excel |l on.

Excel l on has 20 plants right now. So, Excellon has
maybe 30 tons out of the first 400. Actually, | think it's
52.2 in 1998. And although that right was earned by Dresden
with that spent pool batch, Excellon could give us whatever
fuel they would like to out of what they have at those 20
plants. So, the point is is that basically, we don't have
conplete flexibility over what we accept fromthe utilities.

The next slide tal ks about acceptance criteria, and
this is geared basically towards the standard contract and
the commercial spent fuel. Basically, we have our obligation
to receive all the commercial spent fuel regardl ess of what
type it is, or what condition. There's no other facility
that's out there that's planning to pick up failed fuel.
There's no failed fuel repository. W're it. And, so, our

obligation extends to all the fuel.
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The contract does say, however, that utilities are
required to classify fuel as either standard, non-standard,
or failed, and anything other than standard fuel is subject
to del ayed acceptance. Now, like | said, our obligation
extends to all fuel.

Now, the nulti-elenment canisters that | tal ked
about that are at storage at utility sites, a canister, for
exanpl e, has 21 assenblies. They may be wel ded shut. Those

aren't covered by the contract right now \Wen the contract

was signed in 1982, those technologies didn't exist. If you
read the contract, it tal ks about PWR, BWR spent fuel. It
tal ks about the sizes and shapes of them but it has nothing

in there whatsoever about canisters or dry storage
t echnol ogy.

kay, the next slide tal ks about how we schedul e
the pickups. And, basically, utilities, purchasers wll
submt what they call a delivery commtnent schedul e
identifying the location and range of fuel to be picked up 63
nont hs before delivery. The utilities were submtting these
in 1993, '94, '95, and we actually approved sonme of these
delivery conm tnent schedul es, and we've approved delivery
comm t ment schedul es for 2,850 tons of DOCE spent fuel. So,
we have basically an agreenent with the utilities for what
fuel will be picked up for that first 2,850 tons.

And, again, this is something that's al so under
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litigation, and depending on how the litigation turns out
will guide us in how we pick up fuel. This first 2,800 tons
is basically for the first few years of waste nmanagenent
oper ati ons.

Once the fuel is picked up, next we go to the
transportation cask fleet. In our EIS we evaluated two
different scenarios. One, shipping nostly by truck, and,
two, shipping nostly by rail. This is consistent with
Margaret's statenment about being flexible and trying to
under st and what happens under either scenario.

| think the nost inportant thing about this is
under the nostly rail scenario, there will be about 170
shipnents a year. This is a projection that could change
somewhat, depending on whether it's 80 per cent rail, 85 per
cent rail, whether the spent fuel casks are fully | oaded,
partially | oaded, whether they hold 28 assenblies or whether
they hold 17. So, this is a rough estinmate.

Under the nostly truck scenario, you can see there
will be over 2,000 shipnments per year. The estimate that was
done in the EI'S had 2,200 shipnents per year. The bottom
line there shows the size of the cask fleet that would be
required for either scenario, and the biggest difference
bei ng the nunmber of truck casks that would be required under
a nostly trucking scenario.

Under the nostly trucking scenario, we have al ways
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assuned that the Navy fuel will be shipped via rail. It's
packaged up in multi-purpose canisters.

One other point there on the bottom of the slide,
the FEIS states that preference is for rail for both Nevada
and nationally.

Okay, next 1'd just like to talk a little bit about
what ki nd of technol ogy already exists today. Earlier on,
tal ked about the dry storage at the utilities, and nost of
the, or several of those technol ogies for dry storage have
al so now been certified for transportation. So, these are
basically a list of the transportation casks that are
certified by NRC, or at |east have been submtted to NRC for
certification.

You can see the first, there's close to 30 casks

t hat have already been certified and built and | oaded with

fuel. So, those are sitting at reactor sites |oaded with

fuel. They're certified for transportati on and storage.
Once again, these are very large. They would

require rail or heavy haul shipnent. And a heavy hau

shi pment of one of these is not a sinple task at all. It
woul d require an extremely long truck. | didn't bring any
pictures of it, but it's not an easy task. So, they're

primarily rail. They are dual purpose casks. And | don't
want to go into all the different characteristics about them

but they're designed to hold the fuel that's being di scharged
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fromthe reactors and needing to be placed into storage.

Ckay, the next slide shows the existence of truck
casks. And, basically, we have nuch fewer truck casks, and
t he reason why there's an enphasis on rail casks is because
it's been driven by the needs of the utilities to do dry
storage, and it's nmuch nore economcal to build a | arge cask
with 20, 25 assenblies as opposed to a small truck type of
cask.

However, NAC, Nucl ear Assurance Corporation, does
have a certified transportati on cask that holds one PWR
assenbly, or two BWR assenblies. Also, there's eight of them
t hat have been built, and it's being used today for different
research reactor type fuel shipnents, as well as foreign
research reactor fuel shipments. | think a shipnment is
pl anned from Brookhaven this year, which would use a NAC
cask.

Then there's two other ones, the CGeneral Atom cs 4,
which is for four PWR assenblies, and the General Atom cs 9,
whi ch are outgrowt hs of a programthat DOE funded begi nni ng
in about 1988 to develop a truck cask. W stopped funding
that in 1996, but General Atomi cs on their own did go |icense
their PMR truck cask. So, it's a high efficiency truck cask

It holds four nore assenblies than the NAC cask. It's right
on the border of being a | egal weight truck, in other words,

being able to transport on the roads w thout overwei ght
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permts. |'ve joked about we'd need a jockey to drive it.
So if I was going to drive that truck, it mght be
over wei ght .

And the GA 9 doesn't have a certification yet,
that's a BWR cask, neither of which have been built. W did
pay for the building of a scale nodel test of the GA 4 cask
and it was tested in the md N neties.

Okay, this next slide basically shows out of those
exi sting casks, you're |ooking at the spent fuel that's in
storage at the reactors in the year 2010, and what those
casks, what will we cover out of that spent fuel out of those
fuels. And we plotted PAR and BWR, and it's basically the
exi sting casks that are certified out there will carry about
67 per cent of the BWR fuel, and about 55 per cent of the PWR
fuel.

It's expected, however, that the industry is going
to continue to nodify those casks on their own to increase
the capability, because they need that as hotter and hotter
fuel comes out of the pool, they have need to store hotter
and hotter fuel, so they will plan to, we believe through
di scussions with them they plan to continue to upgrade their
designs, their certifications, to be able to handle basically
the full range of fuel

kay, this next slide is basically just summari zi ng

the last fewslides that | told you about. | think Margaret
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even nentioned, and the |law tal ks about, DOE is going to use
what says the industry to the maxi num extent practicabl e.
What we plan to do is use existing casks, existing certified
casks. In other words, we don't have a mmssive effort, |ike
we did in the Eighties, to go design our own transportation
casks.

As | just said, the existing casks may need to be
enhanced to transport higher burn-up and hi gher enriched
fuel. W expect that to take place through the industry.
| ndustry's enphasis has been on the large rail casks, and
that's primarily been because of the econom cs for storage.

For a nostly truck scenario, additional technol ogy
devel opment is required. W've got the GA 4 and the GA 9 and
t he NAC cask. However, they haven't been built yet, and we
believe that there is additional technol ogy and roomfor sone
nore enphasis in that area. One other area is the DOE spent
fuel and the high I evel waste. Casks for that will need to
be devel oped.

This slide is basically just the NRC cask
performance requirements. Regulations require that the casks
nmeet these performance requirenents, puncture to drop test of
10 neters, followed by a puncture test onto a spike of four
inches, followed by a fire, 1,475 degrees for 20 m nutes, and
an eight feet underwater imersion. There's additional cask

tests.
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The denonstrations can be done either by analysis
or tests. Regulatory accident tests cover about 99 per cent
of the accident conditions. NRC has been proposing to do
full scale cask tests, and actually RWrequested funds in '03
to support those tests. So, | think you all know, and
Margaret said that we've been on a continuing resolution al
this year, so we haven't provided any funds.

The next slide is our requirenments docunents,
basically showi ng sone of the things |I've already said.
Private industry will be used to the fullest extent
practicable. This is the highest |evel requirenent docunent
that we maintain for our program Basically, we say that
operations need to have the flexibility at the repository to
receive by rail, heavy haul or legal weight truck, and they
need to have the flexibility to receive any of these
di fferent casks that may be devel oped, single purpose casks,
casks that are either multi-purpose canisters, dual purpose
cani sters, transportable storage casks, and the specialty
casks, such as South Texas Long Fuel transportation casks, or
anything el se that nmay be devel oped.

Basically, the requirenents say that we need to be
ready for anything, and these are sort of the things that
we' ve identified.

One last thing on the transportation of single-

pur pose storage casks, | nentioned early on that nmany
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utilities have put their fuel in dry storage at the utilities
in technologies that aren't certified for transportation, and
t hey basically have a couple choices. One is they can open

t hose containers back up and repackage into a certified
transportation cask. They could do that. Actually the DOE
in concert with EPRI, devel oped a dry transfer systemfor
doing that that's been reviewed by NRC.

There's also the possibility that they may seek a
one tinme transportation exenption to be able to transport
their storage technologies to a repository.

The next slide, over the years, there's been a | ot
of interest in nmulti-purpose containers, in other words,
containers that can be stored, transported and di sposed of.
As a matter of fact, the DOE funded that program from 1992
t hrough 1996, and then stopped funding of the program not
because we didn't support it, we do support the devel opnent
of multi-purpose canisters, and as a matter of fact, the Navy
is moving forward with that. W would expect | think in a
draft RFP for transportation services that cane out in 1998,
we said that we supported the devel opnent of nulti-purpose
canisters by the private industry. And should any of them be
successful, we would share the savings on our systemwth
them The details of that have never been spelled out.

Routing for OCRWM Shi pnents. Once we pick it up,

then we need to ship it. Qur plans are to begin selecting
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routes approximtely three to five years before shipnents
begin. Qur interactions with regional planning groups have
basically--that's basically what they are |ooking for, is
three to five years ahead of tine.

We did identify prelimnary routes in the EI'S, and
those were evaluated. And as Margaret said, we're comitted-
-conmitting to working with the states, commtted to working
with the states and tribes, and we'll consult with themin

the selection of the final routes and our planning. W

haven't laid out the details of how that's going to be done
yet .

As far as route selection, we need to follow the
rul es for highway routing selection. Basically, the carriers

select the routes to reduce transit tine in accordance with
DOT"s regulations, mainly followi ng the interstate highways,
bypasses. Also, a state or tribe may designate an
alternative route, consistent with DOT regul ati ons.

As far as rail routing is concerned, there's no
federal rail routing regulations. Current DCE practices for
ot her DCE shi pnents has been to mnimze the tine, mnimze
t he di stance, mnimze the nunber of carriers, interchange
poi nts, maxim ze the use of best available track, and in the
ElIS, we used the conputer code called INTERLINE to identify
t hose potential corridors.

Okay, once we transport it, we finally get to the
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repository, and what do we do with that? Before
transportation takes place, we need to know what's going to
happen with that fuel. Do we need to blend that for a

col der, hot/cold thermal nanagenment strategy at the
repository? Does it need to be surface aged prior to

storage? Anyway, that's inportant to know ahead of tine.

When the casks are received, they'Il be received,
swabbed, and they'll be unloaded. |If the fuel is going to
disposal, if it's in a bare fuel transportation cask, it can
be | oaded directly into a waste package. If it's in a

cani ster, welded canister, it my need to be cut open and

| oaded into a waste package, or that canister may be | oaded
directly into a waste package if it's a disposable canister
such as the Navy's.

If it's going to storage, bare fuel could be placed
into storage casks such as what they're using at the
utilities today. Canistered fuel could potentially be
transferred to the sane type of storage cask that's used at
the utilities.

This next slide is the surface layout, and this is
the latest one that's in the conceptual design report. Once
again, the February panel is going to go into quite a bit
nore detail on all these things, the transportation plan, as
wel | as, | understand, a presentation on the surface

operational aspects, as well as underground.
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This one here shows basically the repository--I
don't know if there's a pointer--this shows the current plan
for phasing, where things within, this is the fence |ine
right here, this is the first phase. And what's included in
the first phase is a transport receipt building. |[If you can
see on your slide, | think it's called a TRB, like the
Techni cal Revi ew Board, transport receipt building, and
that's where the transportation cask is received. The inpact
[imters are taken off. [It's swabbed down, and so forth.

Over to the right of that is the disposal canister
preparation building. And then behind the two major
buil dings right here is what we call a dry transfer--1"'m
sorry--this is the major building for transferring spent fuel
in Phase 1. The dry transfer building has a wel ding
capability for the waste packages. It only a capability of
recei ving and packaging 500 to 1,000 tons per year. So, the
second phase, which is outside of that first fence, needs to
cone on line by year three to maintain our acceptance rates.

The capability of that first building in Phase 1 is
about 500 to 1,000 tons per year, depending upon how it cones
in. If it comes in in truck casks, we have a nuch | ower
capability to process waste, because when you' re opening a
truck cask with only four assenblies or two or three
assenblies, you still have to take off the inpact limters.

You still have to go through a nunber of the same steps as
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you would a rail cask that holds nmany assenblies. So, we can
process nore fuel with a rail cask than we can with a truck
cask. So, that's why the capacity, the through-put capacity
vari es.

This one down here in Phase 2 is a bigger dry
transfer building. 1t has nore capability, nore lines for
wel ding. And this one down here actually is called the
remedi ation building, and it has a pool in it, and the pool

could be used for hot fuel aging, for exanple. And as | said

before, you'll get a lot nore detail on this in February.
As we go underground, the potential underground,
think you' ve seen this phased approach before where the first

four panels are sufficient to hold 70,000 tons at a two neter
spacing, with panel five having approximately 25 per cent
nore capacity. It's a nodul ar approach where we can all ow
adaptive staging to apply |l essons | earned fromone phase to
t he next.

The first phase will use the ESF to construct that
panel one, and the panel one construction takes about 27
nonths, which is quite a bit of an inprovenent fromthe SR
design to be able to get ready for enplacenent.

The next slide shows underground, once we go
under ground, the enplacenent drift transfer dock. This is
t he waste package transporter. You can see it's now on

wheels. | think earlier designs, it was not on wheels. But
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the waste package and its pallet will be in this waste
package transporter, along with the transfer dock that the
wast e package sits on, and as it's transported through the
repository down to the drift, this is at one end of the drift
where it's docked up with the drift, the waste package w ||
be inside the waste transporter. And when it's docked up
with the drift, the enplacenment gantry right here will pick
up the waste package and the pallet, and will nove it down
the rail lines and enplace it in the waste package. One
other thing about this slide, it shows the steel sets in the
drift and the rock bolts.

Okay, the next slide gets to the configuration of
t he waste packages. | think you' ve heard a | ot about waste
package corrosion, and so forth. It's a two |ayered
stainl ess steel C 22 waste package. But what this one shows
is it shows a PWR waste package, a BWR waste package, and
t hen anot her one, a codi sposal waste package with cans of
hi gh-1 evel waste glass right there. Actually, the way this
one is laid out, I"mnot sure whether it would be packaged
that way with one DOE spent nuclear fuel assenbly also in the
m ddl e of high-level waste glass. That detail is still under
review. But it just shows how those coul d possibly be m xed.

That's actually the end of the slides. Then
there's a summary slide there that | don't think I--1 don't

have the summary slide with nme, but basically, sone of the
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points | nade, waste acceptance planning is difficult because
we can't pick exactly what we want. Industry has done a | ot
of devel opnent. W plan to use private industry. W've
stated our preference for nostly rail. And we plan to sel ect
routes three to five years before shipnent begins, and at the
repository, we have the capability to blend or age spent

fuel.

And that's sort of an overview. | didn't address
some of the things Margaret asked on the transportation
pl anni ng, because that's not what | thought |I was asked to do
at this presentation, and we'll address it at the end of
February.

CORRADI NI :  Thank you very nmuch. Questions? Dave, and
D ck.
DUQUETTE: Duquette, Board.

If rail is preferred, will there be a major effort
to have to build spur lines or trunk lines to carry the rai
out? And the second question is tied to that, is do you
envi sion dedicated trains, or will this be m xed with other
commercial activities on railroads?

WLLIAVS: The first one is yes, there would be, to get

t hese | arge heavy | oads there, it has to either be by heavy

haul or by rail. W've stated our preference of rail. W
haven't made a firmdecision on rail. The EIS evaluated five
different rail routes to Yucca Muwuntain, ranging from about
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100 mles long, to a little over 300 mles long, ranging in
cost from | don't know, $300 million to a billion dollars to
build those things. So, that would be a major decision that
woul d need to be nmade, is what corridor would we sel ect.

CORRADI NI : Just for clarification, so this is at the
end station?

WLLIAVS: At the end station, right. And, actually, at
the other end of the side, there's many of the utilities may
not have rail capability, where you woul d need a heavy hau
or barge to arail at the utility site. And Nevada is where
' mtal ki ng about building a rail, where you have no pl ans
for building rails at utility sites.

DUQUETTE: If they're needed at utility sites, who would
be responsible for building thenf

WLLIAVS: DCE is responsible for doing the shipnent.

W take title to the spent fuel once it's | oaded at the
utilities. Oay? And in accordance with the contract, |'ve
ski pped over a few things, we've asked the utilities over the
years how they would prefer us to ship, and about 90 per cent
of themsaid rail casks.

Now, sone of those don't have rail capability, and
it wll have to be heavy haul, it will have to be barged.
There's barge slips at sonme of them And that's sonething
that we would have to work with the |ocal comunity on.

know when we went through the EI'S process, there were a | ot
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of comments about barging, especially in the east, a | ot of
negative coments, and that's sonething we would need to work
with the utility. | think once they saw heavy haul, there

m ght be sone negative perceptions of that.

The dedicated train question, |I'd say the question
is still upin the air. There's strong opinions on both
sides. The Departnent of Transportation has been doing a
report on the value of dedicated trains for a long tine. |
think we'll wait to hear what that says.

CORRADI NI :  Dick and then MarKk.
PARI ZEK:  Pari zek, Board.

Regardi ng the question of failed fuel, perhaps you
could hel p ne understand what failed fuel is. Froma public
perception point of view, it would seemlike maybe it's nore
hazardous to deal with that. You say you mght take it
| ater, which nmeans would industry be inclined to fix it so
it's no longer failed in order to get it out of their plant?

WLLIAVS: Well, | think the normal industry practice
may be to can it. Gkay? Can it in a small can that's the
sanme size as the spent fuel assenbly for transportation.

Basically, failed fuel is sonething where the
cl adding has failed, and you can tell that it's failed. The
problemis is in a spent fuel assenbly, there may be fuel
rods inside that assenbly that we don't know that they've

failed. So, you know, if it's obviously failed, then yeah,
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it's subject to del ayed acceptance. However, we are required
to take it. W're going to have to figure out a way to take
it. Can it, you have to get special certification from NRC
for transporting it, and for storing it if you know that it's
damaged.

PARI ZEK: If you receive waste, and you say you swab it,
and so on, but you find it's not like you want it, do you
send it back, or you're stuck with it?

WLLIAMS: No, we can't send it back. W have to have
the ability to deal with it. And that building in the second
phase called the remedi ati on buil ding has a spent fuel pool
when the capability to deal with what we call off norma
events will be designed into that buil ding.

PARI ZEK: One ot her question about interimstorage. You
didn't nmention that. Are you planning on storage on the site
in view of the waste, or handling rates that you can with?
mean, you could surely go to interimstorage. Are you
pl anni ng that now?

WLLIAMS: 1'd say we have plans for a limted anmount.
And dependi ng upon how things work out, as a matter of fact,
that drawing | think shows | think the capacity is about
1,000 tons. The surface layout drawing, | believe that says
surface storage. That has a capability of about 1,000 tons.

If we were to need nore than that because of sone therma

strategy or a change in how we, or let's say there was a
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government deci sion that we needed to pick up waste nuch
faster than our target rates, sonething happened out there
and there was a national energency, then we would have to
develop the capability. And we've identified other places
where storage could take place. But there's 1,000 tons.
CORRADI NI . Mark?
ABKOW TZ: Abkowi tz, Board.

Thank you very nuch, Jeff, for your overview It
hel ped ne understand a few things a little bit better.

| really want to nake a couple of comments, and
you're free to comment back if you'd like. There are sone
issues that | think are very inportant as this goes forward,
because this is an entire system there's a lot of different
activities involved in it, and the interactions between those
activities are very inportant. So, | hope that as the
process noves forward, DOE will take a holistic systematic
| ook at the entire process.

There are a few things that |'m concerned about
that | hope will be included in that. Nunber one, the worst
case scenari os were devel oped before 9/11 and, consequently,
some of the issues that we are now aware of as to what could
happen and the potential consequences associated with them
require rethinking some of that. And, so, | hope there wll
be a security elenment to this process.

Secondly, | see that the presentation is really
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focused right now on what | would call |ogistics and not
operations. At sonme juncture here, we have to go beyond do
we have the capacity to nove this stuff from"X" to "Y' and
get into issues of how that's going to happen in terns of
just a few things on that Iist would be maintenance, carrier
sel ection, energency preparedness, conmmunication, and we
could go on
And then, finally, | hope that the process will be
cogni zant of the fact that there will be a confluence of
t hese shipnents as they start to nove fromtheir various
origins to their destination. 1In doing so, you're going to
have | arger vol unes of these shipnents congregating as it
noves towards Nevada. So, we need to be aware of the fact
that it's not a |linear process per se.
And, also, froma public confidence standpoint, as
t hose shi pnents congregate, you're tal king about passing them
t hrough communities that really didn't have any benefit
directly fromthe energy that was produced fromthe process.
And, so, public confidence in the safety and security
beconmes that much nore inportant.
Thank you.
WLLIAVS: Yes, | think I couldn't agree with you nore.
Everything you said I think is things that we're thinking
about. You know, we haven't devel oped energency plans,

security plans, yet and things like that, but they are



© 00 N o o A~ w N P

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

52

definitely on the top of our mnd, and | think that we would
be pleased to work with you as we develop this. This is, |
think sort of a new begi nning where, you know, we have the
opportunity to get a lot of input frompeople. So, | don't
have any argunments with you at all.

CORRADI NI : Dan, then Priscilla.

BULLEN: Just a couple of quick questions. Could you go
to Slide 12, please? This basically shows the burn-up
probl em that you have wth the transport, and you're | ooking
at the fact that if you have a very aggressive transportation
schedul e of 24 years or so to get everything to the site, you
may run into some problens.

Maybe it's an obvi ous answer that you just used,
the rate of packages and nore shipnments, but you seemto be
counting on the devel opment of enhanced technol ogy by the
private sector. Are you doing anything to aid in that
devel opnent ?

WLLIAMS: Well, right now, we're not. | nean, that's
one thing that we' ve been thinking about doing, and actually
in our '03 budget, we tal ked about high efficiency, high
burn-up, rail casks, the need for devel opnent of that.
However, like | said, after we've been talking to the
i ndustry, basically, their viewis that they're going to need
this prior to 2010, and different people have been talking to

us about the technol ogies they' re thinking about.
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So, | think this is a question that needs to be
answer. You know, | tell you six nonths ago, we were saying
that, yeah, we're going to need to develop that and fill in
that gap, but the industry has been telling us that they're
going to do it for us before 2010.

BULLEN: Bul |l en, Board.

|"mvery pleased that you're talking to the
i ndustry, which leads ne into ny next question. You
menti oned the nulti-elenent canisters are not covered in the
wast e acceptance criteria, having been devel oped since the
criteria were devel oped.

Except for the fact that the utilities are now
| ooki ng at the econony of scale, |I nmean, it's cheaper to put
it into a bigger waste package, and recently, we've |ooked at
designs that are even bigger than the ones that have been
approved, all the way up to 69 boiling water reactor
assenbl i es, and maybe 36 pressurized water reactor
assenblies, those are really big containers. And, so, the
question that | have is is there any effort by the DCE to
speak to the utilities and to maybe design an interface that
woul d say, you know, we can only bury 21 PWRs and 44 BWRs,
why don't you take title to the fuel, put theminto those
types of transportable containers, and not have to reopen
t hent?

Now, the other thing is also that, you know,
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there's only a small fraction--well, actually, it's a vast
majority that hasn't even been nade yet. So, these are the
ki nds of things that you m ght want to be conversing about?
WLLIAMS: Al | can say, Dan, is we did this for four
years. W had extensive industry interaction, and we spent a
| ot of noney doing it. W developed a design, we hired a
contractor to do a design, to devel op sonething that was
storabl e, transportable, and di sposable. And, basically,
Congress quit funding the program and the industry at the

time said that it would be best to do it thenmselves. So, it

was termnated in 1996, and we still see the benefits of it.
| don't know what nore | can say.
NELSON: Nel son, Board.

My question deals wth to what extent do you
interact with other federal agencies? And, in particular,
|"ve been to quite a nunber of DOTI, the agencies of DO,
pl anni ng for next generation, whatever that neans, new

technol ogi es, smart systens, new nodes, and mnulti-nodes. |
wonder to what extent the project is interacting in tracking
t hose potential changes and investnent that could really
change what's avail able, instead of dealing with regul ations
as they exist now? Sone cases will be even pushing DOT to do
t hi ngs that woul d be hel pful.

And in anal ogous thinking about FEMA and energency

response, nobody really knows, | don't think, what's going on
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wi th Honmel and Security Departnment and what it's going to be
in a year. But |I know that there's been sonme very
significant rethinking of our responses and mtigation
i nvestnents inside of FEMA since 9/11, and that's a noving
target as well. To what extent does the project expect to
interact with those two agencies, for exanple?
WLLIAVS: Well, | think we expect that we are going to

have to interact closely with them And in our strategic
pl an that we've been witing, we' ve been tal king about that.

In ternms of making it happen, | guess I'mgoing to, well,
poor mouth for a mnute, basically in 1996, our
transportati on programwas shut down, and we have had
basically no noney for transportation, and our staff has been
three or four people. And this year, we were planning to
ranmp it up and start things back up, and we haven't yet
because we're on a continuing resol ution.

But, with the people that we have that are witing
toget her plans, and so forth, we have tal ked about doing
that. And we do maintain contact through interactions |ike
the transportati on external coordinating group, which has
menbers fromthat different community. W had quite a bit of
di scussion with the DOT while we were going through the site
recomrendati on. We've been talking to the Anerican
Associ ati on of Railroads about their advanced rail cars, and

so forth
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But in ternms of us going out and issuing contracts
for the devel opnent of those sort of things, it hasn't really
taken hold yet. But, it's a good point.

NELSON:  Nel son, Board.
| just encourage that to be an early start.
WLLIAVS: | agree with you 100 per cent.
CORRADINI:  We're going to have to nove on. One |ast
guestion. Thure?
CERLING  Thure Cerling, Board

It's clear that there's sone changes that will have
to be made in the infrastructure, both at the shipping end
and at the receiving end, and | was just wondering do you
envi si on any maj or changes in infrastructure that have to be
made in between, using existing rail |ines and roads, and

that sort of thing?

WLLIAVS: Well, | nean, that's sonmething that's going
to need to be looked at. In the Eighties, we did what we
call the FICA study, | can't renmenber what it's--Facility

Interface Capability Assessment, where we | ooked at what the
situation was around the utilities, and so forth. That's out
of date now, and there's sone places that you may need

bri dges upgraded, or you may need rail tracks and the
facilities upgraded. But, like | said, we haven't started to
do that yet.

At the repository end, we have the ability now to
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design the capability to do that. So, | think nost of the
i nfrastructure upgrades woul d probably be closer to the
utilities, and it's sonmething we haven't taken on yet. But
we see the need to do that. W see the need to update those
1980 studies that we did.

CORRADI NI :  Jeff, thank you very much. We'Ill nove on

Qur next speaker is John Arthur. John was

appoi nted on Cctober 8th of 2002 as Deputy Director for
Repository Devel opnent. This newy established position in
Las Vegas is responsible for Iicensing and devel opnent of the
Yucca Mountain site. Previously, M. Arthur was nmanager of
the DOE's National Nuclear Security Admnistration, the
Al buquer que Operations Ofice, which provides oversight of

the two national |abs, and the nucl ear weapons production

conpl ex.

M. Arthur's managenent responsibilities also
i ncluded the transportation of nuclear materials, safeguards
and security, nuclear facility construction and environnent al

managenent services. Over the past 24 years, M. Arthur has
served in several senior managenent positions within the DOE
i ncludi ng Manager of the Waste Isolation Pilot Plant, Manager
of the Uanium M Il Tailings Renedial Action Project, and
Assi stant manager for Environmental Operations and Services
at the Al buquerque Operations Ofice.

M. Arthur will summarize for us the status of the
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Yucca Muntain project.

ARTHUR:  Thank you, Dr. Corradini, and | do | ook forward
to meeting individually and working with the Board as we
forge ahead on Yucca Mount ai n.

| also mght say | had the opportunity to first
nmeet Margaret | guess it was about 14 years ago, |'m agi ng
ourselves, on the WPP program So, |I'msure pleased to be
back in this programto work with her again.

| amvery pleased to be here at this tine of
repository devel opnent. M main expertise, as M ke stated,
is in the repository devel opnent, regul atory conpliance,
envi ronment al managenent, and nost recently the national
security areas. And | can guarantee you with just two nonths
experience on this program it's going to test every skill
ever had in the Departnment of Energy and private sector.

As Margaret nentioned earlier, our overall goal at
this time and challenge is to change the priorities and
operating culture fromone of site characterization and site
devel opment into licensing, characterizing the additional
wor k, operating a spent nuclear fuel and high-level waste
repository. And as Margaret also stated, the first and
forenost priority I and our staff have right nowis
developing a quality license application by Decenber of 'O04.

As we mentioned, DOE will be the licensee to the

Nucl ear Regul atory Conm ssion responsi ble for the program
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but we execute this through a major performance contract with
Bechtel and SAIC aligned with our other partners in the

national |aboratories and the U S. Geol ogical Survey and

ot hers.

First, | want to talk about a few things. Focused
sci ence and engi neering devel opnent activities will continue,
and as I'lIl talk, some of those will provide inputs into
license. 1'Il talk alittle bit about what flexibilities we

have and don't have at this tinme, but also really focus after
licensing to have the Science and Technol ogy Program that Bob
Budnitz is leading really provide inputs for the future to

make sure we optim ze designs, |logistics and other things for

the future.

| want to talk first of all about nmanagenent
phil osophy. First of all, having been an NRC |icensee
before, both in the Department of Energy and industry, |

understand that it's equally inportant to obtaining and
getting the |license out in Decenber of '04, we have to have
an operating culture and operate like a |Iicensee, which
i ncludes a nunber of activities in the operating environnment.
First and forenost is to show and denonstrate our
capability to nmanage the repository program which includes
things like training, qualification of our DOE and contractor
i ndi vi dual s, defending the application, as well as know edge

of processes and defensibility of the |icense.
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Qual ity assurance in every way is the foundation of
our licensing process. It will be built into our products
and the cornerstone of our |icensing docunents. And by that,
| nmean not just enployee training, but validation of the
vari ous nodels, all the datasets, and other key areas that
are required to support licensing and construction.

Qur formality of interactions with NRCis going to
continue to increase as we go towards licensing. You
menti oned in one of the questions earlier about KTls. W had
a managenent neeting | ast week and our areas to continue to
focus and work those off and the priority, ways to support
the |icensing, because there's a lot of issues that will be
resol ved as we work through those.

Also, | mght state that accountability is
increasing in this program not only on things |like closure
of corrective actions, they're very inportant. Sone have had
ri ght managenment focus, some haven't. So, we're putting nore
accountability, so on a nonthly basis, we can | ook at our
metrics, not just on an organizational basis, but down to
i ndi vidual s as appropriate to keep the focus on working the
necessary actions to support |icensing.

In the near future in our program we'll be issuing
a strategic plan, and it will have many goals. W are in the
process of cascadi ng those goals into nmanager perfornmance

apprai sals, and al so contractor incentives.
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We're also in the process of revising our contract
managenent and project discipline. Just a couple points
there. W are, John Mtchell and nyself, in February, we'll
be going into a series of what | call nonthly operating
reviews. There will be nmetrics and performance base. 1In
time, I'll share those, as appropriate, with you all at sone
of the nmeetings to show what percent conplete we are on our
not just overall license application, but also the design
aspects of that, all the validation of nodels and ot her
areas. So, we want to focus nonthly on that, as well as sone
of our site operations and other critical activities.

Also, | mght state that as we go through our
design, we are trying to benchmark best practices, not just
nationally and internationally, it's not just to have it
devel oped here. If there's sonething new we can apply that
in an integrated systemis going to work, we're going to | ook
at a way to do it, not just to neet the tech-specs and the
i cense, but performance as cost effectively as possible.

Al'so, in our organization, | amin the process here
in the Las Vegas this week of conpleting our Ofice of
Repository Devel opnent. W have to get our federal team
aligned to the positions, also the proper responsibilities to
carry out the future. And as | told ny federal folks, | know
John Mtchell and Bechtel realize that as we go through this

programin the next five years, and even ten years, we'll go
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t hrough different phases where both our federal expertise and
contractors need to be flexible as we go through Iicensing,

i censing defense, final design, and construction that wll
require us to have a lot of dynam cs on how we manage our
resources. So, that equally is on all of our managenent
screen.

A coupl e other areas. Comunication is a key, and
| want to just talk two things. One internally the program
you hear the terma lot "walk the talk.” A lot of
expectations on how we inplenment under the NRC |icense, a
safety conscious work environnent. W' ve set expectations of
our | eadership and enpl oyees. John Mtchell, nyself and al
of our |eaders, and | know Margaret is supporting us from
Washi ngton, are getting out to neet wwth the individuals to
hear how things are going, to nake sure that our expectations
are being achi eved.

| al so have done sone things like just e-mails to
all enpl oyees, individual neetings, and other areas. You

just can't focus on it enough. That's inportant to nme, to

keep the work force in a quality fashion, as well as to get
the |license conpl eted.

Ext ernal conmuni cations, not just the Board, but
al so NRS and others, we'll continue to step that up and have
nmeani ngf ul exchanges. | also mght add that in the | ast week
or so, we have revanped our OCRWM website, and right now,
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we're in the process of consolidating nultiple websites. In
time, I'd like to put on there our strategic plan that cones
out, and al so sone of our operating netrics, so the public
and others can see how well we're perform ng agai nst the
establ i shed goals, both the good news, and al so where we're
havi ng sone vari ances and i ssues.

A couple last points. | want to, in the next few
weeks, get back out to our site again, take a | ook at the

current site infrastructure and make sure that things are up

to date, aligned and naintained so we can transition in tinme

as we go through licensing, and also to nmake sure things |ike
our as built drillings are up to snuff that will be required

for a license application for construction.

As Margaret nmentioned, we are conmtted to
continuing focused science, various studies to support
licensing, and then also the long-termrepository
per f or mance.

Now, just a few specifics on the NWIRB. | have, in
the short tinme, tried to review sone of the nost recent
reports, recommendations, and our responses back to you, and
| do appreciate the inportance of the reviews, and al so | ook
forward to continuing to try to mnimze the various
uncertainty in our performance cal cul ations, as well as
trying to increase the defensibility-in-depth of our Iicense

application, all the performance assessnent and cal cul ati ons
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supporting that.

In the short tine also, | have not had, by no neans
am| an expertise, I'mstill drinking through a big fire
hose, but |'ve had sone topical briefings on the order of an
hour on some of the issues such as Chlorine-36, the source of
noi sture in the cross drift, and sone of the corrosion
st udi es.

Wil e the science programis separate and distinct

fromour focused repository devel opnent, there will be inputs

to support the license. | mght just add that the actual
license that is being prepared--or excuse ne--the design
that's being prepared to support the |license, we should be

conpleting that in January of '04, so just about a year from
now, we'll conplete that. So, when we talk, and | heard sone
of the comments earlier, and | fully agree, sone of the key
aspects, such as security, sonme of the operational and

| ogi stical areas, we will have sone tinme to do sone necessary
reviews on that prior to license issuance.

And in that area, I'd like to bring in sone of the
expertise that we've had, not just throughout sone of the
areas of support, Honel and Defense, but al so national
security so we have the right |evel of approach on not just
the repository, but also supporting the transportation
managenent .

So, with that, I will summarize. |[|'mvery pleased
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to be in this programat this inportant tinme, and | | ook
forward to working with the Board, and will be glad to
entertain what questions you m ght have. Thank you.

CORRADI NI :  Questions? Mark.

ABKOW TZ:  Abkow tz, Board.

John, first of all, welconme. | look forward to
wor king with you.

| was curious with your background in WPP and now
noving into the position you're in now, if you could coment
on sone of the lessons that you |learned from WPP that you
think are transferrable, and sonme of the unique
characteristics you're facing that are unlike your experience
at W PP.

ARTHUR. A lot of things are simlar. | know one of the
thing, and | told Margaret and ot her people when | joined the
program said be real careful not to bring WPP experiences
in because they were different prograns. But a | ot of
simlarities in some of the performance, even though we have
different regul atory bases on that, there are a | ot of
simlarities.

| think a couple things when we | ook at a long-term
vision for this repository, if you |l ook back on WPP, we went
t hrough nulti ple phases. And one of the areas, a tactical
error we made early on was, you know, we changed through

areas just to get some waste in the underground, to really
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achieving the ultimte vision, which was to have enduring
operations. So, | want to nmake sure, and | think Jeff
touched on this, that while we have transportation, a
repository program and many other aspects, we need to do a
| ot of systens engi neering and ot her eval uations to nmake sure
it operates as a system

And WPP, in the early days, we probably didn't do
that as well as we could. And, again, the goal is for
enduring operations, not to get the material in and then cone
to a stop. | nmean, we want to make sure we have flexibility
in our operations.

| think the other areas, and there's actually a
very good book out, | don't know if the nenbers have had a
chance, it's by Chuck McCutchen, actually, that worked for
t he Al buquerque Journal, and he actually wote on WPP for a
| ong period of time, and he actually summarized | essons
| earned over WPP, things they could have done better. One
of the areas was to continue to work with all the key
st akehol ders early on.

If you look at this program we're going to go
t hrough a | ot of changes over the next five or ten years, as
| nmentioned, |icensing, construction, into repository
operations, and to nmake sure that we're working aggressively
not only with the state, but the counties, to have

rel ati onships for the future, to make sure that we forge
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ahead. In WPP, sone areas we del ayed too |ong, and we ended
up having problens |ater.

And | think the other area that we've | earned that
can be applied to this programis in transportation. | nean,
|'ve seen, and |I'm by no neans an expert on all of them but
fromWPP, also what we're doing in our national security
wi th nucl ear weapons and ot her transportation, we need to
make sure we bring in all the expertise to help us build
systens for the future, not just to have the right |ogistics,
but the right degree of security for this program

| have high confidence we can operate it very

safely and securely, but we need to nake sure we build that

in early in our planning. | could probably go on for hours,
but I would encourage you to | ook at that book. It's very
good. It's a good sunmmary. | had our managers read it on
t he program

CORRADINI:  Priscilla, and then Dan.
NELSON:  Nel son, Board.
You may not have fornmed an idea of this, but one of

t hese areas that the Board has been wangling with, and |
know the project has as well, is howto create and
communi cate the action of the natural systemand the
engi neered system And | think it's one area where WPP and
Yucca Mountain are quite different as they're configured now.

And I'mnot sure that there's been conplete success
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satisfactorily on how to tal k about that, and |I'm wondering
if you have any thoughts there. How high a priority would
you say that is for the project to find a way to express,
measure, conmmuni cate these contributions?

ARTHUR | can give you just based on limted
experience, and in time, I'll try to cover it nore, but we
are trying to, and even in the areas of the natural system
as well as engineering areas, is take a look first of all at
performance assessnent. Again, sonmewhat simlar, but sone
di ffering approaches in how we do a PA on the program but to
bring in expertise, you know, fromWPP to assist us in sone
of our reviews as we do the performance assessnent here.

And | do think it's inmportant to comrunicate that.

We just need to have the right tools, and | do want to have
sonme further discussions with our people as we proceed. So,
it's just based on a limted time, but it is inportant.
agree with you, Priscilla.

NELSON:  Nel son, Board.

Is this a priority for the project? And, if so, in
what kind of a tinme framework would it be a high priority to
actually figure out howto tell the story?

ARTHUR: |'Ill have to get sone specifics. As far as
commtting to a schedule in the short tinme, | just really
can't, but I will look into it and either have one of our

peopl e today or nyself get back to you. | wish | could get
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ny arnms around all this in this tinme, but it's inportant, and
"1l get back to you

CORRADI NI :  Dan?

BULLEN:. Bul |l en, Board.

You nentioned a strategic plan that's going to be

i ssued near term Could you expound a little bit about that,
tell us maybe the tine frame for the plan and plans for
revision of it? | mean, it's got to be a living docunent if
you're going to have a |l ong-range goal. Could you give us a
little bit of background on that, please?

ARTHUR: | can talk, and Margaret can nod if I'mon the
right track or not. But when I first got involved in the
program | guess it was back before | actually cane out here,
we had a | eadership retreat in Cctober, and | was very
pl eased, | nean, there was the initial architecture for
strategic plan and | think with Margaret com ng on, nyself
and sonme new |l eaders in the program we wanted to actually
take some ownership of that before it came out. So, what
we' ve done over the last nonth or so is get comments from our
team nenbers to nmake sure, because we do have high-1leve
goals in there, and it includes, you know, enphasizing the
i nportance of science and technol ogy, systens engineering,
and ot her areas.

We're in the process of doing our final reviews,

and | would anticipate it would be sometine in early
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February, or actually m ddle February we'll have that out.
And we'll post it on the website when that cones out al so.

BULLEN:. Bul |l en, Board.

| would like to see that. One last followup

guestion with respect to your site infrastructure and your
visits to the site. | guess the question is do you have any
wat er out there, and do you expect to have water with respect
to the State's permt?

ARTHUR: Well, we do have water. And right after the
hol i days, we're very pleased, but we were able to actually
get potable water for our workers, so things, for the tine

bei ng, are proceedi ng okay.

BULLEN: Bul |l en, Board.

Do you have water to continue the experinents that
you need?

ARTHUR: W do have tenporarily sonme, but we do have
sonme issues we're still working on, and I'Il leave it at
t hat .

BULLEN: Thank you.

ARTHUR: | do know the inportance to have that.

CORRADI NI : Ot her questions?

(No response.)
CORRADI NI :  Thank you very nuch
ARTHUR:  Thank you very nuch

CORRADI NI : | think we're on break. W'Il|l be back at 10



© 00 N o o A~ w N P

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

71

o' cl ock. Thank you.

(Wher eupon, a recess was taken.)

CORRADI NI :  Qur final speaker of the norning is Mark
Peters. Mark is responsible for science and engi neering
testing within the Performance Assessnent Organi zation of
Bechtel /SAIC. Fornerly, he was responsible for the technical
integration of science, construction and desi gn organi zations
and scientific technical |eads engaged in the field testing
at Yucca Mountain. Earlier, Dr. Peters was technical |ead
for thermal analysis.

Mar k?

PETERS: Thank you.

CORRADINI: He wll talk to us about science and
engi neering update at the project.

PETERS: Thank you very nuch. Thank you for having ne
back to speak to the Board. |It's always an honor to speak to
the Board. | only have ten mnutes; right? | realize
there's a lot of slides. Well, |I've got back-up, in ny
defense, but there's still a lot to go through.

Sci ence and engi neering update. Let ne be clear on
what this is. It's simlar to what |1've provided to the
Board in the past. |It's really an update of the testing
anal ysis program | won't discuss design activities per se,
but I'lIl focus on the technical program and it wll be a

wal k-t hrough the status of the program | tried to structure
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it by wal king through the natural system and engi neered

system This is the work of many people. | sinply am
summarizing that. 1'Il try to credit people as | go through
Overview, again |'ve already said this, |I'm going

to start with status of the unsaturated zone program
starting wwth the ESF, exploratory studies facility, noving
through the drift scale test, an update on Chlorine-36
validation that | know is of much interest to the Board,

sunmmari ze sonme USGS work in the area of fracture mnerals,

i nclusions, then nove into the cross drift, staying in the
underground, still unsaturated zone, and tal k about sonme of
the testing, particularly focused on flow and seepage in the

repository horizon, stop and then nove bel ow the repository
horizon to the Busted Butte tests we're | ooking at, flow and
transport through the Calico Hlls units.

Finally, the saturated zone. Here, our work is
done very closely in cooperation with the Nye County Drilling
program |'ll nove then into an overview of what's going on
in the vol canismarea, and then junp over to what | called
engi neered barrier system Cearly, sonme of this work feeds
bot h natural system and engi neered system nodels. Here, 1"l
nove back into the field underground, and tal k about therma
properties work that we're doing in the underground as wel |
in the | aboratory, and then nmechani cal properties

investigations that is again a conbined field/laboratory



© 00 N o o A~ w N P

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

73

progr am

Then, I'l1 discuss briefly a couple of
investigations that integrate in with the environnment in the
drift. | will point heavily to what you're going to hear a
| ot nore about this afternoon when |I talk about this area.
And then, finally, a very brief overview of what's going on
in the waste formtesting and anal ysis area, and then wap
up.

The first slide, just to get you oriented, a |ayout
of the exploratory studies facility, the north portal here,
the south portal here. | think everybody is very famliar
with the five mle |loop that is the ESF. This shows the
| ocations of the alcoves and niches in the exploratory
studies facility, as well as the red here is the cross drift.

| wll also talk about results fromsone of the testing in
that area later in the talk.

For the purpose of the ESF piece, |I'Il focus
primarily on Al cove 5 where we've conpleted the drift scale
test, and then also Chlorine-36 validation, where we've
| ooked at attenpting to validate observations of apparent
bonmb pul se Chlorine-36 at two locations in the ESF, the first
bei ng the Sundance Fault area down here by Al cove 6, and the
second being the Drillhole Wash Fault as exposed up here near
the turnoff of the cross drift.

Starting with the drift scale test, |'ve added a
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few nore slides than | typically have for the drift scale
test to bring you up to date on a little bit nore of what

we' ve done in this test. This is a diagramof the drift
scal e test showing schematically the boreholes. You have an
observation drift, a connecting drift, and then an
approximately 50 neter |ong heated tunnel where we've got
nine | arge nock waste cani sters inside the tunnel, as well as
25 wing heaters on each side. These are heaters installed in
t he rock.

The borehol es shown in blue and brown are drilled
above and below the drift, primarily |ooking at noisture
redistribution as a function of heating, and now cooling, and
boreholes drilled within the drift itself are primarily for

tenperature control, tenperature neasurenents, as well as

mechani cal di spl acenent neasurenents.

We turned off the heaters, as | think the Board is
aware, a little over a year ago. So, we're a year into the
cooling phase. This is a diagram show ng that the power has,
in fact, been turned off, turned to zero. W went into a
natural cooling phase |ast January 14th, | believe it was.

The drift wall tenperature, this is a
representative thermal couple at the drift wall. The actual
tenperature now, if you were to go out there, is actually

just below boiling. So, this is slightly out of date in

terns of up to today. | think the current tenperature again
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is, at the drift wall representative thermal couple is about
97 cesium

These bullets summarize what 1'mgoing to go
through in the followi ng plots that summari zes sone of the
observations that we've nmade, as well as how it conpares to
predictions. The first point, I'mgoing to show an exanpl e
of tenperatures in the test block, and how we're getting
cooling in the drift wall, and then do the conduction. W
continue to see snmall rises in tenperature away fromthe
drift wall, and they're converging and eventual ly the whole
systemw || start to cool uniformy

We did see evidence of heat pipes or convective
effects at the boiling point in a |lot of our borehol es.
W' ve now seen a di sappearance of those heat pipe signatures
as we' ve cool ed.

Alittle bit of geochem stry. CO2 concentrations
in the gas phase. Gas phase continue to change, and that's
consistent with what we're predicting fromour nodels. W're

al so nodelling fracture saturations within the fractures, and

we use air perneability as a neans of attenpting to estinmate
fracture saturation. And I'lIl show a plot on that as well.
And that also alludes to the final bullet there where we have

to worry about being able to back out mechanical versus
hydr ol ogi cal effects and changes in fracture saturation.

An exanpl e of how the tenperatures continue to rise
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in the test block. This is one borehole, a down | ooking
borehole within the heated drift, about hal fway down the
drift. The different lines are actually tine histories of a
gi ven tenperature sensor as a function of depth in the
borehole. As you can see here, near the surface of the
drift, near the drift wall, versus deep in the rock, as nuch
as 15 to 20 neters into the rock, you see the tenperatures
gradual ly continue to rise.

This set of slides conpares two tinme slices, one at
the end of the heating phase, and the other six nonths after
cooling, so, this would have been | ast summer, show ng data
for three boreholes drilled in the heated drift, one up, and
then one at a 45 degree angle, so, one up fromthe drift, one
at a 45 degree angle, and one horizontal off the drift,
showi ng data and predictions. This shows the evidence of the
heat pipe effects, the convective effects. This particular,
the red here is actually along a wing heater. That's why you
see such high tenperatures. These other two are away from
wi ng heaters, again, in the roof of the drift. But the take-
honme point here is the data and how we're conparing with the
predictions in terns of tenperature, evolution, and al so the
fact that as we've cooled, we've |lost this evidence of the
heat pipe or convective effects. As the water is draining,
vapor is dimnished in the vapor phase.

This gets back to, and |I've nade a coupl e changes
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that aren't in your copy here to point out to you, | changed
t he nunber 74-4 and 76-3, so you mght want to nmark those in
your copy. There was a typo there that | picked up. But
this is getting at the air perneability data. W go in and
do periodic air perneability measurenents. That provides us
information on the evolution of fracture saturation. But you
al so have to back out the nechanical effects. Any effects of
expansi on and contraction along the fractures could, in fact,
change the air perneability.

So, this shows one array fromthe observation
drift. The color codes here show the air perneability
distribution prior to even turning on the heaters. And on
the left is two of those integrals, 74-4, shown relative to
the heated drift, and 76-3, shown relative to the heated
drift. This is data shown in the triangles, and different
predi ctions accounting for hydrol ogic, nmechanical and then
hydr ol ogi ¢ nechani cal coupled effects, and how well we're
predicting evolution of fracture saturation as a function of
tinme.

Ski ppi ng now over to sone observations that we've
made in terns of water that we've collected fromsone of the
boreholes in the drift scale test. | think it would be a
year ago about this tine, we had presented sone results of
some water chem stries, waters that we had collected fromthe

drift scale test that had very high chloride contents, and
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t hat caused sone significant pause. W really, really
aggressively went out there while we were seeing those kinds
of high chloride concentrations. W determned in a very
short tinme period through sone | aboratory experinents and
additional field experinents that that was due, we attributed
that to degradation of packing material or testing apparatus
mat eri al that had been put into the bl ock.

Since that tine, we've also collected sone
additional water from another borehole that's shown again
what we consi der unexpected water chem stries. They were
very dark yell ow col ored, had very high conductivities, and
t hey contai ned high concentrations of transition nmetals in
particul ar.

We went through a simlar investigation. W
i mredi ately suspected that it had to do with sonething that
we had introduced into the test block. |In fact, we've gone
through a very simlar process that we followed with the high
chloride waters, and have determned that's likely due to
t hermal degradation of actually neoprene, or tubing that
we' ve introduced that was used for injection of air, and al so
for collection of the water and gas.

Qur lesson learned here is very simlar to what
we've had with the fluoride. W need to be very carefu
about what we introduce into the system W have a process

set up for managing that. Cearly, we weren't totally
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successful when we first instrunented the drift scale test.
So, this is very a inportant consideration as you nove into
the repository. You do not want to put things into the
repository that could produce water chem stries that we don't
expect, and potentially would be del eteri ous.

So, that's what's out there. Again, the lab
experiments have shown that the neoprene does break down at
relatively | ow tenperatures.

Anot her observation that we've nmade in the drift
scale test that you may or may not have heard about. W have
a canera that we run in periodically along the roof that had
infra-red and video capabilities. And on top of one of the
cani sters, the nock canisters, approximately a little over
hal fway back from the bul khead, we saw a red spot, it | ooked
like a rust spot on one of the canisters. And that was
sonet hing that caught our attention. This was observed
shortly after we turned off the heaters, so we immedi ately
were interested in whether that represented sone kind of
dri pping back into the drift as we were cooling.

We've gone in and we've actually nodified the
systemto be able to go in and take a sanple of the material,
and it's nostly iron oxide. It happens to sit below a rock
bolt, so we think that this is likely discrete flow back into
the drift along that rock bolt. W're trying to coll ect

addi tional information, and we continue to run the canera in
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and out |ooking for that kind of evidence in other parts of
the drift, and we're al so doing sone nodelling to account for
the effect of the rock bolt boreholes and how t hat m ght
effect near drift thermal seepage.

Moving to Chlorine-36 validation. | probably don't
need to bel abor the objective here. Again, in the '96, '97
time franme, Los Al anbs National Laboratory collected a
significant dataset fromthe exploratory studies facility
t hat suggested that there was bonb pul se Chl orine-36 exposed
in the northern part of the ESF and observed in the
repository horizon.

That's a very inportant observation. It's
accounted for in our conceptual nodels for flow The DCE
made a decision in the |ater N neties, because of the
i nportance of this observation, to go in and attenpt to
val i date those observations. So, there was an i ndependent
team set up. Los Alanps was still involved in terns of
anal yzing sonme of the splits, but the USGS and Law ence
Li vernore put together a programto go in and take
i ndependent sanples and validate the observations of bonb
pul se Chl ori ne- 36.

As the Board is very aware, |'ve been working on
this now for a couple years, and we continue to have
di fferences between what the USGS, Livernore dataset |ooks

li ke versus the Los Al anps dat aset. Los Al anbs continues to
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be internally consistent and reproduce their previous
observations. W have that discrepancy between the two
| aboratories, the two groups.

The team USGS, Los Al anpos and Livernore, are
currently witing up what we've done to date. That wll
i nclude their perspective on the sorts of experinents that
one could go do to resolve the issue.

This bullet here is sonmething that | said at the
| ast neeting that | just want to reiterate. Qur current
conceptual nodel for UZ flow, the UZ process and TSPA nodel s
don't rely directly on the bonb pul se Chlorine-36 data, but
they do respect it, and at this tinme, we do not plan to
nodi fy any of our conceptual nodels based on the discrepancy
bet ween t he dat asets.

The bottombullet as well | really want you to take
honme here. DCE is pursuing an independent study, mneaning
we're | ooking for a conpletely independent party to go in and
set up a sanpling and analysis programto further investigate
Chlorine-36 to chloride systematics, conpletely independent
meani ng not involved in peer reviews in the past, not part of
this team et cetera, et cetera. So, we feel it inportant,
we understand the Board' s concerns, and DOCE is al so
concerned. So, we are pursuing that as an option.

Movi ng now to secondary fracture mnerals, this is

work that Zell Peternman and his co-workers at the U S.
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Ceol ogi cal Survey at Denver are heavily involved in. Here,
we're | ooking at great stage fracture mnerals as exposed in
t he Topopah Spring in particular, and this is work that's
been going on for several years. You've heard about this in
the past. But, again, the objectives here are to | ook for
evi dence of how fast the fracture m nerals have been grow ng
in the UZ as a way to establish |inkage between how t he
climates vary and how that conpares to |ong-term average
percolation flux. 1It's an independent |ine of evidence that
gets at how well we're estimating current as well as |ong-
termpercolation flux. So, it adds confidence to those UZ

flow and transport nodel s again.

Let me back up. There's quite a bit of backup on
al nost all these subjects in nmy presentation. | won't point
toit, but it's obviously fair ganme if you want to get into

guestions. That mght help nme answer sone of the questions.
This is an exanple of the work at the U. S.
Ceol ogi cal Survey where they're using ion-probe techniques to
actually date at a very small scale opal, opal within the
fractures. Opal co-exists with the calcite. This is just an
exanpl e of sone of that data. Here's an opal here. The
scale here is on the order of mllinmeters, if | renmenber
correctly.
But, this just shows the individual data points,

and next to it is actually ages in hundreds of thousands of
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years, with the air bars on that. And fromthat, they can
then fit and nmake an estimate of growth rates through the
Pl ei stocene over the past one and a half mllion years, and
you can see there's very small, less than a mcron per

t housand years of growth in these fracture mnerals.

These are consistent, continue to be consistent
with the long-term average percolation flux, current tinme at
one to ten mllinmeters per year within the repository
hori zon.

Still focusing on U S. Geol ogical Survey work, here
novi ng over into summarizing a |l ot of what you already heard
fromthe fluid inclusion studies that have been going on by
DCE for several years, and al so been nore focused on in the
past three or four years. The USGS did work cooperatively
with Jean Cine's study on fluid inclusion, shared sanples,
coll ected additional sanples of their own to | ook at the
timng and distribution of the fluid inclusions.

The concl usions that they've come up with are
consi stent with DCE conclusions in the past. The fluid
inclusions in the calcite were two faced fluid inclusions,
indicate that they' ve been deposited over tenperatures from
as high as 90 degrees C. to anbient. There's a relationship
bet ween the high tenperatures and being in the ol der parts of
t he deposits.

There's al so a dataset on oxygen isotopes in the
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calcite that correlate with and corroborate fluid inclusion
information. And, finally, the final conclusion, again, this
is no different than we've concluded in the past, the fluid
inclusion in the oxygen isotope data suggests that we've at
anbi ent tenperatures for the past two to four mllion years
within the UZ

Still focusing on U S. Geol ogi cal Survey work, and
focusing nore on water/rock interaction, and back to
under standing the | ong-term percolation flux and how nuch
wat er has flowed through the UZ over tinme, the USGS has al so
put together a very nice program | ooking at uranium series
i sotopes frompore salts. So, they flush, sinplistically
they flush the rock and anal yze the pore salts. You can do
it with strontiumisotopes. |I'mgoing to tal k today about
t he uranium series work that they' ve done.

But you can | ook at whether or not the U series is
an equilibriumor disequilibrium and that tells you
sonet hi ng about the hydrologic conditions. [It's a function
of how nmuch water has flowed through the system and it
i ntegrates those facts throughout tine.

So, it's another independent |ine of evidence that
buil ds confidence in the UZ flow and transport nodel, we hope
buil ds confidence in the UZ flow and transport nodel. In
this particular case, it does in fact build confidence.

There's a slide in ny backup that shows sone of the
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data. But to think about it, we've really | ooked at two
situations. One, sanples fromthe proposed repository

hori zon away fromfaults, and we've al so | ooked at sanples
within faults, and in this particular case, within the Bow
Ri dge Fault that's exposed up by Al cove 2.

These bullets here kind of wap up what we woul d
expect to see. Going in, if you |look at a deep rock away
froma fault that hasn't had a |ot of water flow ng through
it, you' d expect to see basically equilibriumbetween the
urani um and thoriumisotopes, activity ratios of about one.
In the data in the back, you'll see that's consistent with
what we've seen so far fromthe Topopah Spring sanpl es away
fromfaults.

If you go to a faulted area where you' ve had
focused flow and | arger amounts of water flow ng through the
fault, you' d expect to see sone disequilibrium ratios
greater than one, maybe as high as six, seven and eight, in
terms of activity ratios. And that's actually consi stent
with sone very prelimnary results fromthe Bow R dge Fault
sanples. This work is continuing. At this point, | would
call this prelimnary work. But it's consistent with what we
expected the systemto tell us.

Still focusing on U S. GCeol ogical Survey work, and
now swi tching gears over to the geochem stry of the pore

water. As you're aware, pore water conpositions in the
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unsaturated zone are key as the starting point to
under st andi ng how the water chem stry wll evolve in the
rock, but also within the drift.

There is water contained in the rock in the wel ded
tuffs. The evaporation effects, and I'mgoing to point a | ot
to Joe Farner's presentation this afternoon, he'll talk a I ot
nore about how this, I'Il call boundary condition or input,
conbines into our overall picture of the waste package
environment. But | wanted to at |east show this data, and |
think it will dovetail nicely with what Joe is going to tel
you. But we need to know the pore water conpositions to
under stand the hydrol ogi c system

How do we get the pore water out? 1It's not
actually a sinple, not just a matter of pulling it out and
sayi ng okay, here's sonme water. The non-welded tuffs, we can
actually squeeze them or actually put themin a vacuum and
freeze the water, nove it around by cold traps, and extract
the water, and you can get very good recovery.

The wel ded tuffs, because they hold onto the water
really tight in the matrix, you can't actually squeeze or
freeze it out. So, you have to spin it in an
ultracentrifuge. The USGS has a centrifuge, and this is work
that's really come on line in the past couple years. So,
it's very inportant observations, but it's not a

straightforward technique to actually get that water out of
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t he wel ded tuff.

| just want to make that point. | nean, we feel
very good that we're getting very meaningful information
But it's not a straightforward extraction.

Once we do get the water out, we do a series of
chem cal and isotopic analyses. And the next slide wll
summari ze sone of those observations. This is the Y-axis.
| ost nmy | abel sonewhere along the line. This is in
mlligrans per liter on the Y. This just shows various
el ements, alkali earths, alkalies, as well as sone of the key
anions, sulfate, nitrate, chloride, fluoride. Manganese and
strontium are shown here. This is actually in mcrograns per
liter. We've nultiplied by 1,000. Zell multiplied by 1,000
so he could get themon the sane scal e.

This just shows the variability that we've seen in
this case 28 sanples fromthe Topopah and the cross drift,
the medians as well as the tails of our observations.

Moving into the cross drift, some of the work--Iet
me back up--sone of the work that | alluded to in the USGS
section has come fromsanples in the cross drift, but it's
all comng fromthe underground program |'mgoing to give a
very brief discussion of what's been going on with the U S
Bureau of Reclamation, Steve Beeson's fol ks, |ooking at
fracture and |ithophysal distributions in the Topopah as

exposed in the cross drift. That was discussed at sone
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length at the last neeting during ny presentation.

|"malso going to briefly give you an overvi ew of
our recent observations fromAlcove 8 the drift to drift
test, and also talk about prelimnary results from our
seepage tests in Niche 5, and then an overview of the
observations fromthe systematic seepage test that we've done
in boreholes along the cross drift. And, finally, | discuss
where we're at with the bul khead experi nents.

Just to recall, the bul khead experinents, we had
four bul kheads set up in the ECRB in the cross drift, and we
are not ventilating the whole back half of the cross drift.
This section has actually been ventilated now for on the
order of five to six nonths because we've been doing sone
drilling back in here for other prograns. But, fromthe
second bul khead all the way back, it continues to be
unventi | at ed.

So, first the lithophysal fracture studies, there's
two backup slides that show sone results of variation of
percentages of the |ithophysal, abundance and size, et
cetera, as well as fracture density in the backup. But this
is very closely linked and integrated with the work that's
going on in thermal properties and nmechani cal properties that
"1l allude to later in the presentation.

It's a very inportant link. They' re collecting the

information in particular at the | ocations where we're doing
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t hose thermal and mechanical tests, in particular. They're
using a variety of nmethods. They used visual estinmates when
they did the initial mapping of the cross drift. They're

| ooki ng at photonobsaics. They're doing detailed traverses,
and al so doi ng surveys of the larger |ithophysal cavities,
nmeani ng greater than 50 centineters.

This is just a cartoon-like figure that shows when
| tal k about |ithophysae versus spots versus vapor pathways
versus fractures, this is a picture to lay out kind of the
nomencl ature of what we're tal king about. Sonetines
geol ogi sts get wapped up in all these cool words, and it

m ght, for the non-geologists in the crowd, this mght help

you all in ternms of decoding.
The lithophysal cavities are the openings of the
cavities. The spots |look |like cavities, except they're

filled wwth stuff. You ve got fracture. 1In the |ower
lithophysal, the fractures tend to be short and they tend to
termnate in the |lithophysal cavities, these cavities. |In
t he non-lithophysal units, they tend to be | onger fractures,
and you don't have as many cavities.

So, if you ve been down there, and | know a | ot of
the Board we just took down there, there's striking
di fferences between the different units in the Topopah in
terns of the abundances and character of these things, and

that's inportant to understand for hydrol ogy as well as
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mechani cal and thermal properties.

Moving now to hydrology in the cross drift, I'm
going to start with Alcove 8. This is a test that we're
doi ng where we have Alcove 8 in the cross drift. Recall that
the cross drift goes over top of the ESF. There's about 18
neters of difference between the two in elevation, and we're
t aki ng advantage of that geonetry and doing a drift to drift
test, and we're evaluating fl ow and seepage here at the scale
in tens of nmeters. It's a great experinent for eval uating
scale and effects, and it's supporting the seepage and
transport nodel s.

This is just a schematic of that test. Again, the
cross drift here with Alcove 8 comng off, ESF underneath
and Niche 3 here. W have down-| ooki ng and up-I| ooki ng
borehol es that are used for real tine nmeasurenments, real tine
active measurenments of changes in noisture, |[ooking for the
noi sture front. W' re actually ponding water now in an
infiltration plot on the floor of Al cove 8, and seeing how
much water we collect in the niche underneath

| f you recall a couple neetings back, we had done
an experinment along a fault as exposed in the back of the
alcove. | talked to you all about that. |1'mgoing to focus
now on our nore recent experinments. Recall though in that
fault experinment, we started with [ithium brom de on the

order of ten parts per mllion, and then we added hi gher
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concentrations of lithiumbromde, and al so added
fl uorobenzoi cs and other types of tracers to | ook at matrix
di ffusion effects.

We're planning to do the same sorts of things in
the large plot experinent. But where we're at right nowis
we're still just applying water with approximately ten parts
per mllion of lithiumbromde. It's an infiltration plot.
The Board al so saw this on a tour when we were out there in
Septenber. But, we have a large plot here, twelve separate
zones. We're applying water. Here's the cunul ative
application of water on that plot since we started the test
back i n August.

And the follow ng plot shows as a function of tine
how nmuch water we collected in Niche 3 below. This is
prelimnary information. You can see we actually saw break-
through in I ess than a nonth, nmeaning we started the
application and we saw water, if | renmenber correctly, the
wat er broke through just about the tinme that | was up here
talking to you at the last neeting. And it was faster,
won't say it was faster than we expected, when we were
excavating the al cove, we used water to control dust, and we
actually saw a wet spot in the niche underneath as we were
constructing. So, we expected to see sone evidence of
relatively fast flow al ong sone connected pat hway between the

al cove and the niche. So, the break-through wasn't terribly
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surpri sing.

We're in the process of nodelling kind of an as-
built of the block. In other words, we had introduced water
during excavation, and we al so introduced water during the
fault tracer experinment. So, we're in the process of
nodel I ing those results, but talking to the principa
i nvestigators and the nodelers, they' re not surprised by any
of these results.

Movi ng to seepage nodel s, and input into those
seepage nodels. Recall that we've done a series of niche
tests where we've constructed a small--al coves and niches are
basically the sane thing, just a little different size.

W' ve done four niche experinents in the m ddl e non-
i thophysal exposed in the ESF, and we've got one niche
excavated inside in the cross drift in the |lower lithophysal.

And, here, as opposed to the Alcove 8 and Niche 3
experinment where we're able to | ook at flow and seepage over
a much larger scale, here we're getting a drift scal e seepage

nto borehol es

at the scale of neters. W're injecting water
above the niche, and then quantifying how nmuch, if any, water
drips into the opening itself.

This is a picture that may or may not be terribly
informative, but 1'Il give it a shot. This is actually, the
drawing is probably nore informative, this is |ooking down

Niche 5. And one of the things that you can inmagine woul d be
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an i ssue or sonething we would have to address would be the
mass bal ance. If you drip water in a borehole above, if you
don't see it in the opening, okay, great, where did it go?

So, what we've done is we've excavated--this is
difficult rock to cut these kind of slots in. W tried to
excavate a slot to actually quantify, so if water did not
drip in, we would be able to try to get a closer to 100 nass
bal ance and collect the water that was diverted around the
openi ng.

These letters here are going to nean sonething in
the next figure. Wat we've done is we've done a second, and

now we're at a third phase of seepage experinents, and this
data is real tinme being incorporated into the calibration and
val idation of the seepage nodel for the |icense application.

An exanpl e of one of the seepage tests in N che 5,
alittle confusing on the axes, so bear with me for a second.

This is tine. W're plotting two different things. W're
plotting rel ease, which is how nmuch water we released in the
borehole as a function of tinme, and that's on this scal e over
here on the right.

We're also plotting how nuch we collected, A plus D
is the total anmpbunt of seepage that we collected in the slot,
as well as fromthe roof, so, on the sides and the roof. The
tarp seepage i s how nuch we collected on the side.

But the take-hone point here is the difference
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bet ween these two is the seepage threshold, or how well the
drift is acting as a barrier to water dripping in. So, this
is very recent results, and again being incorporated and
bei ng used as calibration and validation of the seepage
nodel .

NELSON: Mark, what is the left scal e?

PETERS. The |left scale corresponds to the seepage rate
here. So, I"'msorry, | knowit's confusing. This scale
applies to these data. This scale applies to these data.

W' ve introduced a total anpbunt of water, and we're
collecting sonme of it. Okay? That's a little confusing, but
they couldn't really show this data on this scale because its
nunber is so small. That's an inportant point, very |ow
seepage flow.

So, this kind of waps up what |'ve already said.
The data is being used in support of the drift scal e seepage
nodel . They've continued to denonstrate that a capillary
barrier exists.

One of the interesting things is they didn't see a
| ot of active dripping water into the slot, but they have
phot ographs that unfortunately didn't project very well, but

nonet hel ess, they show |liquid above the ceiling, and it

actually reaches the wall, and they seemto see evidence of
flowwall to wall. So, it's not dripping, but it's flow ng
al ong the wall.
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LATANI SION: A slot being what, a short circuited--

PETERS: No, if you back up to--this is the slot, that
thing that we excavated off to the side to try to increase
our ability to collect water that was diverted. Does that
make sense?

LATANI SI ON: Yes.

CORRADINI: Al right, so let's go back. There's got to
be a mass flux of water where this phenomenon woul d stop.
Have you thought about theoretically when that would be?

PETERS. Yes, that's what the threshold concept is.
Basically, they--1 say they, Berkeley is doing a lot of this
work. You can think about it in terns of there's a
percol ation flux bel ow which you will get no seepage, neaning
you have to have a | ot of water flow ng through the systemin
order to overcone the capillary barrier to get dripping in.
That's the seepage threshold concept.

So, they've actually, if Bo was up here, he would
be able to talk nuch nore authoritatively about it, but he
can tal k you through an argument where dependi ng upon what
part of the Topopah you're in, there's a given flux bel ow
whi ch you will get no seepage.

CORRADI NI :  So, that's being considered or being
formul at ed?

PETERS: Right. But if you go to the TSPA, and Peter

will be able to speak to this nuch better than nme, but if you
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| ook at the TSPA, at least for SR | think 20 per cent of the
drifts saw seepage, on the order. | was answering it froma
process level. But when you go to the TSPA, there's a nore
conservative approach

Still on seepage, but here getting at
het erogeneity, you can have niches at different |ocations.
But one of the aspects of the systemis clearly it's
het erogeneous. So, we've also set up a program this is
again Lawence Berkeley investigators that are primarily
conducting this work where we've drilled systematic borehol es
along the cross drift in the I ower lithophysal piece of the
Topopah, and we're doing systematic, again, liquid rel ease
experinments, but along the up and down dip of the lower lith.

And we're doing air perneability experinments as well as
liquid rel ease experinents.

Sonme bullets that summarize our observations from
those. It talks nore about variability in fracture
properties and seepage. W see varying response. Sone of
the |l ocations you don't see water enter the formation. |In
sonme cases, you get conplete diversion, and in other cases,
you get limted seepage. But our bottomline conclusions to

date are there's discrete preferential flow paths, the snal

fractures and |ithophysal cavities, and again, I'min the
| ower 1ithophysal here. The |ithophysal porosity doesn't
have a large participation in the liquid flow paths. And,
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finally, this is all about variability and heterogeneity, and
this is being addressed within the drift scal e seepage nodel .
So, this data is also being used in support of the seepage
nodel s.

Swi tching to bul khead i nvestigations, | pointed out
al ready where we bul kheaded off the back half of the drift.
This is another area that | know the Board is very interested
in how we're doing in this particular testing analysis
program Again, we've isolated the back half, no
ventilation, | ooking for return to in situ conditions, and
any evidence of seepage. That's what our initial objective
was.

Qur objectives have evol ved because recall we've
seen evidence of noisture buildup in different sections
behi nd t hose bul kheads as a function of tine. W continue to
feel very strongly, based on nultiple |lines of evidence, what
wat er we've collected and the chem cal analysis of that
water, as well as how the noisture is distributed when you go
back and | ook in that drift, when you open up the doors, it
suggests that condensation is the dom nant phenonenon.

We continue, we're going to collect additional
wat er here probably in the next nonth or so when we go back
into those three sections that are still unventilated. That
will continue to address this hypothesis. W feel strongly

we'll continue to see evidence of condensation, but the data
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will tell.

Al so, we've got a nodelling programthat's started
to conmpare our observations to what we expect in terns of our
anal ysis and nodelling of the system So, |ooking at seepage
in the rock as well as in-drift processes. So, this is a
work in progress. W put a priority onit. W understand
the Board's concerns with this area.

Movi ng now, still in the unsaturated zone, but
bel ow the repository horizon to the Busted Butte experinent,
whi ch was conducted a little bit southeast of Yucca Muntain
proper. Here, we've done a |large scale injection experinent
using a variety of tracers |looking for flow and transport,
| ooking at flow and transport processes in the Calico Hills
unit, the bedded unit, equivalent to what is below the
repository horizon.

Here, we're looking at a variety of aspects of the
flow and transport nodel in the unsaturated zone. In
particular, I'd like to enphasize the fact that we're | ooking
at scale and conparing | aboratory sorption neasurenents to
what you see in the field.

Sonme of the goals, this is two bullets that restate
what |'ve already said, adding confidence to our site-scale
predi ctions. That's our goal here.

One exanpl e of what we've seen, and | apol ogi ze,

noticed that the projection, ny fault, | lost a couple
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arrows, so let nme wal k through what you're | ook at here. The
t ake-honme point with this is as you | ook at the details of
the test bed, there's actually small innerlayers of pum ce
and ash within the units that have produced sone interesting
observati ons.

What you've got here is a picture of the injection
face. So, |I'm|looking down, |ooking at the face of a rock.
These hol es here are actually several neter |ong borehol es
where we've got injected tracers, and then the dotted |ines
here are off of a perpendicular face. W've drilled holes
where we're collecting the water and anal yzing the tracers.

So, what you're looking at is normalized
concentration in all three of these plots, first is distance
down the borehole. This particular one is from Borehole 16
here. This particular one, and this is where | |ost an

arrow, cones fromthe array of 12, 13, 14, 15. And this

bott om one here cones from?9, 46, 48. Ckay, so | lost two
arrows, there and there. | apologize for that.

But, the take-honme point here is you' ve got a
pum ce | ayer here, an ash layer here. Look at the difference

bet ween nornal i zed concentrati on between here and here,
showi ng the effects of that pumice layer. So, there's sone
interesting perneability contrasts in the system and what
we're seeing in terns of tracer break-through suggests a

strong role for those interfaces in terns of how the break-
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t hrough has occurred within the block. So, that's being
incorporated into the test specific nodel for Busted Butte.

I n general, broad conclusion, the Busted Butte test
shows that rocks behave simlarly in ternms of capillary, in
terms of hydrology. The perneability contrasts and the
boundaries are inportant in terns of transport. They seemto
be nore inportant than the fractures, at |east at the Busted
Butte experinent.

The experinent is consistent with results to date,
and the nodelling we've done is consistent with our current
conceptual nodel for flow and transport through the Calico.
And, finally, it supports the nodelling paraneters in the
site-scal e nodel

Qur saturated zone program again works very cl osely
with the Nye County Early Warning Drilling Program W have
a whol e series of objectives that we have to support our
saturated zone flow and transport nodel, collecting
lithol ogic data, hydrologic data, water |evels, also doing
hydrol ogic testing, collecting sanples, and doing | aboratory
sorption experinents. The U S. Geol ogical Survey does a | ot
of work collecting water and doi ng hydrochem cal anal yses.
And, finally, also continue to have plans to do a |arge scale
alluvial tracer test. That's pending resolution of sone of
t he water issues.

|"mgoing to talk today briefly about work that the
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Survey has done in the area of lithostratigraphy, as well as
hydrochem stry, and also talk briefly about sone results from
Los Al anps, Paul Anderson and his fol ks, |aboratory sorption
measurenents in alluvium

Back up real quick. This shows the |ocations of
the Phase 1, 2 and 3 Nye County boreholes. Nye County is not
going to be speaking to you all today, but I think you're
aware that they're just in the mdst of finishing up Phase 4
of their drilling program And, so, in order to put it in
context, this is a separate diagramthat shows the | ocation
of the three Phase 4 wells that have been drilled to date.
Yucca Mountain is up here. This is Lathrop Wlls here, to
get you oriented.

So, in ternms of the lithologic, lithostratigrapic
wor k, there's been cross sections built both north, south,
east, west cross-sections that R ck Spangler and his fol ks
have done that were originally constructed using Phases 1 and
2 data. They have now been updated with the Phase 3 data,
and they're in the process of collecting information fromthe
Phase 4 holes, and that will eventually be incorporated into
these cross sections. These are being used as corroborative
information to the framework, the hydrol ogic franmework.

Just | hope a pretty picture. Wat they're doing
with the boreholes, this is one exanple from Nye County 27P

They are actually using a really interesting technol ogy
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where they're taking digital inmages of the borehole walls.
They can then take those, they're digitized i nages, and they
can do really a ot of great analysis in ternms of fractures
and dips and all those sorts of things in the |aboratory.

So, this is just an exanple of one of those digital inmages.
That's actually fromthe core.

Movi ng into hydrochem stry, this is work that Gary
Patterson and his col | eagues at the USGS have been doing for
several years. The idea here is we use a substantial anount
of data for calibration of the SZ flow fields, and ot her
pi eces of data are used for either validation or
corroboration of the flowfields. But, it's very useful
information for |ooking at the different I'Il call them
hydr ol ogi ¢ domains or facies wthin the system and it gives
us a real good idea of how nmuch variability there is not only
in 2-D, but also in 3-D.

So, where is the data comng fron? They continue
to sanple the Nye County wells. As they're drilled, we go in
and take sanples. Wen the Inyo County programgets started
drilling further down gradient near the Funeral Muntains,
they will also be collecting water fromthose wells, and
they're al so taking advantage of other sanpling progranms on
the test site, as well as in Amargosa Vall ey.

What they discovered is if you | ook at the

hydrochem stry data, you can actually break up the system
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into what they call hydrochem cal facies. And these are
consistent with the hydrogeol ogi c framework domai ns that are
used in our saturated zone nodel. But this just |ists out
the different hydrochem cal facies that are identified based
on the hydrochem stry dat a.

You' ve got the Yucca Mountain vol cani c aquifer.
You' ve got the Fortymle Wash system as you go to the
sout hbound gradi ent. You' ve got the Norwegi anal aquifer,
Bare Mountain here, the Amargosa River, and finally the way

down gradi ent Eastern Amargosa Valley where you transition
fromvolcanic to alluvial aquifers. So, these are, again
consistent with our framework of our SZ nodel.

Movi ng now to alluvium sorption, this is a diagram
that we've used in the past to lay out the |ocation of the
alluvial testing conplex, but it's a good way to lay a
framework. We've actually collected alluvium sanples from
19-D, Borehole 19-D, and |I'm going to show a coupl e of
foll ow-on figures where we've done sone | aboratory
experinments | ooking at sorption, colloids, as well as
nept uni um and urani um and al | uvi um

A very busy diagram This is tal king about colloid
transport. W' ve got normalized concentration versus tine.
Here, we're looking at two colums filled with alluvium You
put natural colloids as well as m crospheres, and pl utonium

is actually associated with the colloids, and you' ve al so got
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tritiated water. And these are showi ng break-throughs as a
function of time for all these conponents.

The conclusions are at the bottom You can see the
natural colloids are actually unretarded in the alluvium
The plutoniumthat was sorbed on the colloids was recovered.

There's no sol ubl e plutoniumrecovered. And, finally, and
this is inportant fromthe perspective of scoping our field
experinments, because we've in the past used these spheres as
surrogates for colloids, so this is a very inportant
conclusion fromthe field testing perspective, in that the
different sizes actually behave simlar and dissimlar to
natural coll oids, depending upon their size, at least in this
particul ar set of experinments.

Movi ng to urani um and neptuni um sorption and
transport, this is results, again, for that sorption test, as
wel | as dynam c recalling experinments. You see slightly
nmoi re sorption of neptuniumthan you do uraniumin the
alluvium This is, again, alluviumfromactually three
di fferent boreholes. You get a wider distribution of Kd
val ues when you go to the dynamc recalling tests. And
that's an inportant consideration when you start talking
about how this data feeds into the sorption characteristics
as included in the saturated zone nodel .

This work is prelimnary, but is being incorporated

into our nodels for transport within the alluviumin the
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current iteration of the saturated zone nodels.

Movi ng now to vol cani sm we've got, again, as
you're aware, an | gneous Consequences Peer Revi ew ongoi ng.
DCE has that ongoing. W're conpleting that. | believe
there's another neeting in |ater February on that peer review
panel. In parallel, we're evaluating different consequences
areas, di ke propagation, extrusive events and how t hose may
di srupt the proposed repository. W're also evaluating the
aeromagnetic data that the USGS has collected in cooperation
with Nye County, with the counties, and evaluating the
probability of intersection based on that aeromagnetic data.

Just to put it further in context, this is a
regional map, a very sinple regional map show ng the Tinber
Mount ai n Cal dera, Yucca Muntain, showi ng the distribution of
exi sting basalt cones in the area, and their age
di stribution, and showi ng how, and pointing out that at the
time of the Probabilistic Volcanic Hazard Assessnent in the
"95 time frame, we incorporated these observable features, as
wel | as presence of seven anomalies that were buried, as
identified by geophysics.

More recent aeromagnetic surveys, this is a color
i mmge. The take-honme point here is you' ve got additional
information now that allows us to further evaluate the
presence or absence of anomalies. W' ve identified

addi tional anomalies. Under the figure, you're probably
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seeing circles maybe. These are actually the seven centers
that were identified in the PYHA tinme frame in '95.

If you click again, there's additional ones that
show up. These are actually potential anonmalies that are now
bei ng |1 ooked at, and we're actually in the process of
t hi nki ng about sensitivities to probability based on those
observations. So, this is work in progress. |'m not
prepared to say a whole lot nore about it. It's truly work
i n progress.

Moving now to what I'll call the engineered barrier
system Here, thermal properties, we're | ooking at thernma
properties in the lower |ithophysal in particular using an
integrated | aboratory and field program W' re collecting
addi ti onal sanples and doing | aboratory measurenents as a
function of saturation and tenperature, and al so | arger scale
measurenents in the field to look at the effects of
i thophysae on thermal properties.

There's a | ot of backup on these tests in the field
in particular in your backup. But this is just to bring you
back to the fact that the field experinments are actually
occurring in the cross drift tunnel in the |lower lithophysal.

An exanpl e of sonme of our field neasurenents and
what we're getting by way of thermal conductivity versus what
we're using in our nodels in terns of estimates for thermnal

conductivity in the Iower lithophysal unit. You can see that
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t he wet values are above the nodel values, but they're well
wi thin one standard deviation. Wen | say wet and dry here,
that's a sem -quantitative wet and dry. The wet neasurenents
are below boiling, and then we dry a certain anmount of rock,
and we then cal culate what we call dry thermal conductivity.

But we feel real good about how well|l these are actually
mat ching in ternms of our nodel anal yses versus what we're
getting in the field.

Al so, again, we're doing a |aboratory program

This shows thermal conductivity as a function of porosity.

The majority of this data is |aboratory data. It is al
| aboratory data. At one tenperature, the [ower |ithophysal
sanpl es show the effect of porosity, as well as the effect of

saturation. But these |aboratory data are small scale
sanples, so you're losing the effects in general of

I ithophysal cavities, whereas, when you go to the field, you
start to better account for those cavities. And the field

| aboratory data are, we feel, consistent, and we feel very
confident that we're headed down the right track with therm
properties.

Mechani cal properties | think is a very simlar
story. W're doing a series of sanpling of |arge dianeter
cores and doi ng experinments in the |aboratory, as well as
conducting in situ field tests at different |ocations wthin

t he Topopah Spring, and conparing the | aboratory and the



108

field neasurenents, and integrating that with that earlier
fracture lithophysal work that | nentioned that the Bureau is
doi ng.

This is showing the |ocations of three of those
mechani cal field tests. They're called pressurized sl ot
tests. W actually cut two slots in the rock, pressurize the
rock, try to get failure, and can then through stress/strain
rel ati onshi ps, cal cul ate Young's Mdul us ratio, and get
characteristics of the rock. W' ve done three of these
tests, two in the |Iower |ithophysal, and one in the upper
i thophysal, and those are all conpleted in ternms of their

field work.

Sonme of the prelimnary results fromthese tests,
t here was nodul us here. Again, these are all |ithophysal
units, so they have cavities, a significant nunber of

cavities. |If you conpare the results fromthe |ithophysal
rocks versus what we had done in non-lithophysal rocks in

Al cove 5, you can see there's a pretty significant
difference. W attributed that to the effects of |ithophysal
cavities.

And all of these results that we're collecting in
the field and I ab are all being incorporated into our drift
degradation nodels that are being updated for LA

This is just to try to drive hone the fact that

we've got a |l aboratory program Here, you' ve got a range of
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Young's Mbdulus as a function of strength for different
sanples fromdifferent parts of the Topopah, again, al

I ithophysal sanples. Renmenber, the field neasurenents for
Young's Modulus were down in this range. So, you can see the
effects of |ithophysae derives you nuch | ower val ues.

Now, this will again link in | think with what Joe
is going to talk about this afternoon. One of the aspects of
under st andi ng the waste package environnment is understanding
what ki nd of dust m ght gather on the engineered barrier
surfaces. The U. S. Geol ogical Survey has done a |ot of work
| ooking at, in recent years, in the past year or two, |ooking
at dust chemistry as we see it currently in the ESF.

W' ve collected dust. What's the source of the
dust? You can get it fromconstruction activities clearly.
There coul d be anbi ent dust being brought in by the

ventilation. But they have taken sanples, and this is just

an exanple of sonme of that data. It shows actually this is
normal i zed--that got cut off, too, | apologize--this is
actually a plot. W' ve nornmalized the concentration of dust

relative to the bulk rock. So, you take a piece of Topopah
Spring, analyze it, and then analyze the dust, and we're
conparing the two.

And the data shown here is for different sizes of
dust, different nmesh sizes, and it shows concentrations of

sonme of the key cations and anions for, again, dust sanples
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fromthe Exploratory Studies Facility. And this is very
important information that fol ks who think about the
environment are incorporating into thinking about what can go
on in ternms of evolution of the environnent in the drift.
There's nore backup on this, too, quite a bit, tabul ations,
and all kinds of other things in the backup.

Anot her aspect of the environnment that | want to
talk about briefly. This is going after things we' ve been
introducing into the system and how that m ght inpact water
chem stry. This is a diagramthat attenpts to conceptually
lay out if we had a rock bolt supporting a drift and you
grout that in place, you' ve introduced grout into the system

What can that do to the near-field and also the in-drift
water chem stry? Cearly, the grout will react, and it could
produce significantly higher pHs than we get at anbient.

We're starting an experinental program at
Livernore, Carl Steifle and his co-workers, where they're
doi ng reactive transport colum experinents, |ooking at the
effects of grout, and how that affects water chem stry as a
function of time. And there's quite a bit of data in your
backup. This is the conclusions to date.

We're basically | ooking at, again, evolution of
water chem stry. So, if you take a drift that's been exposed
to grout, very high pH and you then put it in a COQ2

at nosphere, they actually observed that it gets neutrali zed,
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or the pH gets nmuch Iower on relatively short tinme scales.
And how nmuch CO2 is available is clearly inmportant in driving
t hat process.

When you | ook at the details of what's controlling
t he evolution of the water chem stry, it's actually the
cal ci um hydr oxi de as opposed to the calciumsilicate phases
that's controlling the chem stry.

They' ve al so been thi nki ng about how one could go
about looking at, let's say, tailing the grout chem stry such
that you could better control the pH. One way to do that is
clearly to add silica to the system They' ve done sone
experinments in an autocl ave, again |ooking at on the order of
5 per cent silica added, and you still have portlandite in
t he cal ci um hydroxi de phase controlling the chemstry. So,
you still get high pHs. So, the prelimnary conclusion is
you just need to consider higher silica m xes.

As you age the grout, you get calcite
precipitation. That will reduce the reactivity. So, over
tinme, you would expect the conmbination would help in terns of
not producing real high pH sol utions.

And, finally, this is ongoing work. 1It's being
incorporated into the thinking that's going into the in-drift
chem stry nodels. So, you' ve got dust, you' ve got this sort
of work, and you've also got the work that | alluded to at

t he begi nning, an evolution of pore water chem stry that the
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USGS is doing. All that is part of the picture.

Last slide, a very brief discussion of sonme of the
exanples of the work that's going on at Argonne Nati onal
Laboratory in the waste formarea. This is an exanple of
some of the work that they' ve done | ooking at gl ass
di ssolution, high-level waste glass dissolution. What's
plotted here is basically dissolution rate, and the way
they're nonitoring that is by boron rel ease fromthe gl ass.

So, it's dissolution rate versus pH This is
actually a set of tests at 90 cel sius, where they' ve added
iron corrosion products to | ook at how that m ght affect
di ssolution rate. You can see there's no large effect. This
is an eta. | figured that out this norning. This is a nodel
paraneter that addresses the pH dependence in the system
But, the bottomline here is it shows the pH dependence on
gl ass dissolution, and also that there's no effect on gl ass
di ssolution fromiron corrosion products. This particular
one happened to be a key technical issue with the NRC

This kind of information, again, is part of the
long-termtesting programat Argonne, as well as PNL, and is
being incorporated into the AVRs, the anal ysis nodel reports,
as we speak.

To wap up, |I've wal ked through a | ot of
information. This is an ongoing programthat's providing our

basis for the |license application that John or Margaret
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alluded to. W continue to address the uncertainties. W
feel that it's providing us additional confidence in our
processes and, again, supports the initial submttal of the
license.
That's all | have.
CORRADI NI :  Thank you, Mark. Questions? Paul,
Priscilla and Di ck.
CRAIG Paul Craig. Thanks, Mark
Cccasionally, we get presentations here where we're
alittle--we wonder what the person actually was talking
about .
Turn to Nunber 31, if you would, please. Every
once in a while--this is an exanpl e of what needs to be
hi ghlighted. The issue of what capillarity does is

controversial, and it's to throw capillarity in a conputer

nodel, and it's nuch harder to do it in real life. This is
the first one |I've ever seen in real life that shows that
there's a threshold. |If | understand the picture correctly,
it is a sharp threshold.

PETERS: Yes.

CRAIG It would be real nice if one could extend this
and figure out whether it applies in a real repository

situation. It conveys a nmessage that the capillary barriers
really do work.

PETERS: And, again, | need to credit the fol ks at
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Berkeley. They've done a |ot of the testing. The datasets,
t hey have datasets for--this is one exanple, this is the kind
of data they've been collecting now for three or four years
in other niches as well. You know, it's nice to hear that
it's--you know, we could probably show nore of this, because
there's nore of this kind of stuff out there that they've
used to calibrate the nodel

NELSON: Yes, | think that story needs to be told nore
fully and in different ways fromthe way we've had it before.
This is Nel son, Board.

Mark, | feel confortable asking whatever it is that
occurs to ne because | know you can handle it, and | know
we're going to mss you. So, let's get started.

First, we asked in the past about rock fallout to
date, and how wel | that was being tracked and fed back into
the idea of drift degradation. Can you give an idea of what
information is being | earned, gathered?

PETERS:. Yeah. W talked about this several tinmes. |If
Mark Gorham was here, | think he'd tell you they are using
what "Il call nore qualitative, you know, in ternms--1 think
what you're after is if you wal k down the tunnel and you
could |l ook at an existing tunnel and see how it's behaving
and how i s that understanding incorporated into the nodel.
I s that your question?

NELSON: No, | think that there's a prediction possible
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about rock mass condition and how it mght deteriorate that
somewhere is in your drift degradation nodel

PETERS: Ri ght.

NELSON: And it has something to do with changes in
stresses and hum dity or npoisture content and al so the
heating cycle. To what extent are even the drying, like in
the ESF or ECRB that just happens because of ventilation,
precipitating sone fallout?

PETERS: You're getting air slacking. M observation is
is you' re seeing sonme air slacking, |I think that's the right
term on the ribs fromdrying out, and you're getting sone

slacking. W're not getting any significant, what | cal
significant degradation. You're seeing sonme key bl ock
formati on, and | know they incorporated those observations,
won't say directly calibrating their nodel, but they're
certainly aware of some of those phenonena and how t hat
conpares with their |ong-term nodel predictions.

So, if you talk to the fol ks who are doing those
nodel s, they could tell you how they're incorporating or how
they're thinking about that in terns of their nodels. But
they're not using the straight calibration data.

NELSON: Ckay. So, the rock fallout to date is
systematically recorded?
PETERS: W walk it down, the engineers on the site walk

it down for safety reasons. So, there is that data, and al so
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t he nodel types go out there frequently, and they walk it
down, and they understand how it's behaving. But the data
exi st s.

NELSON: Ckay. Just two nore things. One, you talked
about how the neoprene, how you were comng to an
under st andi ng of how sonme of the things you introduced into
the rock do affect what goes on. | think there's probably a
whol e generation of new instrunments that you could expect to
cone al ong on performance confirmation, new thinking, and
| essons | earned, not necessarily regarding the science, but
regardi ng the neasurability.

s there going to be a period of tine where that
ki nd of thinking not only about what instrunments perforned
wel |, but also what didn't, and where m ght new instrunents
be devel oped, new strategi es be devel oped that feed into
performance confirmation, and the science yet to be done?

PETERS: Yes. They're in the process of defining
performance confirmation program PC, and once they have that

defined, then that group that's in Performance Assessnent is

starting to and will continue to look at what I'l1 cal
sensor technology, things like that. I|'malso involved with
the S&P piece, and we've had sone di scussions, no conm t nent

inplied here, that possibly we would also work with themto
hel p | ook at what's out there. There's a trenmendous anount

of sensor technology in the conplex that we have yet to think
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about .

NELSON: And | think it's possible to push back on the
sensor devel opers to devel op the sensors that you need.

Finally, I"'mworried about that red spot. The Swell ex,
were those Swell ex bolts?

PETERS: W used WIllianms. | believe those--

NELSON: W I lians Mechani cal ?

PETERS. Yeah, we used different ones at different
pl aces in the tunnel, and I'mnot sure |I'mgoing to be able
to tell you exactly what we stuck in the crack there.

NELSON: Well, what |I'mwondering is where is the water
bei ng suggested to be fron? Was that inflation water? Wy
is the water there?

PETER 1'Il confirmw th you, but ny guess is they're
probably Swellex first. W're not collecting the water,
unfortunately. W're seeing evidence, we think we're seeing
evidence of it actually dripping. So, | think that's a very
good question. W don't yet know the actual source in terns
of whether it's introduced as you're installing the rock

bolts, or whether it's discrete fracture flowreturning to

the drift.

NELSON: Swellex usually drain out pretty well.

PETERS: We didn't see any draining.

NELSON:  You' ve got others than that one that could be
eval uated as well. So, you plan on actually |ooking at the
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rock bolts and seeing what the corrosion was fronf

PETERS. Particularly post-test, yes. W did it in the
single heater tests, and |I'm presum ng an outcone, but when
we get to three years fromnow, there's no doubt in my mnd
we'll go in and try to sanple sonme of those bolts, do coo
tests, and also sanple themto |ook at their alteration.

NELSON: Thanks.

PARI ZEK:  Pari zek, Board.

Mar k, congratul ati ons again on a heck of a | ot of
i nformati on, and maybe we can ask you sone questions |ater
when | digest nore of the details, if possible.

PETERS: Sure.

PARI ZEK: But a couple of points right away. You had a
design of a repository. Wat you put in it may have sone
consequence. (Obviously, there's very |ow pH water that may
cause alloys to disappear, and so on. But, so far, there's
sonme experinments that cause you sone probl ens.

PETERS: Ri ght.

PARI ZEK: Such as this question of neoprene. On the one
hand, you had al so the packer case before. Has sone thought
been given to this in terns of design of the confirmation
testing plan, as well as even a critical |ook at all things
you propose to put in the repository to hold it up in order
to put waste in there, not to have chem cal surprises

creating an environnment that m ght be harnful to waste
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packages in the future?

PETERS. Yes. W actually have a process which clearly
didn't work 100 per cent perfectly. 1'Il give you a word, it
may not nean much to you, but if you hear people tal k about
the determ nation of inportance eval uations, we do those for
all of our progranms for underground and at the surface. So,
if we introduce anything into the system there's an
eval uati on of waste isolation, nmeaning are we inpacting |ong-
termthe repository performance. There's al so an eval uation
focused there on test interference.

In the case of the pack and the neoprene, we had a
process, but it clearly didn't work perfectly. Those
eval uations were back in the '97 time frane. |It's not an
excuse. That's just how | ong ago they were. So, that
process--a process like that has to continue in nmy estimation
t hrough repository devel opnent. The |essons that we've
| earned specifically here are being incorporated into that.
But, yeah, we're going to have to be very careful
particularly in waste isolation, that we're not introducing
things into the system

PARI ZEK: That's an ongoi ng t hought process.

PETERS: Ri ght.

PARI ZEK: So, it doesn't really conprom se observations
you make |l ater on that m ght be harnful in terns of even just

confirmation tests, let alone repository perfornance.



© 00 N oo o B~ w N P

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

120

PETERS: Ri ght.

PARI ZEK:  No nention was made of the colloid transport
inthe Calico HIlls or Busted Butte. Do you have any new
observations you can offer on what's been the outcone of the
colloid transport in the Calico Hlls?

PETERS:. | tal ked about that in the past. | think as
you will probably recall, we had sone problens with the field
experinment. W were using spheres, not natural colloids, and
| won't be able to remenber off the top of my head how big
they were, | think they were on the order of 100 to 200
nanonet er size spheres, and we were getting a problemwth
them actually floccul ating and actually gathering at the
injection point and not transporting through the rock.

So, in ternms of field information, we don't have a
[ ot of nmeaningful information fromBusted Butte. They've

done sonme col umm experinents with crushed Busted Butte

material. Dick, I'"'msorry. W could get you nore
i nformati on.

PARI ZEK:  There's not much new t hen?

PETERS: There's not nuch new from what you've heard in
t he past.

PARI ZEK: We were just trying to get all the value we
can out of the experiment, to the extent possible.

On Slide 33, you had sone indication of water flow.

And the question is what sort of seepage rates are these
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equivalent to in terns of a climate state? Wen you put the
water in these experinments, also the other slide that shows
what you put in versus what you collected, are these really
out of the real mof--

PETERS:. Yeah, | think in mllineters per year. But the
current flux in the repository horizon by nmultiple |ines of
evidence is, what, one to ten mllinmeters per year.

PARI ZEK:  You had grans per second, or sonething?

PETERS: Yeah. W' ve done those calculations. |t ends
up being thousands of mllinmeters per year. W're over
driving, it's even beyond what we currently feel very

strongly is appropriate for pluvial type.

PARI ZEK: So, they're extrenes?

PETERS: Ri ght.

PARI ZEK: Way beyond what's expect ed.

PETERS: Really, Alcove 1, Alcove 8, they're al
extrenes.

PARI ZEK: That's good to hear.

The ot her question | had was the unsaturated zone

flow nodel, the U S. Ceol ogical Survey secondary m nera

studi es, you had both the fault zone m neral studies versus
the non-fault mneral studies. Wat came out of the fault

zone mneral studies in terns of sone sort of a percolation
rate through the nmountain? Does this support what's in the

Law ence Berkel ey nodel for flow through the unsaturated zone
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in faults?

PETERS: | mght have confused you. What | showed on
the faults and non-faults was actually uranium series.

PARI ZEK:  Secondary m neral s.

PETERS:. It was actually pore salts.

PARI ZEK: Ckay, pore salts.

PETERS. Yeah. | call thempore salts. They took a
rock and flushed water through it, and Brian is in the
audi ence, he can correct ne if I'mwong, but they were
| ooki ng at kind of bulk rock, uraniumisotopes. The fracture
m neral s thensel ves, that's where they were doing the ion
pr obe dat a.

PARI ZEK: Ri ght.

PETERS: And Brian can junp in here, but I'mnot sure
how much they've done in terns of |ooking at fracture m neral
dating within the faults.

MARSHALL: Brian Marshall, USGS

Actual Iy, the uranium 234, 238 disequilibrium
studi es that are underway now are on bul k rock. So,
di ssolving the whole rock to see if we can map out any zones
of preferential flow. W know from our previous secondary
m neral studies that we have |arge anounts of uraniumwth
hi gh ambunts of excess 234. And, so, that 234 uraniumhad to
come from sonmewhere. It cones fromthe bul k rock through

wat er/rock interaction over |long tine periods.
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PETERS:. But the calcite opal U series geochronol ogy
that you're doing in the fracture mnerals in the Topopah,
have you done any of that into the faults?

PARI ZEK: Yeah, it's a long-term average through faulted

1

2

3

4

5 rock.
6 MARSHALL: I n general, we have not found very nuch
7 calcite or opal, secondary minerals, that have been

8 identified.

9

CORRADI NI :  Dave, did you have a question?

10 DI ODATO  Thure can go first, and then I'I| go.

11 CORRADI NI :  Ckay. Thure, do you want to go ahead? |'m
12 sorry.

13 CERLING Thure Cerling, Board

14 Just on Slide 62, which was chem stry of the dust,

15 1 was just struck by the fact that it |ooks Iike the m xture
16 of rock and salts, and so | was just wondering what the

17 source of the salts were.

18 PETERS: Partly probably dust brought in from outside ,

19 probably in sone cases residue fromthe construction water.

20 CERLING So, there's a significant antigenic flow?
21 PETERS: Yes.

22 CORRADI NI :  Dave, go ahead.

23 DI ODATO D odato, Board Staff.

24 Earlier, Jeff WIllians introduced a potenti al

25 repository layout with five phases. And in terns of
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confidence and uncertainty in the program predictions about
performance, there's, one, the enpirical technical basis
that, you know, is the gathering of data, and that's kind of
your field, testing and the gathering of data, and process
nodel I ing, then the extraction for PA. So, uncertainty can
creep in at every stage of that.

So, what |I'm wondering fromyour know edge, is
about the extended characterization the rocks, both
geol ogically and hydrogeologically in, say, 2, 3, 500 neters
UTM north, in that part of, you know, Panels 2 and 3,
relative to the other |ower southern, nore in the main part
of Yucca Mountain, and then how that mght work in. 1In terns
of performance confirmation, you had a capital P, capital C,
and | don't know if that's different fromsone other thing,
and if that characterization--

PETERS:. ['Ill tell you what | mean by that. Can we go
to 3?7 4, sorry.

DI ODATO So, north is to the southwest in that? Okay.

North of the ESF about 500 neters, and then beyond.

PETERS. W evaluated the |ayout that you saw. Jeff
showed Panels 1 through 5, and we feel it's adequately
characteri zed.

Dl ODATO  How does that conpare with the degree of
characterization you have within, say, the ring bounded by

t he ESF?
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PETERS: Well, clearly, we have additional information
when you have the ESF here and the cross drift here. W' ve
got surface wall coverage all up in this area as well. If
you | ook at a map of Panel 1 through 5 and an overl ay,
surface boreholes in the ESF, we've eval uated that and feel
that it's adequately characteri zed.

DI ODATO And I'Il ask other people about the process
nodel ling, so | won't--

PETERS: Say that again.

DI ODATO 1'1l ask other people about the process
nodel ling, the PA, | see Peter Swift in to cone on.

PETERS. Yeah, that's probably sonebody el se's question.

CORRADI NI :  Dan?

BULLEN: Bul |l en, Board.

Can we start with Slide 13, please? | hate to cone
back to Chlorine-36, but | guess | just have sort of a
foll ow-on question. Wen you say that your conceptual nodels

do not rely directly on this data and wll not be nodified
based on the results to date, will they ever rely on this
data? And do you expect themto have sone inpact,
specifically with respect to fast fracture fl ow?

PETERS. Let ne be clear what | nmean by that. This
needs to be real clear. The data that's actually used to
calibrate the flow fields is chloride data, total chloride.

The Chlorine 36 observations that were nade in the md
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Ni neties that suggested fast path--and, by the way, there's
ot her data that suggests we have areas of fast flowin the
nmount ai n--our conceptual nodel respects that dataset, neaning
we have fast flow in the conceptual nodel
If you take the--let's ignore the Los Al anps data

for a mnute, and you take the USGS/Livernore data at face
val ue, they see no evidence of bonb pulse. They would
suggest pore waters hundreds of thousands of years old, no
fast flow, ignoring any other data. You know, there's no
intent on our part to change our conceptual nodel based on
that at this tine.

BULLEN: Ckay. Can we nove on to Slide 20? You stated

that the pore water extraction is really hard to do.

PETERS: | probably overstated it.

BULLEN: It |ooks hard to ne, so, you don't have to
overstate it. | guess the question | have is are there any
natural processes that you' d expect to get real pore water

you know, in contact with the waste packages w t hout havi ng
to buffer the effects of the matrix rock? | nean, we're
going to hear a presentation that will probably tal k about
concentration of pore water this afternoon. | think ny
crystal ball tells nme that.

So, I'"mjust |ooking at how can you get pore water
out and concentrate it, besides ulltracentrifuging the

mount ai n?
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PETERS. So, how do you get the concentrated pore water
out in the fractures and get it into the drift?

BULLEN: Right. Just curious.

PETERS. It's hard. But, it's a question of how-1'm
not going to answer your question directly, but the fracture,
what's the conposition of fracture water? Wat's the
concentration? Is it in equilibriumwth the matrix?
think that's a real good question to ask.

| did overstate ny point, but this--it's not easy
to get the water out of those welded tuffs. As you know, we
haven't seen dripping. W've collected water out of them
and when we have, it's usually when it gets noved around by
heat, and it collects in |larger volunes. To get anbient pore
wat er chem stry, you have to go to an ultracentrifuge.

BULLEN. That's a good point. That's what |, you know,

wanted you to make. Moving on to 35.

LATANI SION:  Before we nove on, can | interrupt?

BULLEN: Pl ease.

LATANISION: |I'mmssing the nmystery here. 1Isn't the
i ssue just heating the rock? Isn't that the process that
drives the water out? Wiat is the nmystery here? [|'m m ssing
the nystery.

BULLEN: Bul |l en, Board.

Actual ly, heating the rock is one thing, but do you

get the sane chem stry of the pore water after it's noved
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through the matrix, is ny question. The chemstry of the
pore water is inportant because it's the chloride
concentration and all that. But when you heat it up, does it
have the sanme chemistry? 1In this case, they're trying to
preserve pore water chem stry. In the other cases, do they
preserve pore water chem stry, was the sort of basis for ny
guesti on.

LATANI SION: Ckay. And we don't know the answer to
t hat ?

PETERS. We've sanpled, if |I'munderstandi ng what you're
sayi ng, we have sanpled water that's been noved around by

heat, collected it.

LATANI SI ON: Ckay.

PETERS:. Analyzed it. It |ooks pretty simlar.

BULLEN: How subtle are the differences, | guess is ny
guesti on.

PETERS: The sanmple we've anal yzed that's been noved
around by heat, | can't renenber, | won't be able to give you
by elenment, but it's close to a condensate, with evidence of

interaction with calcite and opal. But it looks like J-13 in
a lot of respects.
BULLEN: Bul |l en, Board.
Because J-13 water and pore water aren't the sane,
in my book.
PETERS:. | under st and.
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BULLEN: Ckay, thank you. That was my point.

PETERS. But, we've got that, we've got the stuff we
noved around in the heater test, and we've got J-13.

BULLEN: So, you have the snorgasbord there from which
to choose.

PETERS. | wouldn't say it's a snorgasbord. No, we can
understand the differences between them and those are part
of our thinking when we--what kind of waters we put into the
tanks at Livernore, and et cetera.

BULLEN: Well, maybe a followon to the water is Figure
35 then, because, let's see if | can get this one right, what
you're | ooking at here basically is the bul khead
condensati on, which you stated is basically condensation is
dom nant, which | think is that second to the |ast bullet.
Is there a potential that there's a fraction of seepage
that's in there, and do you have any nodel s that m ght
predict that you' ve got partial seepage, partial

condensati on, which basically gives you a nore dilute

seepage, if you will, than the result that you see?

PETERS. | can't rule it out totally. But the water
chem stry that we do have, it's dilute. |It's condensate.
There's basically nothing init.

BULLEN: Ckay, that's fine.
PETERS. A very dilute seepage.

BULLEN: | guess | just wondered if there was a m x of
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t he two.

PETERS: Well, | can't rule that out at this tinme. Once
we have additional water chem stry data, coupled with the
nodel Il ing program | think we can address that.

BULLEN: Geat. Figure 56? Let's see, is that the
right one? Yes. You' re |looking at basically some thernma
conductivity nmeasurenments when you tal k about wet versus dry.

Do you have a change as the rewetting front cones through

and can you take a look at it fromthe perspective of the

nodel of, you know, when will it be wet, when will it be dry?
Is there a tine elenent that you can drive here, or is this

just bulk data that you can use in the TSPA?

PETERS: Fromthe field experinments?

BULLEN: Yes, fromthe field experinents, can you see,
i ke, what the rewetting potential m ght be?

PETERS: W're just now getting to the point where we're
turning themoff. So, | think I have to answer that |ater.

BULLEN: Ckay. Put that in the to do file.

PETERS: Ckay.

BULLEN: And then ny final one is actually 59, where
we're | ooking at the mechanical tests. And, you know, you

notice that the thermal test facility gives you--well,
actually the noduli neasured here, going fromthree
gi gapascal s to, you know, 20 gigapascals, | guess does this

suggest that you're going to have to change the ground
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support fromrock bolt to nesh, or are you just going to have
to rock bolt the daylights out of the place, or are you going
tolineit with gunite, or what do you think m ght be a
suggestion here, since we've got sone significant differences
in the rock strength, | guess?

NELSON: This is not strength.

BULLEN: Ckay. But |I'mequating ny sinple engineering
anal ysis here, because this is not as strong--is it not as
strong, is that right, Dr. Nelson?

NELSON: It's not as stiff.

BULLEN: Not as stiff, okay. Well, not as stiff.

PETERS: Difference.

BULLEN: Ckay, difference, | understand. But, do you
think that basically the ground support is going to have to

be nodi fi ed?

PETERS: The ground support folks are in the final
eval uati on of what ground support they'll carry into the
Iicense application design. To ny know edge, it's not
changi ng.

BULLEN: Ckay. Then I'Il sneak one last one in fromthe
audi ence because Sally Devlin is nmy friend. She just wants a

l[ittle update on her bugs. | know you have limted tinme. Do
you want to talk a little bit about what Joann Horn is doing
at Livernore? Are you still sanmpling bugs, | guess is the

guestion?
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PETERS: Are we still sanpling bugs in the tunnel?

BULLEN: Actually, in the water and on the canisters was
her questi on.

PETERS: We're still doing testing on MC in the |ab,
Joann.

BULLEN: We've seen Joann's work, and Joann has
basically gotten bugs fromthe nountain, extracted by
identified counties, and done the work. There are bugs in
the dust. It wasn't nentioned because you didn't have tine.

PETERS: Well, | mean, we've characterized--Larry
Her ski n has done the anbient popul ation. Joann worked with

him There's not an active program continuing to coll ect
bugs fromthe field. The USGS has | ooked at organic acids
and pore water. That's al so being incorporated.

BULLEN: Ckay. Thanks, Mark, and thanks, M. Chairnman,
for letting me ranble.

CORRADI NI :  You're wel come. Next question? Dave, then
Ron, or are you done?

DUQUETTE: Duquette, Board.

Figure 35, we don't have to go back to it, but as
you know, the Board is somewhat concerned about what you' ve
now i dentified as condensation. And you'll have to forgive
me, because |'ma relatively new nmenber to the Board, but is
t hat because of current human intrusion? |Is it because of

t he placenent of the bul kheads, or do you expect that sane
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condensation to be in place once you begin enplacing the
cani sters?

PETERS: We're seeing a phenonena. We've introduced
some water into the systemwhen we mned it. Wat we're
seeing back there is associated with heat sources that we' ve
i ntroduced. What was driving it in the early days we think
is the tunnel boring machine that's parked at the back end
was hot, and we had a tenperature gradient that was driving
t he phenonena. 1Is it sonething we would potentially see in
the repository? | think so. W're going to have variable
heat sources along the drift. That's why | personally, this
is nme talking, | think it's very inportant that we nodel the
results and understand it not only froma seepage versus

condensation, but also what the heck is going on inside the

drift.

DUQUETTE: Obviously, | think it's very inportant as
wel | .

PETERS. Was that a clear enough answer? W' ve
i ntroduced heat sources. There's transforners and things in
there that are hot, and you can see the phenonena are

associ ated with those heat sources.

DUQUETTE: Yes, | understand that. My question really
had to do with whether you expect the sane kind of
condensation once the vault is in operation. And | think

what you've said is you do expect it.
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PETERS. Well, that was ne tal king. Peter maybe has a
di fferent perspective, or others. You m ght want to reask
t hat questi on.

CORRADINI:  So, can | just follow up on that? |'m
curious about the local, what you said was a potenti al
source, which was fromthe mning and then driving it wth a
heat source. Wuldn't that be affected then by the
circulation or the forced convective flow you have in the
early phase where you would essentially be pulling all that
noi sture out which you had introduced? |1'mlooking at a tine
scal e i ssue here.

PETERS:. During the operations period, you' d be force
ventilating, you' d dry the rock "X neters into the rock.

But once you close it off, after you close, it will start to

rewet. It's akinto this. | think that's the point.
But let me back up, the water chem stry, you know
better than | do, if it's a condensate, it doesn't cause a

trenmendous anmount of problens for us as a straight

condensate. But then you' ve got to worry about dust on the

surface and how that all interplays.
CORRADI NI : Okay. But just so I'm because we were both
kind of talking to each other, is what was the source of the

water, part of the source of the water was the initial mning
operation. And that would have passed through on a tine

scale issue. If it's comng fromwhat you had dried out is
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com ng back, then I understand that we're now tal ki ng about
different tinme scales.

PETERS: Ri ght.

LATANI SI ON: Nunber 39, please. The conclusion that the
fractures are less inportant, this is Item Nunber 2, what's
the anal ysis that | eads to that concl usion?

PETERS. Go back one slide. This is a different part of
the stratigraphy. W're down at the very bottom of the
Topopah Spring in what's called the vitrophere, the chilled
part, the glassy area. This is all bedded tuff. There's
sonme fractures that occur in the upper part of the unit. And
when they did the detailed testing in that area, they didn't
see significant affects of the fractures in terms of howit
behaved in break-through. They saw nore of an influence of
the heterogeneities in terns of the sub-layers. W' re not
t al king Topopah Spring here. W're talking a different part
of the geol ogy.

CORRADI NI :  So, what | thought you just said was the
fracture flow domnates to a point, and then at a | ower
el evation, the resistance becones higher, and that's what

then controls the fl ow

PETERS: Ri ght.

CORRADINI:  Am | interpreting correctly what you just
sai d?

PETERS: | think so. These particular units are |'|
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call unfractured. They're sandstones. They non-wel ded.

CORRADI NI : Ot her questions? Carl?

DI BELLA: Carl DiBella, Technical Staff.

|"ve got a question about the dust, Mark. You
menti oned that the dust could possibly have three sources,
construction, man nade sources, and the atnospheric dust.
And | | ooked in your backup, and it |ooked Iike your dust
sanpling was by way of just vacuumng the walls of the
tunnel. It would seemto ne that the mmj or conponent, or at
| east a significant conponent, of the dust in the waste
packages after 20, 30, 50, 300 years of ventilation mght be
the ventilation. And I'mwondering if you have any plans for
measuring the dust that is in ventilation air. And as | say
that, | have a vague recollection that soneone has done
sonmething in this area, perhaps Nye County.
Coul d you answer whether there are any plans to

|l ook at what's in the air? And | would think actually there
m ght be sonmewhat of an organic conponent to that, spores and
that sort of thing.

PETERS. |I'mnot sure of the status of the anal yses, but
| know the USGS was working with the field folks to set up a
filtering systemto try to do just that. | just don't know
where we're at in ternms of actually collecting them It's
been di scussed, Carl, and | would say it's planned, but I

don't know what the status is. | nean, it's clearly another
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pi ece of the puzzle that we need to address, and they're
there already thinking about it. 1 just don't know the
results. We could find out.

CORRADINI: | see nore Staff questions. Leon, did you
have a question?

REI TER: Yes, Leon Reiter, Staff. Just two quick
guesti ons.

How does the seepage threshold in the |ithophysal
unit conpare to the seepage threshold in the non-1lithophysal
unit? The second question is you nentioned, or tal ked about
t he ongoi ng results and updati ng nodel s, and stuff |ike that.

Maybe this is a question for Peter nore than you, but what
is the cutoff for the licensing application for TSPA that you
can use this kind of thing?

PETERS. Ckay, first question, ny recollectionis is
that the seepage threshold concept, take that at face val ue,
t he non-lithophysal is, to ny recollection, a thousand
mllimeters per year, and the |ithophysal is lower. That's
ny recollection, and I1'll confirmthat with Bo, or sonebody
up in his shop

Second question, the timng. W're in the process
of preparing the analysis nodel reports that wll be the
basis for LA as we speak. So, the information that |'ve
t al ked about here that was collected up through the end of

the cal endar year is being incorporated into those AVRs. The
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data will continue to be collected. So, that then feeds
TSPA. The AVRs are finished in the May, June tine frane, and
then TSPA will be conpleted for LA. The data will continue
to be collected in a lot of these progranms. It will be used
as corroborative for the purposes of '04.

REITER | want to get to the general feeling. You can
say that data collected after June will have little or no
i npact ?

PETERS: | wouldn't say little or no inpact. It won't

be in this generation of nodels in terns of our calibration

or anything like that. But it will still be available to
corroborate and also further validate. | wouldn't say no
inmpact. There's data that's being collected that's being
incorporated in terns of, for exanple, calibrating the nodel,
they're going to calibrate the nodel, it's been cali brated,
they're not going to go back and calibrate it, but this is an

iterative process, as you well know. Those will be updated
once again as we go forward with anendnents, if we pass the
initial license. So, this information doesn't get |ost.
There will be an ongoing programand we will continue to

update the nodels in the TSPA as we go out. That's the

answer .
CORRADINI: Bill?
BARNARD: Bill Barnard, Board Staff.
Mar k, how did you sanple the splotch, the red
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spl ot ch?

PETERS. They actually went in with--1 didn't actually
see it working, Bill, but ny understanding was is it was a
little extension that they put on the canera box, and they
went down with a swi pe and swipped it manual |y and brought it
out and XRD'd it.

BARNARD: So, you had sonebody inside?

PETERS. No, no, they went in, they hooked it up onto

the canera itself that went in, controlled it from 32 neters

away .
CORRADI NI Priscilla?
NELSON: Just two nore things. Nelson, Board.
You have several tines referred to scale, scale
effects, and | think this project is somewhat unique in the

wi de variety of testing at different scales that's been

acconplished, but I don't think there's been a coherent

st at ement package made of all the conclusions that can be

pul l ed regarding scale. And they're so incredibly inportant

that 1'd encourage the project to try to pull those scale

observations together, the scale effects observed in

different tests and different size openings in different

ki nds of properties. So, just the whole rock engi neering

community woul d benefit very nmuch fromthat kind of insight.
| wanted to ask you one question regarding the

i nput of all of your thinking here for the igneous
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consequences evaluation. To what extent do you think the
i gneous consequences nodel s woul d have different concl usions,
dependi ng upon the lith versus non-lith rock?

PETERS. |'m probably not the right guy to answer that
guesti on.

NELSON: Ckay. Because it seens that a |lot of the
conversation was really focused towards non-lith and fracture
interactions, and it seens |ike things m ght be a whol e | ot
different with the lith rock.

PETERS: In ternms of di ke propagation?

NELSON: Yes. So, |I'mwondering to what extent you are
linked into the igneous consequence nodelling in terns of
maki ng sure they're characterizing the rock well to
under st and what the expected consequences are.

PETERS. Yeah, | don't know. Peter, are you out there?

"' mgoing to ask you a question. Wen we think about dike
propagation through the repository, do we account for

differences in the country rock nechanically?

HARDI NG Ernie Harding, BSC. [I'mnot going to offer
much illum nation on this topic. But, | wll say that the
same group that is doing the rockfall and geonechani cal work

is also | ooking at the nechanics of dike propagation in the
rock units. So, the group is aware. |'mtalking about the
consultants led by Mark Lord on our staff, and they are aware

of the differences in properties for the different rock units
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that we're tal king about. Does that hel p?

NELSON: Is there an inpact, or should I ask Mark?

HARDI NG Well, as you've seen fromother slides, the
stiffness and strength of the rock units do vary. So, we
know that, so that will have to be factored into the
nmechani cs of di ke propagati on.

NELSON: Yeah. Nelson, Board. More than just
stiffness, is the presence of the porosity?

HARDI NG R ght.

NELSON: And bl eed of f the mai ntenance and pressure at
the--anyway, ['Il talk to Mark.

CORRADI NI :  We have a couple nore questions from Board
menbers. We're at 11:45, which is the time for public

comment. | have a public comment register of six people,

none of which indicated they wanted or needed to tal k before

[ unch, which nmeans we woul d have it occur at the end of the
day.

DEVLIN: | would like to talk before that.

CORRADI NI :  Okay. And nobody el se?

SPEAKER: | would like to al so speak now.

CORRADI NI :  Okay. If it's before lunch, then nothing at
the end of the day; is that correct?

Al right, solet me do this. Let nme take the |ast
two questions were Paul, is that correct, Paul, and D ck?
Briefly, we'll go to public coments from Sally and--go
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ahead.
CRAIG (Ckay, with any luck, I now have a m crophone
t hat works. Paul Craig.

This is one of these naive coments that has to do
with the role of new science. And we've had a | ot of
conversation about the cutoff tinmes for doing the nodelling.

The history of the project has shown that science has
occasionally been quite unstable. The understanding of the

nmount ai n has changed a | ot over the decades.

Currently, it looks like it's fairly stable. W
haven't had any big surprises for quite a while now. |'m
going to say it seens to ne it's reasonable that if you don't

have any big surprises in the science, that it doesn't nmake a
whol e | ot of sense to go back and recal cul ate nodel s, because
it's an exceedingly | aborious process and it won't provide
you with any major new insights or any surprises.

On the other hand, if it should turn out that you
do get surprises fromthe new science, then sonehow or other
the systemhas got to find a way to take that into account.
There's no way to avoid that. Maybe thinking in terns of

surprises in the science versus non-surprises in the science

is a useful way to think about the handling of new
information. | just lay this out as a hypothesis or
pr oposal .

PETERS: Did you want ne to comment on that at all?
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CRAIG That's not necessary. But if you feel like it,
please. Wiat I'mtrying to get as is a continuing concern we
have about the cutoff tinme.

PETERS:. | understand. The only conmment | would make is
that there will be pieces of the program and that's what |
meant by performance confirmation strictly. That will be a
condition--that will be part of the programthat's in place
to continue to confirmwhat we assune in the '04 |license.
That's a condition of the license. So, there will be things
that will be reported to the NRC, and there's the long-term
sci ence programthat John and Margaret have planned out that
will continue to collect information. | mean, the licensing

process, as you know, allows for continued updates as we

| earn additional information.
CORRADI NI :  Di ck?
PARI ZEK:  Pari zek, Board.
Just a quick point. There's no nention nmade of
anal ogues. |Is there anything new on the anal ogue front, the
anal ogue report? Anything going on in Mxico?

PETERS:. There was a report put together four or five
nmont hs ago that synthesized everything that we had done on
anal ogues to date. The primary programthat's still in the
plan for the near-termis to try to do the work at Pena
Bl anca. But that was del ayed by the problens that we had

with sonme logistics, and nowit's al so been deferred by the
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conti nued resol ution.

Anal ogues i s being | ooked at as one of the areas by
t he Sci ence and Technol ogy folks. No commtnent inplied
here, just that that is one area that they're | ooking at very
cl osel y.

CORRADI NI :  Okay. According to the form | have three
i ndi vidual s that wanted to speak briefly, Ms. Devlin, Sally
Devlin, M. Gant Hudlow, and Dr. Jacob Paz.

So, Ms. Devlin?

PAZ: This information I'mgoing to give. [1'll try to
be very brief. M nane is Dr. Jacob Paz. Don't wite it.
"1l give you all the information witten. | have submtted
a research proposal about in August. | got the reply that
t he proposal has no technical nerit. 1In light that one
author is a fellow of the National Acadeny of Science, the
second is a forner Assistant Admnistrator. | hand delivered
rebuttal comments, including review of the literature
materials. | never got an answer.

|"d just like to read the comments. This research
letter is to point out substantial different support in the
literature for research approval set forth by the proposal.
Apparently, the reviewer did not consider scientific
literature or failed to explain why their opinion is so
different substantially fromothers that have already done

research in this area, and published their results in
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scientific journals.

The study was conducted as an exploratory study. |
want just to mention that it is difficult, if not inpossible,
to understand why the reviewer canme to such a concl usion.
have mailed to Dr. Chu a |letter about three nonths ago. |
never received any comruni cati on.

Finally, | make a suggestion that the Nucl ear
Techni cal Revi ew Board approach the National Acadeny of
Sci ence, energy and environnental systemdivision, to provide
above scientific input. The BES, the Division, could provide
expert advi se through i ndependent and inpartial input on
conplex matters health risk issues, which |I have raised.

In ny material, | also include sone abstracts.

i ncluded sone federal information in the literature, which
have cited in a paper which I'"'mplanning to submt. [|'m
going to submt a supplenentary guidelines for conducting
heal th risk assessnents of chem cal m xtures by the EPA. In
addition, there's a nenorandum of understanding of the DOE
basel i ne ri sk assessnment to exposure. |'mgoing to give you
a draft report for cesium cobalt, PCB, strontium and
trifluoronethane, and 1'd just like to read from Page 25.
And this is governnmental recomrendation

Nei t her--exam ned the toxicity of five m xtures
t hrough--are available. Simlarly, the physiol ogical

phar maki neti ¢ nodel s described are not available. And absent
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different data, they recommended a conpound approach--that
only 10 per cent of (inaudible) in the data--the potential of
interaction of conmpounds are al so | acking.

There is another draft nmanual which they're going
to draft on guidelines for assessnment of toxic action on
chem cals, and the |last docunment is interaction for arsenic,
hydrozene, jet fuel, strontium90, and trifluoromnmethane. Al
this information exists in the literature. This is just
background i nformation.

|"d just like to nake a coment that | have not had
any study on the novenment of radionuclides. Specifically,
what |'m concerned about is chromum The nountain is | oaded
wi th manganese oxide. The study has not been conpleted. W
have to think on the current regulation, that Yucca Muntain
wi ||l beconme a RECLA site, a CERCLA site, and later a m xed
waste site, and we have to mark this framework unl ess the
court or the Congress preenpts.

That's all. Thank you.

CORRADI NI :  Thank you, Dr. Paz. Ms. Devlin?

DEVLIN: Thank you, M. Chairman. And | canme in a
little late, so I mght have m ssed the governor with his
hand out greeting you. But | guess | didn't. Wl cone, and,
of course, all ny helpers in the audience, to Nevada, and
t hank you so much for comng. This is the first tinme |'ve

ever said |'msorry you're not in Pahrunp, because our
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hi ghways, because we're getting a huge Wal-Mart, are
conpletely torn up eleven mles in each direction. So,
agai n, thank you so much for com ng.

The reason | insisted on speaking is | know that
nothing will curb anybody's appetite for our gorgeous Las
Vegas food. Therefore, | amgiving this report, which
couldn't get copied because | couldn't get to the copying
pl ace, which is on nuclear waste nmay pass through ports.
And, as you know, | am Madane Transportation, and what this
says is that 21,572 tons, or alnost 19 per cent of all the
commerci al power plant waste destined for Yucca Mountain wl |
go to 15 commercial ports, including Lake M chigan. And

this, to me, is perfectly horrible, frightening, and so on.

And while you were all working so hard, | was
goofing off and studying. | had a nmentor who taught ne how
to build roads, build asphalt and concrete roads, and al

that that entailed, and | did the one thing that nost peopl e,
as you know, don't do. | got the cost of it--1've done
dozens of reports on this--and we're tal king over a thousand
dollars a mle, or amllion dollars a mle. And, of course,
we have no roads here in Nevada. W're a nine hazard
Intrastate 95, or whatever you use, 160.

The other thing | had to learn was how to build the
rail road, which I had help fromfrom Washi ngt on, 300 pages

worth, and other books. And now | know how to build a
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railroad. And ny feeling is that is well over a billion
mles was cheap. But, of course, now that | know you're
t al ki ng barge and shipping, that is even cheaper, and it
Worries me even nore.

Now, | was hoping that there would be soneone from
t he Coast CGuard or at |east the American Bureau of Shipping
who designs the ships, and sonmeone el se here at this neeting
when we talk a little bit about transportation, so | hope
they' Il connect with ne. And | certainly welcome W Arthur,
11, and | hope you'll keep ne infornmed about your neeting in
February, because that is ny field. And |I'mgoing to end
with just pounding this with you

They are tal king concrete containers of 500 tons
that can sink and they can pull they up for 30 days. That
was just in one report. So, | thought you would be
interested in this.

And I will close with ny conputer know edge,
because you know I'mthe only one who ever passed the course
in Pahrunp, and it is http://ww.detnews, one word,

.com 2002/ nat i on/ 0204/ 03/ a08w 455450. ht m And that is to get
this report which | couldn't get for you.

So, thank you. And renenber barging is dangerous,
especially in 15 ports, and you cannot use the Amargosa
River, gang, |'msorry.

CORRADI NI : M. Hudl ow?
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HUDLOW  Thank you. |I'm Grant Hudlow. 1'mthe CEO of
Al'lied Science, Incorporated. W do resource recovery, and
we nmake waste tires, scrap tires, city trash, that kind of
t hing, damaged, and it turned into usable products. 1've
al so done sonme work on transnutation.

| have here a letter of January 24th from Margar et
Chu, and she's trying to answer, send to NWIRB comment s t hat
they're urging the DOE to up the performance a little bit on
this Yucca Mountain. The NWIRB has people that are, a few
peopl e that are industrial people, turn around experts. The
Advi sory Group to the NWIRB al so has a few of those peopl e.
Those are very special people.

In the American industry, which leads the world in
this sort of innovation, those are the people that make
t hi ngs happen. Those are the things that get people to get
t hi ngs done. Those are the people that are capabl e of
directing others that don't have their level of skill. And
it's fortunate that we have those peopl e avail abl e.

It's unfortunate that we don't have any of those
people in DOE. Al Alns was in the DCE in a different
division. | talked to himabout that. He had kind of
expertise. And | asked hi mwhy he wasn't passing that on to
hi s people below him and he said very sinply, he was an
Assi stant Secretary, he said very sinply, "I can't. | don't

have tine. M job is to get noney out of Congress.”
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And I'd Iike to urge Margaret Chu to get people
like this in the DOE, get themin top positions. They can
make this project happen. The people that are there now
cannot. The people that are there now are going to nmake the
wor st di saster we've ever seen on this planet.

CORRADI NI :  Okay. We're going to break for |unch now,
and cone back at 10 after 1:00. See you in an hour or so.

Thank you.

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

CORRADINI:  We'll get started with the afternoon
session. | have one announcenent | wanted to make. | wanted
to announce that there will be two neetings of the Board
Panel s next nonth. On February 24, there will be a joint
neeting of the Site Characterization and Repository Panels on
seismc issues. Topics will cover earthquake ground noti on,
pre and post-closure analysis and design, as well as drift
stability and structural response.

The foll ow ng day, on Tuesday, February 25th, the
nmeeting on the operation of the overall waste nmanagenent
systemw || be held on topics such as waste acceptance,
transportation, repository recei pt and enpl acenent
underground. Jeff WIllians, in fact, nade nention of that in
his presentation.

Both of those neetings will occur in Las Vegas at

the Best Western Tuscany Hotel, again, on February 24th and

25t h, Monday and Tuesday. |If you want nore details, you can
essentially |look at the Board's website and we'll provide the
details there.

['ll turn over the afternoon session to Professor
Duquette. Dave?
DUQUETTE: Thank you, M ke.
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Most of you know who | am |'m David Duquette.
This afternoon, we will have five presentations, beginning
wi th an overvi ew of corrosion studies sponsored by the State
of Nevada, followed by an update on the progress of materials
testing at Lawrence Livernore. The third presentation wll
cover waste package manufacturing and cl osure.

Fol l ow ng the afternoon break, an invited speaker
wi |l address us on the influences of paleosols on fluid flow
and solute transport. And the final presentation of the day
wi || describe the planned anal yses of the waste isolation
capabilities of the barriers within the Yucca Muntain
repository.

At the conclusion of that presentation, Dr.
Corradini will entertain any conments that nmenbers of the
audi ence may have to direct to the Board, and | m ght rem nd
you to sign up at the back of the roomif you do have sone
comments to make.

The first presentation this afternoon is on
corrosion studies is on corrosion studies sponsored by the
State of Nevada. It will be presented by two individuals,
Dr. Roger Staehle and Dr. Don Shettel.

Dr. Shettel has been a consultant on high-I|eve
nucl ear waste di sposal since 1986. He's currently with
Geosci ences Managenent Institute in Boulder Cty, Nevada.

He's a consultant to the State of Nevada. Previously, Dr.
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Shettel has consulted on | ow | evel radioactive waste di sposal
in the United States, and on high-level radioactive waste
di sposal in Canada. He's also worked in various capacities
as a geochem st. He has Master's Degrees and Ph.D degrees in
geochem stry and m neral ogy from Penn State, and an
under graduat e degree in geology fromthe University of
M chi gan.

Dr. Staehle is an adjunct professor at the
Uni versity of Mnnesota in the Departnent of Chem ca
Engi neering and Materials Science. He's the former dean of
the Institute of Technology at the University. His research
interests include predicting the corrosion performnce of
engi neeri ng equi pnment, stress corrosion cracking, passivity
and corrosion in aqueous environnents. He's a nmenber of the
Nat i onal Acadeny of Engi neering, having been elected in 1978,
and is the recipient of the WIlis Rodney Witney award for

out standing contributions to corrosion science in 1980.

And, with that, I'lIl turn the floor over to Dr.
Shettel.
SHETTEL: [I'll stand over here and try and stay out of
peopl e' s way.

This diagramrepresents an outline of ny talk, as
wel | as several processes and types of water that 1'Il be
di scussing in sone detail.

Types of water we have first is precipitation,
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which is rain and snow. The second is fracture flow water,
or sonetinmes referred to as vadose water. Matrix water is
what's contained in the pores in the rock. Four is refluxing
zone, which represents a m xture of vadose water and pore
wat ers, and basically everything that's above the repository.
There was a question this norning about how do we get the
matrix or pore water out of the rock. And, basically, it's
heat fromthe repository, and then this water basically cones
out through the fractures and mcro-fractures, and in sone
cases, there may be mcro-porosity around sonme of the mcro-
fractures. And fromthere, it can be nobilized by heat,
driven up by heat, and can nove down by waters infiltrating
down from above.

There are two types of waters that are bel ow t he
repository, perched water and ground water. And | won't talk
about these very nmuch at all.

Types of processes that can occur at Yucca
Mountain. Starting at the top, we can have soil zone
interactions, we can have vadose water-rock interactions in
fractures, and then sonething that's not discussed very nuch
at all until sonmewhat recently, we have an optinmal biotic
grow h zone that forms sonewhat of an unbrella over the
heated repository, and this growh or m crobi ol ogi cal
activity seens to peak around 45 degrees centi grade.

| nside of that, we have the water-rock interactions
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that are within the refluxing zone, and this invol ves boiling
of water at the bottom where the tenperature is highest, and
up above when that steam goes up in fractures and what ever
and it condenses and you can have dilute condensates, and
m xtures of just about anything and everything in between
t hat .

And we have in-drift processes, which Dr. Staehle
in the next presentation will talk about in sone detail, but
Il will illustrate sonme exanples of this. And, finally,
m xi ng of vadose and groundwater down bel ow, which I won't
tal k about anynore.

These are the water types that | nentioned before.
Alittle nore information on them Precipitation is dilute
cal ci um bi carbonate. Fracture flow of vadose water seens to
be a sodi um bi carbonate. W don't have a | ot of sanples on
this. Conposition is generally unknown. And then the matrix
water in the vadose zone is what |I'mgoing to spend nost of
my tinme tal king about. And above the repository level, this
is a calciumsodiumchloride type water. Below the
repository level, it's a sodium bi carbonate water

And then in the refluxing zone, as | nentioned
before, is the heated zone, we can have m xtures of all types
of water, except those that are bel ow, neani ng groundwat er
and perched water. And we can have quite a range in

conposition of this water fromdilute condensates to
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concentrated brines.

Now, this is a cation ternary of a Piper diagram
but basically we're showing the relative proportions of
cations such as cal cium magnesi um and sodi um plus
potassium The main point | want to make with this slide is
that there are two major types, we have a nunber of different
wat er types up here, but there are two mgjor types of pore
water. These are the waters that are above the repository
| evel that are enriched in cal ciumand magnesium relative to
those that are below. And then below the repository |evel,
we have the sodi um bi carbonate type water, this is J-13 for
conparison, and we have a pretty good break-down of the two
types of water above and below the repository level in terns
of cations, in terns of anions.

| forgot to nmention the ECRB are cross drift waters
in here that are essentially along the cross drift. They are
a sem -horizontal plane, but these are in the Topopah Springs
repository level, but they're slightly above the repository
level, so they also fit into this pattern of pore waters that
are above the repository and that are somewhat nore cal ci um
magnesi um enri ched than those that are bel ow the repository
| evel .

The sane type of diagram for anions, |ooking at
sul fate, chloride and bicarbonate. W seemto have a better

break-down here. The waters that are above the repository
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are nore chloride and sulfate rich. Belowis essentially
groundwat er type. W have very bicarbonate rich waters. The
ECRB waters do not plot on here for a reason that | wll get
into on the next diagram And for conparison purposes, we
have the UZ pore water of Rosenberg, Gdowski and Knauss,
which is actually from Sonenthal, falls right here about in
the m ddl e of the range of above the repository pore |evels,
and then J-13 down here falls about in the mddle of the

range, pore waters that are below the repository |evel.

Now, the reason that anion concentrations fromthe
ECRB, or cross drift waters, | didn't show any data for that
on the previous slide was we have chloride and sul fate over

here. These are the neasured bi carbonate concentrations, but
the ionic balance for these waters is very poor, extrenely
poor, and this is due to the presence of sone acids,
propionic, fulvic and acetic acids primarily. And if you
recal cul ate the data to achieve an ionic bal ance by adjusting
t he bi carbonate val ues, you get this green line. And then
essentially the difference between the green and the bl ue
line bears sonme relationship to the anount of organic acids.
And this is unlike pore water that is extracted from cores
fromdrillholes, and these are short cores that are taken in
the cross drift, the tunnel, and the question is what causes
t he presence of these organic acids. And |I'mspeculating it

m ght be a mcrobial or fungal process, and I'll get alittle
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nore into that in the concl usions.

Next we're going to | ook at sonme of the
environments. Mst of you are famliar with the soil zone.
Vadose water rock interactions and fractures involve
silicates, carbonates, and I rem nd you that we still have a
trace el ement problemas far as corrosion goes. There are
some mnor mnerals in the fractures that contain | ead and
ot her elements that are not favorable for corrosion.

Again, this optimal biotic growh zone, which forns

a large rather diffuse unbrella above the enplacenment drift
and outside of the refluxing zone, because it's a | ower
tenperature than the refluxing zone, but it requires wet and
warm conditions to pronote the maxi mal growth of bugs. It
al so involves the loss of nitrate, phosphate and possible can
enhance sul fide by sulfate reduction, and it's also a very
dynam c zone because it will mgrate with the tenperature as
the repository heats up and then cools down.

One of the nore inportant zones above the
repository is the refluxing zone. And, again, this is a
m xture of vadose waters, pore waters, infiltrating waters
from above, precipitation, whatever, whatever can get down to
that level. W can have precipitation of mnerals in the
boiling zone, dissolution of mnerals in the condensation
zone, as well as heated water-rock interactions, and al so can

have a dynam c position with tenperature, again, because the
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repository heats up and cools down fromthe thermal pulse.

In-drift processes, which Dr. Staehle will discuss
in nore detail. Most of these you're famliar with, except
t hese bottomtwo, which are turning out to be very inportant.

We can have acid volatilization if solutions, brine
solutions, or whatever, that hit hot nmetal surfaces, and if
the salts that result fromhitting hot netal surfaces dry out
and |later rewet, we could have hydrolysis of salts. And this
can result in very |low pHs, even negative pHs.

Some quick exanples of in-drift processes. W
m ght be able to formsoft stalactites froma dripping
fracture, as well as salt deposits on hot netal surfaces from
evaporation of water. But these stalactites mght break off
occasionally and contribute to the salt. And, again, if the
salts dry out and then later get rewet, you have hydrolysis
of salts, you can formvery acidic solutions.

The diagramon the right, we can have rock fall as
well. This could cave in the drip shield and essentially
forma funnel where you are funnelling were funnelling al
the seeps from above down onto the drip shield, and you could
al so have condensate return fromunder the drip shield com ng
back onto the canister.

A few nore. W can have the steel sets coll apsing
onto the canister froma rock fall, or whatever. Again, we

have avenues for condensate to return onto the top of the
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canister. And, finally, rock fall itself can create
depressions in the top of the canisters, and these m ght form
evaporation pans, again for the evaporation of water on top
of the canister and the formation of salts, and acids that
could be emanating fromthe high tenperature evaporation of
salts. And these are sonme of the processes that we envision
could happen in the drift, that I don't think have been

wi dely consi dered by the DOE

And finally conclusions. Pre-enplacenent waters
are not very evenly characterized chemcally, sone better
t han others, mainly because of the nunmber of analyses.
Vadose zone matrix pore waters are extrenely variable. They
are calciumrich above the repository level, sodiumrich
bel ow the repository level. And above the repository |evel,
you have the highest sodiumchloride | evels and the nost
variabl e nitrate.

Cross drift waters apparently have been affected by
man. And m crobiol ogical activity nore than likely is
produci ng these organic acids. The question is has man
i ntroduced the bugs to this environnent, or is the mning
environment created by the tunnel, enhancing the growth of
bugs that are already there. And | think the USGS is
probably working on this question, but it's inportant issues
t hat needs to be resol ved, because it involves acids.

Post - enpl acenent wat ers above the repository evol ve
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fromm xtures. Pre-enplacenment waters nodified by biotic
grom h zone, refluxing zone, and in-drift processes. Now,
the inportance to corrosion fromthese waters is that these
post - enpl acenent waters cannot be characterized or sanpled or
anal yzed. The question is could they be nodelled? Certainly
one could try to nodel them but they involve a nunber of
conpl ex processes, thermal gradients, m crobiol ogical
activity, and essentially non-equilibriumthernodynam cs.

That makes nodelling very difficult.

And then the corollary to this is sub-boiling,
imersion testing of EBS materials in groundwater is both
unrealistic and non-conservative. And, by that, | nean the
DCE wants to put the repository up in the vadose zone, but

nost of the testing of EBS materials, and certainly
essentially all of the published total systens perfornmance
assessnent of EBS materials is done as if the canisters are
down in the saturated zone. So, there's a serious di sconnect
here, and this is a serious error in thinking.
And that concludes ny talk if there aren't any

guesti ons.

DUQUETTE: We'Ill take the questions after both talks.

STAEHLE: |'m Roger Staehle. [1'mgoing to talk about
the corrosion part of this. W have a relatively short tineg,
and I"'mgoing to focus to very specific ideas. So, some of

the slides that are in ny pass-out, 1'll let you take a | ook
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at and read.

| want to focus attention on this figure, because
this is the central issue, or represents a diagramof the
central issue in the corrosion behavior of these containers.

And, essentially what we're | ooking at here is a surface of
the container with sone deposits on the surface. W're

| ooki ng at heat passing through it. W're |looking at a
system whi ch has oxygen in it and, therefore, it's going to
have a gradi ent and el ectrochem cal processes.

We're | ooking at the input of chemcals fromthe
nmount ai n, as Don di scussed, netabolic processes, hunman
intrusion chem cals, deposits fromdust that we di scussed
just before lunch, radiolytic processes.

The point I want to make, the single inportant
point I want to nmake with this diagramis that this surface
is a very transformative surface. So, whatever cones to it
is going to be transforned. It will be concentrated. It
will be electrolyzed. It will be heated. And, so, what ends
up on the surface here is not going to |look Iike what cane
down. And this is essentially the central problemin
predi cting performance of the waste container, and, so, the

work that I'"mgoing to talk about deals with sone of the

chem cal processes that are occurring at this surface, not
really definitively, but illustratively.
An anal ogue which is inportant, perhaps known to
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some of you, is the anal ogue of the PWR pressurized water
reactor, steam generator and this crevice where the tube
intersects the tube support. And, here is a super-heated
zone where chem cals concentrate. Several nonths ago at
Argonne, this subject had 30 of the best people in the world,
the best people in the world working on this problem and
with the well-defined environment on the secondary side of
this, we still do not understand the chem stry in this
crevice, this crevice problem this concentrating problem to
gi ve you sone idea of the difficulty in making predictions.

So, I'"'mgoing to talk then about sonme experinental
work that we've carried on in the Nevada program This is
work that's been conducted by Dr. Pulvirenti and Professor
Barkatt at the Catholic University. The approach here is to
characterize |local environments. But, as | say, what we're
| ooking at is just a very thin slice of what's going on at
t he surface, but very nice work.

We're going to | ook at the evaporated environnment,
and the residual environments. W're going to start with
solutions that were identified in a paper by Rosenberg,
Gdowski and Knauss in 2001, and take the conpositions that
they identified as a starting place. And these are
conpositions of waters that are both fromthe saturated zone
and the unsaturated zone. W're going to conpare the

concentration, the properties of concentrates and residuals
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fromthese | ocations.

These are the sets of concentrations. |It's not
worth discussing this in detail. The thing | want to point
out is that in the work, the Livernore work, the Rosenberg,
et al. work, they were interested in starting out with a
starting point, this is 1x, this just nmeans this is the way
the water conmes out. This is the saturated zone. Then they
wor ked to devel op concentrations at various |evels for both
t he unsaturated zone and the saturated zone.

We are taking these nore highly concentrated
chem stries containing these species at concentrations |ike
t hese, and then taking the chem stry still further and
concentrating them So, this is one experinent. I|'msorry
thisis alittle bit of a problemhere. But, essentially
boiling the solution, and then neasuring the instantaneous pH
of the solution that's evaporated. That's one set of
experinments.

And, to show you the result then of this set of
experinments, the experinent here is now-this is the pH of
the condensate that's com ng out of the flask. This is the
volunme fraction distilled. And, so, we're progressively
starting with, in this case, two cases, one is essentially
the direct J-13, it's nodified, and a J-13 150 tines
concentrated. This is the J-13, 150, and this is the EJ-13.

But the point here is the material in the saturated
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zone as it's concentrated does what? |t becones al kal i ne,
and that's the general pattern | think that's been observed,
certainly by the Livernore people as well, certainly a

t endency.

Now, on the contrary, if we | ook at the unsaturated
zone, this again is pH this is the volunme fraction
distilled, so we're progressively distilling nore and nore
solution. And these are different concentrations. This is a
one tinme UZ in glass. This is the 62 tinmes concentrated
gl ass, same thing in Teflon, and then a hi gher concentration
in glass.

But, the answer is the sanme, that as we take the UZ
pore water, the unsaturated zone pore water, and near the end
of the concentration, it becones very acidic. So, this is
what you woul d be | ooking at on the surface of the container
that's hot, pouring off the chem stry and | eaving sone
residuum this would be what woul d be evaporated goi ng
sonepl ace.

This is a variation on the thene. This is the pH
of the condensate versus volunme fraction. But, now sinply
taking the species in the--this is all fromthe 62 tinmes
concentrations. So, these are the concentrations of the
calciumchloride and the potassiumnitrate, magnesi um
sul fate, so on, taking themessentially one at a tinme. And

what happens here is that again in these cases, the pH
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decreases substantially in the condensate, but the greatest
pH lowering results froma magnesiumnitrate in the solution
And it seens to be that the magnesiumnitrate is playing the
bi ggest role here.

These are the anion concentrations versus vol unme
fraction, starting again froman initial 62 times
concentration. This nowis the pH of the solution, and these
are the concentrations, or the pX concentrations. So, this
is concentrations increasing in this direction, and pH going
inthis direction. So, this is for the individual species.
These are the various icons here. And, so, what's happeni ng
again is that for these, the starting solution, the pH then
is becomng acidic, and this is how the species are
concentrating in the condensate.

There's sone thoughts here about what's going on.
This is, for many of you |I'msure, a clearly transparent
idea, that we're essentially getting acidity because we have
vol atil e acidic species com ng over in the condensate.

Now, let's |ook at the beginnings of sonmebody's
bottomline here. W're |ooking now at the corrosion testing
of Alloy 22 in these condensates. So, this is the pore
water. The next to last 30 mlliliters, the final 30
milliliters. This is fromthe higher initial concentration,
over 1000x, the next to the last 30 mlliliters, final 30

mlliliters. And these are the corrosion rates neasured at
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130 Cand 90 C  W're looking at corrosion rates, this is in
m crometers per year, mcron per year. For those of us who
are engineers, you can drive this by 25, and that makes it
mlls. So, that's essentially, what, 20 mlls?

So, these are very high rates, and we're dealing
here with just the general corrosion. This is not stress
corrosion. 1'll showyou in alittle bit it |ooks an awful
ot like a lot of pitting.

Now, the next set of experinments we ran was to take

this unit here that was boiling, and transfer it to here
where we have this small capsule extractor, so we can | ook at
both the condensate at a sonewhat |ower tenperature, and we
can |l ook at a constant tenperature solution in the bottom

The corrosion rates we observed, again, if we |ook

at, for exanple, in the 62 tinmes solution initial
concentration, corrosion rates, what is this, 4 mlls a year.
If we | ook at a residual solution in the bottom let ne tel
you what the residual solution is like. It turns out when
the deposit forns, it has a variety of geonetries. And in

the interstice of these geonetries, there's actually a clear
residual solution. So, this is a solution that's at

equi librium or probably not quite equilibrium but in
contact with this deposit. And we're |ooking now at a
corrosion rate which is, what, 400 mlls a year. Al this is

| oner tenperature, considerably |ower corrosion rates for the
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1000x pore water concentrate.

Agai n, | ooking at the residual paste, sonething
enbedded in the residual solid, and | ooking at the collection
cup, again, relatively high rates certainly in this
collection cup at 77 Centigrade, and in this paste. So,
essentially what we're seeing in the way of corrosion rates,
both in the condensate and in the solid fromwhich the
concentrates cone, are pretty significant corrosion rates.

Now, we have sone pictures fromSEM This is from
the collection cup at 78 Centigrade. You can see this as
well as | can. It's a bunch of pits. The 144 Centi grade
fromthe Nunmber 21 experinment, you can | ook at the chart
there. But the point | want to nake is that the 144
Centigrade, 20 days, this is C22 in a residual solution
corroding fairly rapidly.

And then we've also |looked a little bit at Titanium
in the sane solutions, and the same geonetries, residual
solution, residual solid, and the collection cup. And in the
residual solution, this is at the bottom of the constant
tenperature system we're |ooking at about 40 mlls a year,

nore or | ess.

There's a little bit of work here on a C 22
speci men that was enbedded in the noist paste. It doesn't
| ook so easily accessed here, but clearly, significant
penetration as seen by the SEM



© 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

169

| want to, this is sort of a quick shift, but I
don't want to dwell on this very much, this is the sort of
experinments that were done by Bergin on Alloy 600, Alloy 690
and C 276. And the point here is he investigated
conbi nati ons of sodium oxide, silicon oxide, water, and a
variety of conbinations, and what he discovered was that the
regi on which produced stress corrosion cracking at, what, 300
Centi grade, give or take sonething, 315 Centigrade, was a
fairly narrow regi on

Now, the reason I"'mshowing this is to make the
poi nt that the regions in which cracking occur, stress
corrosion cracking, are generally well defined, but they're
al so generally narrow. And, so, the trick in making
predictions is to figure out what are the regi ons where
cracki ng occurs, and see how that matches with the
environments. And that's an area that needs sonme worKk.

So, in conclusion, the first point, which is I
t hi nk obvious fromthe figures, the continued evaporation of
concentrat ed unsaturated zone pore water produces significant
acidity in both the residual and condensed environnents.
Whereas, in the saturated zone, essentially the sane kind of
experiments produce al kaline environnments.

The acidity in these unsaturated zone environnents
relates in general to the higher concentrations of nagnesium

nitrates and chl ori des.
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These environnents, the residual evaporated

environnments are significant corrosive to both CG22 and Ti-7.
Corrosion rates in the general rate of about a tenth of 1
mllinmeter a year were observed, although we found as high as
10 mllimeters a year.

And then the point here that | nade before is that
the environnments that we're studying here are really a snall
smal | subset of the possible environnents that are certainly
possi bl e, even in our steam generator, which is quite
diverse. W're going to do future work to sort sone of this
out.

And, finally, this conbination of the w de range of
chem stries and the surroundings, a heated surface, this is
the figure | showed you in the beginning, the formation of
surface deposits over tinme will produce corrosive conditions
on the surfaces of the container that can't be readily
quantified nor their effects on corrosion predicted.

And, | think that essentially, the intellectual
probl em we have here is the problem of bounding, the surface
chem stry boundi ng the corrosion, and we can't even bound it
ina well defined systemlike a steamgenerator. | think we
have to ask a pretty serious question about how easily we can
bound the situation on the surfaces of these containers.

DUQUETTE: Thank you, Roger. Questions fromthe Board?
Dan?
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BULLEN: Bullen, Board. | actually have questions for
both of you. WMaybe first, Don.
| was actually interested in your optinmal biotic
growh zone at 45 C. that's kind of going to be out in the
peri phery there. |Is that also limted by both tenperature
and water and food availability? | guess I'mjust interested
inalittle bit nore information about that.
SHETTEL: Shettel. And the answer is yes, all three.
The nost inportant thing is water, noisture, and the next
inmportant is nutrients, such as nitrate and phosphate.
BULLEN: Ckay, thanks. [1'Il nove to Roger just for a
gui ck one here.
You notice that actually all of these environnments
that you find are evolved in a very high tenperature regine.
Wul d you expect to be identifying a different set of
conditions, or a |ess aggressive environment if the

tenperature of the waste package never exceeded 85 C. ?

STAEHLE: Sone of these aggressive conditions were at 77
Centi gr ade.

BULLEN: But the precursor was basically a refluxing
boiling in the Soxhlet Cup.

STAEHLE: Yes.
BULLEN: And, so, | was just curious as to whether you'd
expect to see those types of conditions if you never got to

the condition where you had reflux, not to say that there's
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not water noving at 80 degrees C., | understand that, but I
guess |'mjust wondering how aggressive are you expecting the
environment to be wi thout going to those high tenperatures?
STAEHLE: Well, Dan, as you know, | |earned the fine art
of hand waiving frommany of ny friends, and partici pated
exuberantly with all of themin waiving nmy hands on subjects.
But | think the problem of answering a question |like that,
which is certainly an inportant question, is that we really
don't understand the systemvery well. And, so, for nme to
specul ate on, well, it could be this, and it could be that,
yeah, we could do that, and soneone el se would conme up here
and, well, it could be this, and it could be that, and I
t hi nk what we need to do is to develop a nore rigorous set of
structures, intellectual structures, fundanental structures,
about how we consider how this behaves.

And what | wanted to point out with that first
slide was that what we're | ooking at on the surface of the
netal, regardl ess of what the tenperature is, and so on, is a
very transformative kind of a circunstance. Wat cones in
and what conmes out are quite different, and we know that from
the PWR experience. So, |I'd be reluctant to--I nean, maybe
we need a case up here to work on this.

BULLEN. ['ll take you up on that. But, actually, the
one | ast question that |I have, if you go to your concl usion

slide, could you just slip that back on there, that |ast one,
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the one that says concl usions?

STAEHLE: Yeah, the conclusions? Sure.

BULLEN: Yes. |I'mintrigued by the very aggressive
nature of sonme of the last things that you said.
Specifically, if you take a | ook at Nunber 3, where it says
you observed rates that are as high as 10 mllineters a year
this is one that if you picked the right environnent and you
put a waste package in, in tw years, you ought to be able to
drill a hole init. So, this is something that in a rea
termfield test, if you can do it, would show you that you've

got a problem And | guess the question is can you dream up
a scenario, or identify a scenario, where you, | don't know,

sparge water into the drift, or sonmething, so that you' ve got
enough concentration effect to do that? And would you expect

the ability to develop a realistic scenario that shows these

ki nds of things during--1 mean, in experinmental phase?
STAEHLE: Well, | think it's possible certainly. |
mean, to answer your question, yes, it's possible to devel op

t hat .

My concern, ny fundanental concern about this is
our capacity to think about how to deal with this. | nean
we're looking at arifle shot, it's al nost a one dinensional

kind of set of data, out of the multiplicity of things that
can occur, not only when you consider the issues that Don has

rai sed about what's in the water above the container, but
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also this transformative process which if you take a given
nucl ear plant and | ook at two adjacent heated crevices,
you'll find totally different chem stries. This is in a
system which you will know is a well defined outside bulk.
And in a lot of this work, we back off in that
i ndustry to taking maybe sone sinpler approaches of trying to
keep the water pure and being careful, and a few ot her
not her hood ki nds of things.
|"mvery unconfortable with specul ating at the

nmoment, except to say that by doing one set of | think fairly

intelligently chosen experinents, we have produced these
kinds of results. | think even with this of experinents, we
could afford to do even better, do nore, forgetting about the

sem -infinitude of the rest of it.

BULLEN: Last quick question. 1In your distillation and
concentration, you drove that pH down to a half or a half,
mnus 1. Any analyzing nature that you can draw upon t hat
shows those kinds of environnments that occur? | guess I'm
just trying to grasp what things would be an anal ogue that
you'd say well, here's where it happens in nature. It mght
be simlar. And |I'mhaving trouble com ng up with one.

STAEHLE: Well, | think in nature, you' d have to think
about pl aces where the sun is very bright, where you are
evaporating solutions and you could achi eve sone kind of

super-heat. But rarely in nature do you even have the kind
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of gradients. | nean, say, for exanple, the el ectrochem cal
gradients we're talking about. And, | think in this kind of
a system where you have oxygen and you have netal base,
conductive, as | say, | think the problem| see that we as a
community have is that we don't have an intell ectua
structure that we've kind of figured out how to think about
this. | nmean, as | say, | can waive ny hands and tell you
lots of things, but | wouldn't believe them anynore than you
woul d.

SHETTEL: Let ne answer that anal ogue. | think one
possi bl e anal ogue woul d be hot springs, such as Yell owstone,

anypl ace you have boiling solutions, deposition of mnerals

and salts.

BULLEN: | guess | was just wondering if the pHs have
been neasured and have they gone down to, |ike, mnus a half
and those kinds of things?

SHETTEL: They can get fairly acidic in geothermal type
situations, not necessarily as acidic as we see here.
BULLEN: Yeah. But you're also not |ooking in the

crevi ce, too.

SHETTEL: That's right.

BULLEN: Thanks, Don. Thanks, Roger. That's all
have.

DUQUETTE: Ron?

LATANI SION: You know, | think it's possible to find
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environments that would cause virtually any material to fail.

Latani sion, Board. | think it's possible to find
environments, or create environnents, that will cause
virtually any engineering material to fail. And, so, the
question that | have is whether this--what did you describe
it as? A one dinensional attenpt at this. The question, you
know, | can understand how you m ght generate these
environments in the flask and boiler that you' ve generated.
But, it's really not clear to ne that in an operating
repository environnent, these conditions will prevail and
generate environnents that will be this aggressive.

You know, how do you address that?

STAEHLE: Well, you know, in every experinental program
you have to start soneplace. And the start here was to take
a very straightforward set of solutions that we had--
actually, the Livernore people had done the |l ead work to
identify sone of the concentrations, and then to heat the
surface, and we know the surface is heated. W know what the
inside tenperature is. W can calculate heat fluxes. W can
make adjustnents for coverage. And we can reach sone idea
about reasonabl e heat fl uxes.

We're not too far off fromthat actually. | think
we're alittle bit on the high side of the heat flux. But,
you know, we're in a tenperature range and a heat flux range

which | don't think is that far fromsonething that's
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rel evant.

Do | think that things will happen exactly this
way? No. But we haven't even exam ned the set. | nean
what is the set? W haven't superinposed, for exanple,
potential gradients on this, | nmean, the things that, you
know, we all know how to do.

And as | said before, ny problem ny concern about
this, and I think this is partly the question you're raising,
is how do we think about this problenf? Because it's very
clearly a very intensely transformative thing. The
i ntroduction of heat changes the crevice story. W don't
know nmuch about the kinds of deposits we're going to get,
their chem stry, their thickness, their thermal conductivity,
and how it changes over tine.

So, what |'m concerned about is really certainly
the issue you raise about, well, is it reasonable, is this a
reasonabl e idea? Well, we've done reasonable things. W' ve
taken a solution that nade sone kind of sense. W've used
heat fluxes that nmake some reasonabl e sense, maybe a little
bit on the high side. W have | ooked at both condensates and

residual materials, and it's a, you know, it's not a bad

place to start. 1Is it perfect? Is this what's going to
happen? | can't tell you that. | can tell you, though,
sonmeone had better start doing this kind of stuff.

SHETTEL: Ron, Don Shettel. Let me add to that answer.
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And | think it is a reasonable environnent, because if you
had intermttent dripping on a canister froma fracture or
fault and salt over tinme builds up there, dries out and then
rewets, you can have hydrolysis of the salts and buil d-up of
the salt cake, and these types of things that we see in the
flask. So, | think it's really reasonabl e.

LATANI SION:  Yeah, | guess |I'd agree with that to a
point. But if you have, you know, dripping and essentially a
flash evaporation process, it just doesn't seemto nme you're
going to great a vol um nous anmobunt of acid or--

SHETTEL: Well, if the brine is concentrated to sone
extent before it drips and it's already at a sonewhat hi gher
tenperature, then the flash isn't going to be that fast
anynore. It's not like you're just dripping distilled water
and you get a flash right away.

But | think the other side of this is you have to
ask are the experinents that DOE is doing reasonable? |
mean, they're imersing sanples in groundwater, sub-boiling.

This is really a saturated environment. And | think that
we're a lot closer to the real environnent.

STAEHLE: Well, but | think in fairness, we have a
probl em of how do we think about this problen? How do we
engineer with it? And this is a conplex problem

DUQUETTE: M ke has a questi on.

CORRADINI: | guess I'mnot a chemst, so Il'mgoing to
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ask a different question. You have a steady fl ow,
infiltration of water, and you have a steady heat source.
Can you conme to a situation where you actually have enough
energy, or sone unit of tinme, to get to this steady
concentration? | can see where you do in a batch process, as
you did the experinment. |I'mnot clear with a hand
cal cul ation you can prove you can do it in a steady stead
process with the energy that you' re producing fromthe decay
of the brines. Have you done that calculation to prove that
you're in the ball park?

STAEHLE: Well, are you essentially tal king about the
super - heat probl enf

CORRADI NI :  You nentioned heat flux. | think you have a
hell of a big heat flux to get this sort of what I'll cal
evaporative process going. |I'mnot sure if you have that
hell of a big heat flux in the real situation. So, | have so
much water coming in and | have so much energy boiling away
the evaporate thing. 1'd like to see a hand cal cul ati on that
shows ne I'min the ballpark. Have you done that?

STAEHLE: Yeah, we have done that. And | think that Joe
Farmer is going to address that sonmewhat this afternoon al so.

But the question of what tenperature you end up wth,

mean, if you made a perfect insulate on the outside of this,
it would get hotter than hates. | nean, that's very hot.

CORRADI NI 1 Ri ght .
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STAEHLE: So, the question is what's the interim
coverage situation? Wlat's the interiminsulation situation?
And, so, the tenperatures you get depend an awful |ot on
what you assune about coverage on the outside. And, again,
think it's a problemof how we think about it. |It's the sane
essential question that | responded to Ron about.

CORRADINI:  Right. | guess in some sense |I'mKkind of
wi th Ron over here thinking, okay, so you' ve created a water
chem stry environment which seens quite interesting, but 1'd
want to make sure that sonmehow it fits in within the sphere
of what's possible. So, that's why I was asking from an
energy standpoint if you' d done the cal cul ation.

STAEHLE: W actually did a series of these with various
coverages, and found this is not--this kind of thing is at
t he high end of what we consider to be a rational coverage.
But, I wouldn't want to dispute--I nean, there's a | ot of
ways of making those cal culations, and | think we need a
significant serious enterprise here to work sone of that out.

DUQUETTE: We had a question fromthe--Dick first, and
t hen Dave of the Staff.

PARI ZEK:  Pari zek, Board.

A question to Don regardi ng the organic acids.

Were they inferred to be present, or have these been
measured? | think you showed us a graph that suggested there

m ght be sone organic interaction.
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SHETTEL: | believe that data is froma paper by
Peterman and Marshall, and Brian Marshall was here this
nor ni ng, perhaps he can answer it. But | believe they were
nmeasur ed.

PARI ZEK:  Okay.

SHETTEL: If not quantitatively, at |east qualitatively.

PARI ZEK: And then you gave sone pore chem stry of water
above the repository |l evel and bel ow. Excluding the
groundwat er portion bel ow, do you understand why there woul d

be differences in those waters?

SHETTEL: Yeah, the chemistry is controlled by the rock
t ypes.

PARI ZEK:  The rocks change that nuch from above to
bel ow?

SHETTEL: Yes.

PARI ZEK: And then the question, Roger, about the
guestion of dripping water from condensati on versus dri pping

wat er com ng through the rock mass above, would you be as
worried if you knew it was just condensation? You have dusty
wast e packages, you're sitting in a repository, that's
condensation that's dripping on the package versus dri pping
wat er com ng through the nmountain. Wuld it nmake any
difference in your analysis? W've been hearing a | ot about
condensation, it's not so bad, but maybe it is bad, | just

want to know whet her you've thought about it.
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STAEHLE: Well, the short answer to the problemis the
same answer |'ve given to Ron and others, Dan. You know, we
can inmagi ne water can conme down this way or cone down that
way, and probably the truth is it wll come down all these
ways. And | don't think that we have kind of worked our
brai ns through reasonabl e desi gn concepts as to how this
woul d happen, and |I'mjust unconfortable with specul ating,
not that | don't enjoy speculating, but I think in a
responsi bl e answer, | just don't feel that, you know, ny sort
of down deep feeling is that we've got a |ot of water out
there. W're heating up the roof, and water is going to
nove, and we know that. Now, what it does and how it does it
is just not clear to ne, | nmean honestly.

DUQUETTE: Dave, you had a question?

DI ODATO  Yes, a couple questions. First of all,
appreci ate your efforts to think about the aqueous
geochem stry of the near-field environment. | think it's
useful kind of thinking.

One of the things that | gathered, and 1'd |ike you
to tell me if I'"'mright or wong about it, is that there
could be sone heterogeneity in the geochem stry in the near-
field environnent. 1Is that correct with the m crobes, and
di fferent things going on, you could have sone
het erogeneities in the geochem stry?

SHETTEL: Yes, | think if you |look at those diagrans,
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you'll see there's quite a bit of heterogeneity. But the
groups separate fairly cleanly. And there is sone overlap as
wel | .

Dl ODATO One of the things that's not in your
presentation that |'ve been thinking about lately is redox
potential. |s there heterogeneity in redox potential as
wel |, you see a range of values of redox that you m ght, you
know, from oxidizi ng?

SHETTEL: Mbst of those species are not redox sensitive
other than sulfate, and in the vadose environnent where you

have a gas phase, it's oxidi zing.

Dl ODATO And the m crobes would never alter that in any
way ?

SHETTEL: M cro environnents involving m crobes could
alter that, yes.

DI ODATO.  Ckay.

STAEHLE: Well, you know, basically you have an oxygen
saturated anmbient, and once it gets out of there, then you
have to deal with the oxygen problemon the surface. But

you' re thinking about the oxidation state of the species in

t he rock.
Dl ODATO  Yeah, and the waters, and sone of the water-
rock interactions, and that sort of thing. Wich gets us to

t he second part, which is kind of a--your use of the term

pore water, do you mean water in the matrix in the vadose
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zone, water in the interstices of the matrix in the vadose
zone?

SHETTEL: Yes. Al of the data that | showis basically
fromthe USGS, and that is pore waters are squeezed fromthe
rock, just like Mark Peters tal ked about this norning.

DI ODATO This is just a plea, and that is that this
probl emis conpl ex enough w t hout adding extra term nol ogy.
We have the unsaturated zone and saturated zone. It's the
same as vadose and friatic. And the programhas really, you
know, used unsaturated zone and saturated zone. So, that's
an easy way to think of it.

Bot h unsaturated zone and saturated zone have

i gneous rocks that are fractured to various degrees. So,
there's waters that exist in the matrix in the saturated zone
and in the unsaturated zone. So, the statenents |ike vadose
water-rock interactions in fractures, | nean, it seens |ike
it's termnol ogy that confuses things unnecessarily. So, if
you'd just stick with, you know, matrix water or fracture
wat er, unsaturated zone.

SHETTEL: Well, no, | think we have to add the nodifier

t hat specifies whether it's above or bel ow the water table.

DI ODATO  Ri ght.

SHETTEL: | think we have. Vadose neans above the water
t abl e.

DI ODATO  Yeah. But you said vadose water in fractures.
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But what you really nean here is matrix water coming into
the fractures. Anyway, ny point is that this term nol ogy,
you' ve created sone confusion

SHETTEL: Well, yeah, you're right. It is very
conplicated, and that's part of the problem W're dealing
wi th sonme conplicated processes here, and they need to be
expl or ed.

DUQUETTE: Priscilla, you had a question?

NELSON:  Nel son, Board.

Roger, we've heard fromyou before a couple of
times, and | nust admt after this presentation today,
particularly | think the difference between J-13 and pore
water fromrock above the water table, I'mgetting the
feeling that there's no hope in understandi ng water evol ution
that's going to happen in this repository. So, | want you to

make me feel that "'mwong. WII you do that?

STAEHLE: About this?

NELSON: About what | just said.

STAEHLE: Well, | think, as | said, to ne, we have, as a
comunity, we have a big intellectual program | think this
is complex. | nean, |'ve spent 30 years of ny |life working
on this steam generator problem which is very conplex, where

the systemis well defined, the outer system | look at this
and | say, you know, this is nore conpl ex because there's

nore things going on. And the input chemstry is highly
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vari abl e.

And on the other hand, | think that it's a
reasonabl e idea that we could, with the talent that |I'm aware
of here, and probably talent that I'mnot aware of here, that
we coul d devel op sone intellectual structure, sonme thought
processes to say, well, look, this is essentially how we have
to think about this problem It has to do with tenperatures
unidentified, and others, and I think we can cone to a way of
devel opi ng a conceptual franmework that acknow edge this
complexity. So, | don't think that's an inpossible problem

| don't know that we can be perfectly predicting,
but I think we can deal with the conplexity in an intelligent
way. So, you know, this is just ne, | don't think anything

is inpossible.

NELSON: Nel son, Board.
Well, when the project is there, tell ne.

STAEHLE: |I'msorry. \What?

NELSON: When the project is there, tell ne.

STAEHLE: VWhen the project is there?

NELSON: Is at that place where it does understand
everyt hi ng.

STAEHLE: Well, nothing is there. But | suggested to
several people today in fact that a constructive approach to

this thing you're identifying would be to get the people

together who are interested, and begin to build a structure
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that we could work together on that would deal with this
conpl exity, and nake sone sense out of the conplexity, even
if we can't be perfectly predictive. And that's kind of the
systemwe're in. | think this is a very great challenge. |
don't think it's an unreasonable challenge. | nean, people
have seen chall enges |ike that before.

DUQUETTE: Thank you, Roger and Don.

That brings us back on time. The next presentation
this afternoon is by Lawence Livernore. It will be given by
Dr. Joe Farnmer. Dr. Farmer obtained his B.S. at Virginia
Pol ytech, his Ph.D. in chem cal engineering at Berkeley.

He's had a nunber of years of experience in a variety of
basi ¢ and applied research endeavors, including

el ectrochem cal processing, corrosion, electroplating,

el ectroform ng, optical characterization of filnms, and a
nunber of other areas. He's the recipient of a nunber of
best paper awards in his field for a variety of different
papers. And, today, he's going to give us an update on the
materials investigations at Lawence Livernore and boundi ng
the environment in contact with C 22.

FARVER First of all, I'd like to thank the Nucl ear
Wast e Techni cal Revi ew Board, DOE and BSC for the opportunity
to speak to you today on behalf of the repository. | am
personally a believer in the program and viewthis as a

privilege to be able to do this.
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|'"d also like to acknow edge a | arge nunber of
technical contributions that will be presented in this
presentation. This doesn't represent ny own work, but |I'm
presenting this to you, and it represents a |ot of hard work
by a | arge nunber of programmatic scientists and engi neers.
And a list of those contributors is found in the |last two
slides of the presentation, or the |last two pages of your
handout .

The title of this presentation is Chem cal
Envi ronment Evol ution on Alloy 22.

In today's presentation, 1'd |ike to give you our
view of what the in-drift environnent will be. And this view
is based on many years of experience, and we believe that
t hese views are plausible.

In particular, we will concentrate on three types
of brines that m ght be expected in the repository
environment, specifically in the drifts. These include
del i quescence brines, seepage brines, and cal cium chloride
brines. | wll discuss for you in sequence the testing
programrelated to each of these brine types, and believe
that we have a fairly well thought out and nethodi cal
approach for |ooking at the inpact of these types of brines
on the materials that we're constructing the waste packages,
drip shield and repository out of.

| will also then go on and tell you about sone new
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wor k that we've undertaken to better understand environment-
surface interactions. |1'msure, as many of you know, if you
go to a Pourbaix Atlas of Electrochem cal Equilibria and | ook
for Pourbaix D agranms, you see a |lot of diagrams for single
el ement materials in sinple water. So, these are the types
of Pourbai x D agrans that we're used to seeing.

Now, clearly, even such sinple information as this
is very valuable to us. But, clearly, we need better
understanding of the oxide filmstability on the surface of
t he waste package. So, in order to do this, we now have
devel oped a programmatic capability to produce Pourbai x
D agrans for nulti-conmponent alloy systenms in conplex
environments as we expect to see in the repository. | think
this represents sone cutting edge work that the program has
done in the field of corrosion science, and I will give you
sort of a Whitman sanpler of sone of the work that we've done
in this particular area.

As Roger nentioned to you, we're also going to
di scuss with you sone of our work related to heat transfer.
Dr. Gdowski has done a very nice job of assessing heat
transfer through m neral deposits on a waste package surface.

As you know, we've been concerned for sonme nonths
now over the possibility of hot spot devel opnent on the waste
package underneath these mneral deposits. W have actually

done an analysis and will share that with you that | hope
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will shed sonme |ight on this.

As nost of you know, the in-drift environment wll
evol ve froma nunber of conplicated interactions. W start
out with a nunber of naturally occurring waters in the
nmountain. These waters of course get there by a nunber of
routes. But once in the nountain, these naturally occurring
wat ers then undergo conplex interactions with radiati on heat
and m crobial growmh, and create a perturbed natural
envi ronment .

And, of course, it's this perturbed natural
envi ronment that the waste package and drip shield actually
see. Once we develop this perturbed natural environnent,
which is of course the topic of today's presentation, we have
a stage set for a nunmber of nopdes of corrosive attack of the
wast e package and drip shield. These nodes of attack include
uni form corrosion, localized corrosion. The |ocalized
corrosion, of course, could be manifested either as
stochastic type pitting processes or crevice corrosion, and
al so stress corrosion cracking. And perhaps nore
appropriately, we should view this as environnental cracking,
where it could be stress corrosion cracking or hydrogen
i nduced cracking. These nodes of failure cone together to
give us an overall waste package performance.

O course, the in-drift environment will determ ne

the longevity of both the waste package and the drip shield.
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And as we seek to understand this in-drift environnent, it's
inmportant for us to appreciate sonme of the very basic aspects
of the repository that we seek to build.

First of all, the drifts that we're going to
construct are in an unsaturated zone of highly fractured
wel ded tuff. Secondly, these drifts conprise an open system

That is to say these drifts, during the preclosure period,
are free to conmunicate gas with the outside world. So, it
is, in fact, an open system and this has sone inportant
inplications in ternms of the types of environnents that can
actually evolve inside the drift.

In order to fully characterize the drift, we've
I ong realized that of course we need to have a detailed
understanding of the tenperature of the drifts, the relative
hum dity, the chem stry of aqueous solutions that occur in
those drifts, and we have to devel op an understandi ng of how
t hese aqueous solutions plausibly interact with netal
surfaces.

And just perhaps a thought for the day. It was
occurring to nme as | was listening to the | ast presentation
there are a nunber of things in life that are possible, but
only a limted nunber that are actually plausible. For
exanple, | can tell you that | pilot the space shuttle.
That's certainly possible, but for those of you who know ne

well, that is not at all plausible. So, | think we have to
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keep this in mnd as we screen a nunber of these waste
package environments, because as Roger pointed out, they're
very, very conplicated, and a | arge nunber of them so we
have to use, frankly, some good comon sense in terns of
screeni ng these.

As we | ook at the in-drift environment, we of
course started out with a very large nenu of waters to choose
from | believe the ones that are nost relevant to the w de
predictions for the waste package and drip shield include
fracture flow types of water, pore waters, as Roger has
di scussed with you, seepage brines, brines that can evol ve
inside the repository, perhaps fromfracture flow, and
del i quescence bri nes.

The first step in actually understanding this in-
drift environnment is to use sone of the expertise that's
evol ved over the years to nmake reliable predictions of
tenperature as a function of tine. So, the waste package
tenperature is a key in understanding the evolution of the
wast e package surface environment. This curve was actually
taken fromthe SSPA docunent, and as nost of you realize,
there's a peak tenperature of around 180 degrees during the
first 100 years.

One of the first things that | would Iike to point
out to you as we | ook back at this published chart is we

realize that these tenperature predictions are quite
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conservative. This particular calculation makes sone very
interesting assunptions. For exanple, it assunmes that you
have a sinul taneous instantaneous |oading of 10 to the fourth
wast e packages into the repository to create these
tenperature profiles. Cearly, this is not the case. It
woul d require that the nmen at the repository work very, very
fast, and probably not practical.

So, we believe that the sequential |oading of the
repository will probably be sonething on the order of 30
degrees Centigrade |lower than this conservative prediction of
t enper at ur e.

Li nked up with the maxi numor the peak waste
package tenperature during the first 100 years, we have a
m nimum and relative humdity. And this is very nuch
consi stent with what nost of us believe.

We, |ike our colleagues from Nevada, tend to | ook
at the types of water at the nountain in a very simlar way.

We, of course, have precipitation, fracture water, matrix
water, and an in-drift chem stry that we are nost concerned
with, and finally perched water and groundwater. All of
these waters are essentially bicarbonate types of water, with
the exception of the matrix or pore water that Roger
di scussed wth you. And these, instead of being bicarbonate
types of water, are nore typically chloride sulfate types of

wat er .
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During the remai nder of the presentation, |'m going
to discuss with you these four corrodant environnents that
may or may not occur in the repository, and tell you about
the types of experinental activities we have in order to
address these four situations.

The in-drift chem stry we believe requires a fairly
det ai | ed understandi ng of deliquescence brines, seepage
brines, and cal ciumchloride brines that have been postul ated
to evolve fromthe evaporative concentration of pore waters
in welded tuff.

The del i quescence brines result frominteractions
of dust and water, dust deposits on the surface of the waste
package, perhaps up underneath the drip shield, and then we
have absorption of water into that deposited dust film
creating deliquescent brines. The operative slide turned a
pH of 6 to 9 as being lowto neutral pH but in ny view, |
woul d view this as near neutral pH

We believe that these salt m neral assenbl ages, or
that the salt mneral assenbl ages pertinent to real dust, are
very conplicated solutions. They are not just chloride.

They have nitrate, bicarbonate and nmany other ions that serve
as inhibitors and buffers of the system And they're also
present on the waste package in relatively small quantities.

We then have seepage brines entering the drifts.

These seepage brines can, of course, contact a hot drip
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shiel d, hot waste package, and becone evaporatively
concentrated. These seepage brines can also interact with
grout to produce relatively high pH solutions in the range of
9to 12 1/2.

These brines are al so conpl ex, but have present in
t hem buffer and inhibitor ions, which tends to nake the
solutions fairly benign. And we know that from sone of our
estimates, that these are volunetrically nore inportant than
del i quescence bri nes.

And, finally, we concern ourselves with the
postul ated boiling calciumchloride scenario, brines that we
woul d postul ate to be sonehow produced fromthe evaporative
concentration of pore water if you could take those pore
wat ers out of the pores and nove it over to the surface of
t he waste package. Frankly, we don't know of any good
mechani sm for making that occur. |In the |aboratory, we have
to use ultracentrifuges to extract this water, and | don't
t hi nk we have sources of sustained high Gin the repository.

If we do, in fact, get these cal ciumchloride
brines occurring in the repository, they're thermally
unstable. So, as our coll eagues have shown you, as you heat
t hese brines up, you can get dysproportionation of the
calcium chloride brines and form hydrogen chl oride gas. W
know now t hat when this hydrogen chloride gas is fornmed in a

real drift situation, it's distributed and diluted in the
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drift gas. Furthernore, once it's in that drift gas, it
tends to react with surfaces to undergo neutralization.

| would Iike to now discuss with you sone of the
tests and data that are being done in these specific areas.
Sonme of this you perhaps have seen before. But the next
three segnents of this presentation review work being done on
del i quescence brines, evaporatively concentrated seepage
brines, and, finally, this class of calciumchloride brines.

The objective of the deliquescence studies are,
first of all, to characterize aqueous filns that may or may
not formon the waste package surface due to deliquescence.
But, we in the programbelieve that this is a |likely
scenario. And then after we quantify and understand these

del i quescent brine filnms, we then want to understand the

nodes of corrosive attack that can occur underneath these
filns.

In regard to the test conditions that we're using,
we typically have a fixed relative humdity and tenperature,

and thus far, we've been |ooking primarily at two types of

artificially deposited salts, calciumchloride and cal ci um

nitrate. W make neasurenents in a nodified

t her mogravi metric anal yzer, a TGA, that enables us to contro

t he atnosphere and the tenperature of the sanple.
This is a picture of Dr. Gdowski's TGA at

Livernmore. It, in essence, is a quartz m crobalance with
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sanpl es contained in an environnment control chanber. W have
tenperature and RH sensors that allow us to have a precise
know edge of exactly what type of environnment the sanples are
seeing. This particular apparatus is sensitive to wei ght
changes on the order of ten mcrograns, and is capabl e of
operating up to tenperatures of 150 degrees Centigrade, which
of course are relevant to repository conditions.

I f you take this ten m crogramresol ution and
translate that into a thickness of corrosion deposit or film
it has a thickness sonething on the order of 100 to 1000
angstrons. And just to convey to you sort of the order of
magni tude of this thickness, the optical penetration depth of
light into a silver reflective surface is on the order of 100
angstronms. So, these are very, very thin layers. So, Dr.
Gdowski's instrument has a very high degree of resolution.

These are sone data fromthe quartz m crobal ance
for three different tenperature |evels, 100 degrees
Centi grade, 125 and 150 degrees Centigrade. And this
illustrates for you the process of deliqguescence on salts
deposited on the waste package surface. This deliquescence
process actually has two sequential steps. The first step in
t he del i quescence process involves the absorption of water.
So, during this absorption of water, we actually have a net
increase in the mass of the suspended netal sanple, the

sanpl e suspended fromthe quartz mcrobalance. 1In this
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particul ar case, we see a mass increase of al nost two
mlligramns.

At relatively |low tenperature of 100 to 125 degrees
Centi grade, these deliquescence filnms are relatively stable.

Not nmuch happens to them after they deposit and after they
absorb water. However, if we go to higher tenperature, 150
degree Centigrade, simlar to the tenperatures that are being
investigated by the State of Nevada, we do in fact see that
t hese cal cium chl oride deliquescence filnms undergo
dysproportionation, and we actually |ose chloride mass from
t he surface of the sanple.

This loss of chloride mass is manifested as the
production of a very small anount of hydrogen chloride gas in
the environnment, which is swept away in an open system

We use energy disburse spectroscopy to actually map
small white crystallites that typically formon these netal
substrates. And when we | ook at the stochionetry of these
white salt deposits, we are led to believe that the
conposition is basically that consistent with cal ci um
hydr oxychl ori de.

We do conparative corrosion studies. In addition
to looking at Alloy 22, we |ook at a nunber of conpanion
all oy systens, sibling alloys, if you will, alloys in the
same famly. Alloy 22, frankly, is the best of the bunch.

So, by doing these conparative studies, it at |east allows us
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to be certain that our corrosion tests are sensitive to the
types of corrosion nodes that we're trying to test.

I n essence, during these deliquescence experinments
at 150 degrees Centigrade with cal ciumchloride, we've seen
no |l ocalized corrosion of Alloy 22, but we have indeed seen
the | ocalized attack of the lesser material, Alloy 825.

These are sone quantitative data once again from
the quartz m crobal ance. And, again, we see the
characteristic absorption of water into the salt deposit,
wi th the subsequent deconposition of this deliquescence brine
at elevated tenperature of 150 degrees Centigrade. And, of
course, the characteristic profiles that we see for the Al oy
825 and Alloy 22 are simlar.

Wen we | ook at the m crographs, our photographs of
the surface, we of course see the small white deposits of
cal ci um hydroxychl ori de on the surface. However, we see no
| ocalized attack of the Alloy 22 substrates. However, when
we | ook at Alloy 825, we see a nunber of pits formng, pits,
of course, indicative of localized attack. So, in this
del i quescence brine scenario, we see no |localized corrosion
of the Alloy 22.

This slide is, in essence, a summary of the points
that |'ve made. Again, we see white precipitates formduring
t hese del i quescence experinents that are characterized as

cal ci um hydroxychl oride. W see no corrosive attack of the
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Al'loy 22, but localized attack of Alloy 825. Wen we do see
| ocalized attack of Alloy 825, that |ocalized node of attack
is normally stifled, which neans it ceases to penetrate the
surface.

|'"d now like to turn sonme of our attention to the
seepage brine scenario. As we nentioned before, fracture
wat ers and many of the other brines that we m ght expect to
find in the repository or near the drifts is of a bicarbonate
type. W' ve done many, many types of evaporative
concentrations over the years, and this is one that you have
probably seen in past tinmes. But, this would be
representative of the evaporative concentration of a typical
bi carbonate type seepage brine.

General ly, as our coll eagues fromthe State of
Nevada di scussed with you, when you evaporate these types of
brines, you generally see an increase in boiling point, in
this particular case up to levels of 112 to 114 degrees
Centigrade. You see a corresponding increase in pH The pH
will sonetinmes rise to a |level of around 12, 12 1/2. You see
t he sinultaneous increase of both the chloride and the
nitrate concentration, and this is very inportant because
chloride is an aggressive ion that actually brings about
| ocalized attack. N trate serves as an inhibitor preventing
| ocal i zed attack. So, if both of these things are increasing

together, they tend to counter-balance one another. So, this
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is a very inportant thing to be aware of as you do the
evaporative concentrations of these seepage type brines.

We for many, many years have been doing a | arge
battery of tests in the seepage brines. As nobst of you know,
we had a | arge nunber of sanples exposed in the |ong-term
corrosion test facility, and these are representative of sone
of the seepage brine scenarios that you've heard about today.

We used simlar brine solutions to do stress
corrosion cracking tests of various types, and we do
measur enents of corrosion potential, repassivation potential,
and transpassi ve potential in banks of potentiostats that you
find around the programin the various | aboratories.

In a nutshell, if we ook at realistic plausible
scenari os, scenarios where we take a bicarbonate type seepage
bri ne and do an evaporative concentration, if we use a
mul ti ple crevice assenbly and actually polarize that to a
hi gh anodic | evel, we see crevice corrosion. The very
aggressive effects of the chloride anion are offset by the
presence of buffers and inhibitors in the solution.

However, if we take an artificial situation, such
as near saturation sodiumchloride, and we do sim|lar
experiments where we polarize it anodically, we can, of
course, induce crevice corrosion. So, again, all things that
are possible are not plausible, and I think it's very

i nportant that we nmake sure that the environnents that we
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test in are both possible and plausi bl e.

And this is just a closer | ook at these sanples.
Again, in an expected environment created by the evaporative
concentration of a bicarbonate type water, we see no crevice
attack. But if we take a saturated sodium chloride solution
pol ari zed at high potential, we can of course induce crevice
attack to occur.

|"d now like to turn attention to these cal cium
chloride brines. W do not believe that this is a likely
scenari o, but even so, we're spending a lot of tinme trying to
characterize these nedia and |look at their interactions with
Alloy 22. The objective of this particular study is actually
to measure both the potential and tenperature thresholds for
the for the localized attack of Alloy 22 in these very
concentrated cal cium chl oride sol utions.

In these tests, the calciumchloride concentrations
t hat have been investigated range from 10 to 18 nolar, and at
18 nol ar, as nost of you know, a cal ciumchloride solution
starts to take on the nature of maple syrup.

We' ve al so investigated inhibitor levels, nitrate
chloride ratios of 0 and .1. The nitrate chloride ratio of
.1 of course corresponds to the chloride nitrate |evel of 10.

So, we've | ooked at solutions with and without nitrate
i nhibitor, and we've | ooked at tenperature ranges from45 to

160 degrees Centi grade.
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In order to measure the repassivation potential and
the transpassive potential, we've used ASTM standard cyclic
pol ari zation techni ques with tenperature controlled
el ectrochem cal cells and precision potentiostats. Three
generic types of sanple configurations are used, prismatic
sanpl es, standard ASTM di sk sanples, and nultiple crevice
assenblies. And we generally do a large battery of surface
anal yses after these tests are run.

The open circuit corrosion potential is determ ned
in an independent experiment. W actually nonitored the open
circuit potential of a specinmen in the appropriate solution
for a prelonged period of tinme, and record the corrosion
potential at the point in tinme where that corrosion potenti al
has achieved a stable |evel.

The repassivation potential is nmeasured by first
ranmpi ng the potential of the sanple to a very, very high
anodic value, to a |l evel where we intentionally induce break-
down of a passive filns, spontaneous depassivation of the
surface. And after we achieve that whol esal e break-down of
the passive film we then reverse the potential scan and go
in the negative direction. At the potential, during the
negative goi ng scan, where the sanpl e undergoes spont aneous
repassivation, a reformation of this protective outside film
we define that potential at that point in time as the

repassi vati on potential .



© 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

204

And when you | ook at polarization curves, that's
generally mani fested as the intersection of the hysteresis
| oop during the negative going scan with passive current
density.

Here are sone data at 105 degrees Centigrade in a 5
nmol ar cal ciumchloride solution. In this particular case, we
have data both with and without nitrate. And the inportant
thing to note about this particular polarization curve, in
addition to the fact that the passive current density is
about 1 m croanp per square centinmeter, is the fact that as
we add nitrate, it pushes the potential required for break-
down of the passive filmto progressively nore and nore
anodic levels. So, again, the presence of nitrate greatly
stabilizes the passive filmfor these materials.

Here's a simlar test, and in this particul ar case,
a disk sanmple, again, as we add nitrate to the sanple, we
have to push the sanple to nuch, much nore anodic levels in
order to achieve localized corrosion. W also have multiple
crevice assenbly data under these circunstances. But,
frankly, because of the limted tinme, we wanted to show you
one of each type of sanple.

We take the threshold potential as the difference

between the corrosion potential and the repassivation
potential. Wen this differential voltage, or the difference
between the corrosion potential and the repassivation
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potential collapses to zero, we know that there's a
possi bility of having spontaneous breakdown of the passive
film and spontaneous |ocalized corrosion.

So, in essence, we neasure this potential
difference as a function of tenperature. And, of course, the
intersection point represents a tenperature | evel where one
m ght begin to think about the possibilities of |ocalized
corrosion.

In these cal ciumchloride brines that have been
postul ated fromthe evaporated concentration of pore water,
there is evidence that the potential difference approaches
zero somewhere in the range of 140 to 160 degrees Centi grade,
and in this particular case, in the absence of nitrate.

There's a typographical error here 1'd like to
point out to you. This is reading no nitrate in the heading,
but it's actually nitrate added at a nitrate chloride ratio
of .1. Here again, we see the intersection of the difference
of voltage line at a tenperature of around 140 to 160 degrees
Centi gr ade.

As | nentioned to you before, we want to devel op a
nore detail ed understanding of the interaction of the waste
package surface environnment, or the in-drift environnent,
with the waste package surface. |In order to get a better
handl e of this, we have undertaken the prediction of Pourbaix

D agrans. So, we now have region of stability charts that
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we' ve generated for the Alloy 22 as a function both of
el ectrochem cal potential and pH

And, of course, since there are an infinite nunber
of experinments that one can perform and as Roger pointed out
to you, the environnments are extrenely conplicated, having
such predictive capability is a valuabl e thing.

There's been a | ot said about heat transfer through
m neral deposits on the waste package. |It's been said that
there's a possibility that the waste package surface
tenperature mght rise perhaps hundreds of degrees to very
high levels, and that this m ght sonmehow drive thernbgal vanic
corrosion. So, you know, we take these types of problens
very seriously, so a |lot of nodelling has been done to
address this.

It's al so been said that there is a good conpari son
bet ween the types of heat fluxes that we see on the waste
package, and the types of situations that one m ght expect in
an Al'l oy 600 steam generator.

We have done sone searching through the literature,
and we know, for exanple, our own power densities are in the
order of .3 to .4 kilowatts per square neter. |If we conpare
this with an Alloy 600 steam generator of the type that we've
di scussed earlier today, we find that those power densities
are about three orders of magnitude higher, .14 to .22

megawatts per square neter
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So, fromour perspective, the power densities are
vastly different, orders of magnitude different. So, it's
hard for us to see on the power density |evel how these two
situations are simlar. And, also, the steam generators use
Al'loy 600, and it's well known that Alloy 22 is a superior
mat eri al .

W' ve done heat transfer calculations. This slide
and the one followi ng show you the details of those
calculations. But, in essence, we have gone in and esti mated
the--1"msorry, actually, the surface waste package
tenperature as shown here is a function of deposit thickness.

So, at a deposit thickness of 1 centineter, we see a nmaxi mum
increase in the waste package surface tenperature of around 3
degrees Centigrade. However, with the thickness of 4
centineters, we see that the waste package tenperature only
goes up 13 degrees Centi grade.

So, while it's very inportant that we do these
anal yses and be aware of them this doesn't seemlike it
shows problem for us.

These are sone of the quantities that were present
in those equations, and certainly any of you who would |ike
to check these cal cul ati ons, please do so.

In summary, we believe that there are four types of
wat er that we can concentrate on in terns of the types of

wat er that m ght inpact waste package perfornmance. These
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i ncl ude del i quescence brines fromdust-water interactions,
seepage brines fromfracture flow, and these cal cium chloride
type of brines.

We believe that the deliquescence brines and
seepage brines will be expected. And since we have trouble
under st andi ng how we can get the pore water out of the rock
and over to the surface of the waste package, we actually
feel that these are unlikely, but we are continuing to
i nvestigate them

The del i quescence brines fromthe dust-water
i nteraction have very nodest pH values, and no | ocalized
corrosion of Alloy 22 has been observed in this situation at
tenperatures as high as 150 degrees Centigrade. Seepage
brines fromfracture flow produce fairly benign sol utions,
and even at the boiling point of some of these evaporatively
concentrated bicarbonate type waters, we see no evidence of
crevice attack, even when we polarize nmultiple crevice
assenblies at relatively high anodic potenti al .

We corroborate the results fromthe State of
Nevada, and indeed these calciumchloride brines are very
unstabl e, especially in open situations. You heat them up,
t hey deconpose, they form hydrogen chloride gas, and in an
open system this gas would nost |ikely be swept away and
per haps neutrali zed.

We recogni ze the inportance of this and are
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continuing to investigate. W' ve done a |ot of
el ectrochem cal testing, as you see, in these types of
environments, and are continuing to do so, to build our
confi dence and understanding of this scenario.

So, thank you very nuch

DUQUETTE: Thank you very nuch, Joe. First question is
by M ke.

CORRADI NI :  You said sonething at the very beginning, it
was on your Slide Nunber 10, where you said acid gas is
unlikely. So, you said, first of all, under the cal cium
chloride brines frompore water, that it was unlikely because
you saw no way to physically transport that sort of water,
gi ven the conposition--

FARMVER: Because, in the |aboratory, we have
ultracentrifuges to overcone the capillary and the surface
t ensi on forces.

CORRADINI: Al right. I'mwth you there. Then you
went on to the acid gas conposition, and you said the sane
thing, and then you added a certain thing that | didn't
conpletely catch. You said that in the producing of this, it

produces HCL, and it goes off--do | have this approxi mtely

right?
FARMVER: You take a calciumchloride brine, and that
calciumchloride brine, as in Geg' s experinents, can be

formed either as a deliquescence type film or it can be
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formed, as Roger and the folks at Catholic University have
done, in a beaker. Either way you can formthis type of
bri ne.

When you formit and you heat it up to a high
tenperature, 150 degrees Centigrade, you begin |osing
chloride mass fromthe solution, and this has to effects.
First of all, the chloride mass that is lost in the solution
along with water vapor, recondenses, and of course that
chl oride anion has to pick up a cation to nmaintain
el ectroneutrality. So, as is pointed out, you create an acid
gas, or hydrogen chloride, in the vapor phase.

The residual solution that's |left behind, you al so
have to maintain electroneutrality there. So, you've, of

course, renoved chloride, so that residue |eft behind, at

least in total, if you |ook at the whol e envel ope of that
resi due, would beconme alkaline. And this, | believe, is why
we observed the cal ci um hydroxychl oride |eft behind.

DUQUETTE: Dan, you have the next question.

BULLEN: Bul |l en, Board.

DUQUETTE: |'m sorry.

CORRADINI: | was going to ask hopefully an intelligent
guestion. But, can | at |east |let Ron ask sonething rel ated
to this? Because I'mstill not clear what | think you just
told me. Wsat | think you just told ne was that what we saw

in terns of the beaker distillation allows the chloride to
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reflux back into the residue, where in reality in the drift,
it would escape to sonewhere else in the space.

FARVER: | believe that's true.

CORRADINI:  Is it?

FARMER: Yes. Because if you take a typical Soxhl et
extractor, you know, it's in essence a closed system and
that's why you have a Soxhl et extractor.

CORRADINI: It's a constant vol une process?

FARMER: Yes, it's a constant volume process, and you
actually want to continuously reflux that vapor. O course,
inthe drift, that's not what we have. And, also, | mght
poi nt out that the tenperatures of these surfaces where we

m ght postul ate condensation, they' re going to be high.

mean, | don't quite understand how this condensation occurs.
LATANI SI ON:  Lat ani si on, Board.

That was precisely the point I was going to touch

on. Your argument is that the acid vapor becones airborne,

but it's swept away and does not condense on any of the

surfaces.

FARVER: That's correct. And, also, there are conpeting
surfaces.

LATANI SION:  And the reason for that is because they're
war nf?

FARVER  Yes.

LATANI SION:  But, | nean, are they sufficiently warn?
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mean, how warnf? How do you know condensati on woul d not
occur ?

FARVER: Well, | think at the present tine, as |
understand it, there's about a maxi mum 10 to 20 degrees
Centigrade tenperature differential between the hot waste
package surface and the drift walls. So, if you start
| ooki ng at these types of tenperature differentials, while
you can perhaps say, well, at sone point--

DCERI NG  Addressing this question about the
recondensati on, we've done sone tests at the Atlas facility,
and we' ve actually | ooked for recondensati on on the packages
and where would that go. And we really haven't found any
t hat woul d go back on the drip shield or the package itself.

W' ve | ooked on the liner where we had the nodelling of the
drift, and we have found maybe some slight there, but nothing
on the packages. They were heated. They were nodelled
exactly like that. So, we do have sone tests that
corroborate that.

LATANI SION: | guess the corollary then would be why is
it not possible to inmagine HCL vapor, whether it's in the
condensed phase or not, as being corrosive? W know that hot
hal ogenat ed gases are corrosive.

FARVER: That's true. And certainly | don't want to
give you the inpression that we're being flippant about this.

We are, in fact, involved in a very large, detailed program
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| ooking at the viability of producing these types of
envi ronments, and then once they' re fornmed, |ooking at how
they interact with the waste package surfaces.

But, you know, from our perspective, instead of
t aki ng, you know, a large volunme of this sort of synthetic
pore water that, you know, you' d probably never be able to
collect a volune like that, and then evaporatively
concentrating that or turning it into cal ciumchloride and
t hen deconposing that to make the acid gas, | think perhaps a
nore realistic experinment would be to | ook at simlar
tenperature ranges, but actually use rock.

And if you do this with actually porous rock and
| ook at the, you know, if there's some nechanismfor the
water getting out of the rock, it will, and if there isn't,
it wn't. So, that would be ny view of a realistic
experi nment.

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

First, ny conplinents on presenting a great deal of
information in a very short tinme. | think | finally found
sonmeone that if | could have recorded this presentation, ny
students woul d agree can speak nore quickly than I. So, you
gave us a great deal of information.

Could we go to Figure 7 first?

FARMER:  Sure.
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BULLEN: And I also want to conplinent you on show ng
Figure 7. The reason | want to conplinment you is for not
showi ng ne pre-enpl acenent period where the relative humdity
is going up. | like that chopped off. | knowit's an
artifact in the nodel, but | always hated it when you showed
me stuff that wasn't real. W know in the drift, it's not
high relative humdity. GCkay?

Moving on to 8, that would be great. ['mvery
intrigued with your break-down here of expected, expected and
unlikely and unlikely. And when you have unlikely and you're
trying to do a TSPA, that's sonething that you, you know,
assign a low probability to. So, you still have to deal with
it in the types of calculations that you re going to deal
Wit h.

If you take, for exanple, and we nove on to the
last figure that | want to tal k about, which is Nunber 28, is
there a possibility that if you didn't go to 140 degrees C.
on the waste package tenperature ever, that you' re unlikely
went to very, very unlikely, or maybe even inpossible, and so
that you could get to the point where |I don't have to deal
with it at all under 180 degrees C ?

FARVER | see where you're headed. | know how Colin
Powel | feels now going to the United Nations. Cearly, the
first thing I want to point out about these--let nme also, |

woul d I'i ke, frankly, to acknow edge and thank, you know,
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col | eagues fromthe State of Nevada. You know, we of course
have fun with each other, but, frankly, | think they have
done a great service to the program by pointing out these
environments, and we're investigating themand we're gaining
a great deal of insight based on some of the hard work that
t hey have done.

That being said, you know, clearly this is
enbryoni c work, and | say that because you | ook at the
relatively few data points that we have on this curve.
Clearly, we're noving in the right direction, but the job
isn't finished.

In particular, if you |look at where the data points
are distributed, you see that there's a great deal of
uncertainty between 100 and 140 degrees Centi grade because
those environnments are very difficult to fornulate, and
though this is an internmedi ate tenperature range, these are
kind of difficult to run. But, we are in fact getting data
points in this region right now

So, our plan at the present tine is actually to
popul ate these charts, and this is Dr. Rebak's data, and he's
a master at this, but we're trying to populate this chart
with nore and nore data points so we can build up confidence.

| would say then at the point when you know very precisely
where this intercept point is in this worst case condition

that | think anybody can imgi ne, you then know that if |
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operate bel ow that, under any condition, |'mnever going to
have | ocalized attack. That would be a very powerful thing
to say.

But, frankly, the reason that we don't I|ike
operating the repository at a higher tenperature right nowis
it's unclear to us how you create these solutions. Because,
you know, as | said before, in the | aboratory, we have to use
ultracentrifuges to extract the solution, and it isn't clear
to us in the repository how this occurs.

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

After you' ve identified all the data and you' ve
shown the thresholds, would it be unfair for me to say that
if you operate it at |ower tenperature, you would have a
hi gher margin of safety?

NELSON: Nel son, Board.

| have a question. 1Is it not possible, or does
your analysis include the possibility that during heat-up,
you're noving a |l ot of pore water around the nountain, and
not all of it is going to find it's way to the pillars.

There's going to be an uneven deposit of the top of the boil-

out .

FARMER  That's correct.

NELSON: You're going to have places where there is pore
wat er that has not drained. Wiy is it so difficult to

i magi ne reentry of that kind of water into the tunnels?
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FARVER: It isn't difficult to imagine. | guess ny view
is that in the vicinity and close proximty to these waste
packages, it's hard to see. You know, in these hot
envi ronments where you would worry about this cal cium
chl oride, you know, up at 180 degrees, 160 degrees, it's hard
for me to understand exactly how you get this |iquid aqueous
phase fromthe pores over to a hot waste package surface,
create this concentration process, you know, boil off the
HCL. That's a conceptual block I have.

NELSON: Well, | can imagine it.

FARVER. Ckay. Well, we are working onit. W're going
to work very hard on it.

NELSON: Please. It would be really good. W need to
hear about the evol ution of thinking about this.

FARMVER: You bet. And thank you very mnuch

DUQUETTE: Thure?

CERLING  Cerling, Board.

' mjust wondering what is the nechani sm by which
the nitrate seens to neutralize the corrosion problenf

FARVER: You nean mtigate it?

CERLING O mtigate it, yes.

FARVER. | think it's basically one of conpetitive
absorptions. You know, the chloride, there are many
theories, let me preface it by saying there are many theories

having to do with |ocalized attack of oxide filns, and Ron
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and Joe Payer and others are, frankly, much nore experienced
and expert in this than | am so I'mclearly preaching to the
choir. But one theory is, of course, that the halide anion
forns a halide nucleus on the surface of the passive film
and it has relatively high solubility, and that interactions
of the nitrate with those halide nuclei can actually inhibit
their dissolution and can actually tend to inhibit their
formation. So, that's one concept. But, you know, frankly,
how proven that nechanismis, | couldn't tell you
Actual ly, Raul, could you conment on that?

REBAK: This is Raul Rebak. Yes, there is not an
expl anation for that, and | don't think anybody knows for
sure. Another very logic nmechanism | would say that nitrate
reduces to nitrogen, and to | ower bal ances, and in that
process, absorbs a |lot of protons to formwater, so that it

reduces acidification in places in which |ocalized corrosion

occurs.
ABKOW TZ:  Abkow tz, Board.
Let me preface ny question by telling you that this
is not ny field of study, so |I'mspeaking for all the fol ks
out there that don't have a clue what sone of these charts

really say.
Having said that, it's clear that a great deal of
wor k has gone into this problem and you speak with a great

deal of conpetence as to where the programis at this tine.
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So, to use your nonenclature, | was curious whether you feel
that it's plausible that we don't have a corrosion problemto
worry about ?

FARVER Is it plausible? | think that--1've |earned
from Roger Staehle that it's possible, but | cannot yet tel
you it's not as plausible.

ABKOW TZ: Well, then what's required to do that, and
how i mportant is that to influence the TSPA process?

FARVER Well, frankly, | think the thing that we have
to do in order to--we have to increase our confidence. You
know, there have been many, many fronts. This is like
fighting a war, you know, getting this PA pulled together,
and there are many battle fronts. So, frankly, the resources
of the program are depl oyed on these different battle fronts,
and if there's a problemover here, nore resources go.

So, | think that Dr. Chu and the programoffice are
now instituting a science program and frankly | think the
science programw Il do a great deal for the project in terns
of buil ding confidence.

For exanple, you know, we have a very strict
schedul e and budget tinelines that we're neeting. So, we
create the data to the extent that we possibly can to fill in
this void. But, clearly, there was a question about the
nitrate chloride mechanism Well, we can guess what it is,

we can postulate what it is, but there's still a gap of
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scientific understanding there.

So, | would say that we could tell you with a great
deal of confidence that no, corrosion is not going to be a
probl em under this set of specific conditions, with sone
additional work. But, frankly, even as | stand here today, |
beli eve we have a very robust repository program and, you
know, | think it's very inportant to the country, and | think
it's been well executed. But that doesn't nean that the job
is conpletely finished.

ABKOWN TZ: If | could follow up? 1've heard this
reference to the Science and Technol ogy Program extensively
today. It gives one the inpression that this is a $10, $20,
$50 mllion a year programw th sustai ned funding. MW
understanding is you may have $2 mllion available this year,
and that would coincide with essentially the tinme frame for
whi ch i ssues need to be evaluated relative to getting into
TSPA. |Is that correct?

FARVER. | don't know the budget nunbers. | would have
to defer that to soneone el se.

DUQUETTE: Normally, we don't have speakers speaking to
each other, but the previous speaker and this one seemto be
so dianetrically opposed, | don't know if either Roger or
Donald would like to make a short comment or ask a question.

SHETTEL: Don Shettel for the State of Nevada.

| fail to understand the inportance of why you're
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concentrating on environnments that you even yourself consider
unl i kely, such as calciumchloride. That's not an
environnment that the State considered inportant. | nean,
Catholic only | ooked at a few binary solutions in passing.
Most of our work is on pore water, which is certainly based
on a natural conposition.

FARVER  Yeah, Don, we | ooked at these cal ciumchloride
sol utions because when we | ooked at the range of
possibilities, we realized that the boiling cal ciumchloride

scenario was a worst case. So, you know, we wanted to bound
t he worst case.

SHETTEL: Well, you may think it's a worst case, but we
don't think it's a worst case. W think the worst case
i nvol ves magnesium And you're not working on that one yet.

FARVER Well, | perhaps overstated. | would say that,
you know, |ooking at this class of salts, you know, nmagnesium
chloride and calciumchloride, | should have been nore
general when | said that, |ooking at these boiling near
saturation brine solution, we view those as worst case
scenarios, without inhibitor, wthout buffer. So, we wanted
to go in and characterize the material performance in the
wor st case scenarios. And we have an experinental matrix set
up to do that, and as you can see, it's being executed and
data i s being accunul at ed.

DUQUETTE: We want to get back on schedule. | think I'm
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going to cut the discussion here. If it's quick.

SHETTEL: The other involves nitrate as an inhibitor.

We think that only applies at a certain range. | nean, if
you put these sanples in nitric acid, | don't think you could
say that nitric acid would be an inhibitor. So, | think

there's a range of concentration of nitrate where protection
of the alloy occurs, and that you can't just in general say
that nitrate is an inhibitor of corrosion under al
condi ti ons.

FARVER: Well, that's true. And as | said, you know,
it's generally believed that there's a conpetitive absorption
mechani sm But, you know, that would assune perhaps nore
normal water conpositions than nitric acid.

SHETTEL: And we're getting failure at 70 degrees. So,
the high tenmperature part of your experinment is not necessary
to i nduce corrosion.

FARVER: Well, as | said before, you know, | think we
have to exam ne the conditions where you're getting failure.

| nmean, for exanple, all of us realize that in a
nmet al | ographi c | aboratory, we can use boiling apparegia to
di gest these, so we can do elenental analysis by atomc
absorption. So, it's been known for, you know, quite a |ong
time that you can use boiling apparegia, which is basically
what you fol ks are using, to dissolve these materials.

That's not new knowl edge. But the plausibility is another
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case.

DUQUETTE: | think that's enough for now. You two can
discuss it in private. Thank you very nuch, both of you. |
may be sorry | opened that Pandora's Box.

The next talk this afternoon will be on waste
package manufacturing and closure. For those of you who have
the itinerary for this afternoon, there's going to be a
slight difference in the speaker. The presentation will be
by Jerry Cogar.

Jerry had been Superintendent of Fabrication
Operations for Babcock and Wl cox. He then becane supervisor
for Manufacturing Engineering in the Waste Package
Devel opnent Departnment of OCRW He currently is working on
EBS conponents, and has joined BSC and i s Manager of
Mat erial s and Fabrication Technol ogy. A nmenber of AWS, ASME,
and Fabricators and Manufacturers Association International.

Jerry.

COGAR: Good afternoon. Jack Coud in the nmanager of
Anal yses and Conponent Design, which is responsible for both
the fabrication and the design of the waste package. He was
unable to be here. He has jury duty. So, |I'mgoing to give
his presentation to you.

Certainly, the subject of manufacturing and cl osure
of the waste package is a very nmeaty subject and a thorough

di scussion would take a |l ot |longer than the 15 m nutes
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allotted here. So, what | intend to do is give you an
overview of the recent devel opnents and then kind of a bird's
eye view of what our strategy is.

The waste package prototype we believe will play an
inmportant and critical role. Experience has shown that on
former DOE projects, that early manufacture of the prototypes
IS necessary to ensure tinely decisions relative to the
desi gn, procurenent and fabrication.

W want to use the prototype as a nethod to

determne reliable qualified suppliers that will be out
t here.

The prototype will be constructed to the exact
requires of the actual production nmodel. It will support

deci sions such as material availability, the capacity and
capability of material suppliers and fabricators, market
decisions, quality control, costs, and to buy Anerican
i ssues, and the distances that the waste packages wi |l have
to travel when they' re shipped fromthe fabricator to the
Yucca Muntain project.

The denonstration of the fabrication process.
Experi ence has shown that the actual fabrication wll
identify issues that will require resolution. Design changes
are likely. Fabricating prototypes gives us tine to react,
re-anal yze, and to redesign if necessary.

Qur goal is to ensure that the waste packages can
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be manufactured in the nost efficient, cost effective, and
quality-like manner. W are interested in ensuring that the
wast e packages can be fabricated in normal fabrication shops
usi ng conventional manufacturing methods and techni ques and
machi nery.
Wast e package prototyping is an integral part of

t he design process. It's inportant and is fundanental and
it's a tenant of our philosophy and strategy. So, |ooking at

the first prototype, we intend for that to coincide with the

LA subm ttal

There's significant value and benefit in having a
manuf act ured waste package at the tinme of LA submttal. It
shows material evidence of our work and our progress. It
will provide confirmation of design and fabricability, and

will help establish credibility in what we are doing. But,
we don't want to tie the delivery of the first waste package
directly to the LA submttal. It is a first of a kind, first
article. There's material availability issues, potenti al
quality issues with the fabricator. There usually is with a
first of a kind product. And the logistics. The fabricator
is likely to be several thousand mles away from Las Vegas.
There will be 15 prototypes in the schedule, and
t he schedul e, as you just saw, will be on the foll ow ng page.
What are we going to use the prototypes for? W want to use

themto verify the closure weld processes, such as the
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wel di ng system the NDE, stress mtigation, inerting, |eak
detection systens, vision systens and the robotics.

Future destructive and non-destructive testing is
anot her use for them and those will be determ ned on a need
basis. Those could include ring core nethod tests, ASME
proof tests, drop tests, netallography, and so forth. It
will be used in a training facility to prove out the weld
cell closure processes, and proof test the nechani cal
handl i ng systens.

It will used to train operators and for the ORR
The schedul es provides flexibility. There's one of each of
t he waste package designs and the possibility of duplicates
of whi chever one we choose, or that the project future needs
di ctate.

If we find that we need nore practice pieces, it
has the flexibility to manufacture quarter scale, half scale,
or even the top part of the waste package at virtually the
sane cost.

So, what are we going to manufacture the waste
packages to? W're going to manufacture themto the ASME
Code. For the past nine nonths, we have used ASME Code
experts. These experts are Roger Reedy and Ri ck Swayne.
They' re recogni zed i ndustry experts.

The NRC and the YMRP, the Yucca Muntain Review

Pl an, provide guidance to the review and acceptance of the
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Safety Analysis Report stating that they will confirmthat

t he waste packages are designed and fabricated in accordance
wi th ASME Code Section |11, Subsection NB or NC, and as found
in many sections of the YMRP

So, the inner vessel, what's the inner vessel going
to be fabricated by? It's an ASME pressure vessel that wll
be designed and fabricated in accordance with the rul es of
Section 11, Dvision 1, Subsection NC, Class 2, and it wll
be code stanped.

The corrosion barrier or the outer cylinder is not
a pressure vessel. However, because of the inportance to the
| ong-term performance, and in order to ensure quality,
integrity, and to enhance the credibility of the corrosion
barrier, it will be fabricated in accordance with the ASVE
rul es, Subsection NC, Class 2 by the sanme fabricator, and in
t he sane shop. This is all discussed in an ASME Code
position paper, and it is not a code stanped vessel.

The internals. The purpose of the basket is to
ensure proper geonetry of the fuel and to preclude
criticality events, to maxim ze the amount of fuel in any
gi ven waste package. It will be designed and fabricated to
t he appropriate codes and standards, but it's not a code
conponent and it will not be code stanped.

| nmentioned the ASME Code position paper. The

paper is currently in final edit, and it's expected to be
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finalized in the next 30 days. The position paper wl|
articular the ASME Code position, applicable strategy, and a
basis for all waste package conponents. It will describe the
rational e for selecting Subsection NC over NB, and it wll
describe which NCrules will apply to the outer corrosion
barrier and which will not. And it will have other
significant ASME Code i ssues.

This slide showmn the tentative schedule for the
prototype. There's 15 over six years.

So, what's the status of the first procurenment? W
are in the process of putting together finishing touches on
the schedule for the first prototype procurenent, and we
expect that to be done in the next couple of days.

The fabrication specifications and draw ngs are
nearing conpletion, and the final version will be out in the
next two weeks. The ASME design specification is conplete.
Pre-qualification document is conplete and is schedul ed for
rel ease the first week of February. The responses to the
pre-qual. are due back at the end of February.

The RFP, request for proposal, is schedul ed for
rel ease in March. The schedule for procurenent of the first
prototype, it's still under devel opment, as nentioned, but
the tabl e bel ow, as you can see on the slide, has the
approxi mate schedule, and we're not going to deviate from

t hat very nuch
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The sketch here shows a typical waste package, for
t hose who have not seen one. They cone in various sizes,
depending on the fuel type. But to give you a sense of the
scal e of the waste package, the length ranges from 12 to 20
feet. They're approximately 4 to 7 feet in dianmeter. And
the enmpty wei ght ranges from 40, 000 pounds to 75,000 pounds.

As you can see, we have the outer corrosion barrier
here. 1t's Alloy 22, high nickel alloy, the stainless steel
i nner, the basket, the stainless steel lid with the spread
rings, the mddle lid, and the outer lid.

We recogni ze that there are various wel ding
processes that we could use to close the waste package, and
certainly there's a |ot of discussion on that.

We have anal yzed the wel di ng processes that we want
to use to close the waste package. W' ve done that tw ce.
There's two reports out on that, and the waste package
closure weld reports. Those reports were done several years
ago, so we've decided to reexam ne the issue. In the past
year, we've hired Dr. Carl Lundin fromthe University of
Tennessee. He's recognized as a world expert in welding.

Dr. Lundin confirmed that the original selection of
Cold Wre-Gas Tungsten Arc Wl ding was the proper vehicle to
cl ose the waste package at this tine, and that is docunented
in a paper by Dr. Lundin.

We just conpleted a six-nonth, or are conpleting a
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si x-nmont h val ue engi neering study that resulted in design
nodi fications. This study was conm ssioned | ast year to do
the study on the waste package closure design. The study is
in the final comment incorporation, and expected to be
conpleted within the next couple of weeks. The study results
in the waste package cl osure design nodifications shown on
the followng slide. And we can get to that in a mnute, and
| will discuss sone of the benefits of that.

This is the site recommendati on design on this
side, and the proposed design on this side. Starting from
the inside out, you will notice that the site reconendation
design had a four inch deep narrow groove weld. The new
design has a spread ring design that has a seal weld there,
there, and at the end, a much sinpler design.

The mddle Iid had a full penetration weld in this.

It has now a weld that has a 10 mllineter throat. The
outer lid, which was at one tinme a nmassive |lid due to the
i nducti on annealing that we were going to do on it, is now a
flat lid with a much sinpler design there. The weld grove

essentially stays the sane.

The benefits of this design nodification are
several. The time in the weld cell was decreased over 50 per
cent. It actually went from about 99 hours to 43 hours per
wast e package. W elimnated the thermal stress mtigation

and dependi ng on the outcone of devel opnment progranms that are
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ongoing at the present tine, we will use either |aser peening
or low plasticity burnishing, which is now called controlled
plasticity burnishing. It certainly is |less conplicated from
a fabrication and cl osure standpoint.

We have reduced the risk for the |icensing,
operations, performance uncertainties. As an exanple of
that, the effects of the thermal stress mtigation have been
elimnated. There was always a question of will it cause
nore harm than good, so we just sinply elimnated it.

There was a cost savings of approximtely $1
billion. Actually, it was around $940 nmillion. And this, as
| understand, recomended by the Project Operations Review
Boar d.

The wel d process equi pnment contracting strategy
recogni zed the need to build weld systens. And when | say
wel d systens, it's a whole weld cell. It's a welding system
the stress mtigation system the NDE system conposed of UT
and Eddy current, the inerting systens, the vision systens,
the | eak detection systens, the robotics, and the integrated
control system which can be very conplex when you have a
nunber of operations.

When we got the scope and we determ ned that
speci al i zed experience and expertise was required to design
and devel op these integrated systens, we contracted with

| NEEL, who has devel oped t hese kinds of systens for hot
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cells, and we asked themto design and devel op and build the
first cell, and the process equi pnment that goes along with it
as a prototype. They have both the experience and expertise
to do this work.

However, for various reasons, we recognize the need
for a comercial contractor to be part of the long-term
strategy as well. |INEEL, because of their national |ab
status, can build the first prototype, but they cannot
conpete with comercial firns for future prototypes and the
actual production nodels. W want a commercial input to the
desi gn and the devel opnment of what is doable and cost
effective in the private sector. The integration of the
commercial contract and the scope of the work is indicated on
t he schedule on the last slide.

We al so realized that BSC needed specific
expertise. To do this, we hired a chief welding engineer
from Nooter Corporation. He's been on board with us now for
about six nmonths. We're also in the process of hiring an
integrated controls specialist fromone of the premer
conpanies in the U S., and we hope to have himon board
shortly.

The commercial contractor. The conmerci al
contractor will be competitively bid, and he wll work
directly with INEEL during the building and the construction

of the first weld cell. It is planned for the commerci al
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contractor to build the second generation of prototypes and
beyond with I NEEL serving as a consultant to the commerci al
contractor. The schedule on the last slide graphically shows
the contracting strategy and the integration between | NEEL
and the commercial contractor.

Again, we firmy believe that the devel opnent of
prototypes are an integral part of the design process. W
expect the design and the devel opnment of the weld cel
process and equi pnent to be an iterative process. W intend
to have, or at |least tentatively have scheduled for five
pr ot ot ype systens.

What's the uses of the prototypes of the weld cell?

Well, the five prototypes will be installed in the training
facility and used to establish proof of concept and
operations, performclosure operations on the waste package
prot ot ypes, provide operator training, be used to establish
procedures and process for the ORR and the operations, and
potentially could be used to performthe CRR W could
potentially use these in the actual fabrication facilities as
well, and at closure facilities as well.

The wel d cell equi pnrent devel opnent schedul e, as
menti oned previously, the slide will indicate the contracting
strategy, the division of responsibility, the durations of
the activities associated with the design, devel opnent and

construction of the weld cell process and equi pnent.
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And as you can see, this slide details what we
intend to do. It has the design and devel op by | NEEL, then
the building of the first prototype, which integrates with
the comercial contractor. Then the design of the prototypes
with the comercial contractor, and the consulting contract,
and then the actual ones farther out.

And that concludes the presentation. Are there any
guestions?

DUQUETTE: Duquette, Board. Wuld you go to Slide
Nunmber 9, please? This is the change in the design fromthe
site recommendati on design. | understand why you' ve done

some of the things you have. But, one of theml| don't quite

understand is what 1'Il call a support ring, which is the
outer ring that will be in the trunions, and so on and so
forth. You' ve gone froma solid piece on the left-hand side

to a wel ded piece on the right-hand side, at |east right
there. Now, that reduces sone of the robustness of the
design and introduces two nore wel di ng operations that you
didn't have before.

Can you give me--1 presunme it's going to be put on
either as a split ring or else as a sleeve that will slide
over the main cylinder, and then be welded top and bottom
Can you tell nme what the rationale was for going away from
the solid design on the left to the conponent design on the

right?
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COGAR: Certainly. Wen you |ook at this design here,
this original design had a weld here that held the top of it
on, and it also had a fillet weld at the bottom |If we nove
over to this, what's actually happened is this has all slid
down, and you have your weld here, and then we have a weld up
here that holds the top of it. So, we have the same two
wel ds. The weld of the trunion ring to the cylinder has not
changed significantly. The difference is that this weld that
originally held it, held this part, was a fillet weld here,
and nowit's |like a groove weld over there. And the weld
that held the trunion here originally is not shown. This is
actually the outer cylinder, and there was a fillet weld
her e.

DUQUETTE: You' ve also shown only a fillet weld for the
mddle Iid on the right-hand side, versus a full penetration
weld. That will reduce at |east sone of the structural
capability of that unit, | presune, to carry any kind of
| oad. And what was the rationale for that, just making it
easier to do?

COGAR: Yes. Wll, the mddle |id does not have any
structural benefit to the package. The mddle Iid was there
sinmply because at one tine, we could not get a conpressive
depth greater than about 3 mllineters. So, we were not sure
that we could get that. So, in order to have a conpressive

depth of this 6 mllineters, approximately 6 mllinmeters that
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we need, we had to do a mitigation on this lid and this lid
to achieve that. Now, the data shows that we can get up to
about 8 mllineters of conpressive stress on the top lid
alone. So, we sinply don't need the conpressive stress on
the second lid. It becones |ess inportant.

DUQUETTE: Do you need the mddle lid at all?

COGAR: That's a PA question that | wouldn't want to
addr ess.

DUQUETTE: Dan?

BULLEN:. Bul |l en, Board.

Coul d you actually go to Figure 3 real quick? This

is just a quick question. You have an ASME code position
paper going in. Do you expect it to be developed to a full-

bl own code case sonetinme post LA, or are you not going to go

that far?
COGAR: My understanding is that we don't need the code
case. Wat we are using is just basically the ASME,

Subsection NC, and we don't need a code case.

BULLEN: | would agree. | was just wondering if you
were going to carry it on

COGAR:  No, we're not.

BULLEN: It would be an extra expense. Could you go to
Figure 10, please? You' ve got sone great benefits in
reducing weld tine and elimnated a little bit of stress

mtigation. Have you thought about going to a single pass
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option, like maybe an E-beamor a friction stir weld, and cut
that tinme down even nore?

COGAR: That's a question that gets asked quite
frequently, and it's a good question. There are a |ot of
faster processes. The problemthat you run into when you try
to design a weld systemis you have to think of the whole
system And the problem we have is we have a renote hot cel
heated vessel that you're fitting a lid into. Getting fit-
ups in the area of 1 to 2 mlls in that situation is very
difficult. And traditionally, wth EB welding, with | aser
wel di ng, you need that kind of close tolerance fit-up, and we
just can't seemto guarantee it.

Now, are there ways to do that? Certainly, there
are. We could heat the lid and expand it out. But now you
make the weld so much nore conplicated. So, if you | ook at
all those things and you | ook at what happens in catastrophic
failures, what happens if the EB blows a hole in it, well,
maybe you can repair it and nmaybe you can't. Wth cold wre,
it's a very safe process. Yes, it's slower, but it's a very
safe process, very clean process. And if you do have a

failure of sonme kind, it's also very adaptable to repair that

failure.
BULLEN: Bullen, Board. Just one other comrent.
| agree that it's a little risky to go with a one
pass and the fit-up is a challenge. | would just suggest
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that in light of what Dr. Chu has said with respect to
learning fromthe international comunity, the Swedes are
doing a great job of telling you that you probably shoul dn't
do E-beam and they've gone on to friction stir. So, maybe
in three or four years, you mght want to take a | ook at
their friction stir capabilities, because that m ght be
sonething that would be a little bit nore anenabl e.

COGAR:  Yeah, friction stir is another problem The
friction stir doesn't work on Alloy 22 at the present tine
because they can't find a shaft that's hard enough to do it.

So, we understand that technology is going to evolve, and we
understand that within 10 to 15 years, they're going to
replace all the weld systens in the waste handling buil ding
anyway, because they wear out if you weld 500 packages a
year. So, at that time, the technology in the comrercia
sector should catch up with us and with what we need, and
then you have to | ook again and say what do you want to do
now. And probably it's going to be one of those exotic

systenms, or what's now exotic systens.

BULLEN: Thank you, Jerry.
DUQUETTE: Any ot her questions fromthe Board? Fromthe
Staf f?
(No response.)
DUQUETTE: If not, let's take a short ten m nute break,
and it will put us back on schedule. W'I||l see you all back
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here in ten m nutes.

(Whereupon, a brief recess was taken.)

DUQUETTE: If you don't take your seats pretty soon, |'m
going to keep the session until 7 o'clock.

Thank you very much. Qur next speaker is Dr.
Graham Fogg. Dr. Fogg obtained his B.S. in hydrol ogy from
the University of New Hanpshire, an MS. in hydrol ogy and
wat er resource fromthe University of Arizona--that's quite a
switch from New Hanpshire to Arizona, as a matter of fact,
especially this year with the weather we've had--and a Ph. D
in geology fromthe University of Texas at Austin, where he
al so worked in the Bureau of Econom c Ceol ogy.

He has over 25 years of experience in researching
and teachi ng about flow and transport processes, nodelling of
het er ogeneous subsurface systens and groundwater anal ysis
pursuant to problens such as groundwat er contam nation
groundwat er resource sustainability, high-Ievel nuclear waste
i sol ation, coal mning, and petrol eumreservoir
characterization and recovery.

This afternoon, he's going to speak to us about the
i nfluence of paleosols on fluid flow and solute transport.

FOGG  Thank you, David. Thank you for having ne here.
|'"mgrateful to the Board and to DOE for inviting ne. |
haven't thought nuch about high-1level nuclear waste isolation

for at least 15 to 18 years, since | was working in Texas on
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DCE projects dealing with salt.

But, since that tinme, they're doing a ot of work
on alluvial fans, and | was invited here to give sone
perspective on recent work that we've done on alluvi al
stratigraphy or alluvial conplexity, and | al so understand
there is sonme interest or concern here about possible
occurrence and influence of paleosols on fluid and transport,
and we' ve done sonme work on that, and I'mgoing to tal k about
it.

"1l hit the high points of a nunmber of projects,
and 1'lIl show exanpl es of heterogeneity of alluvial
envi ronments, how we characterize it, and the consequence of
this heterogeneity, which in sone cases are a little
surprising, and some cases are the way we thought it would
be.

It's a body of work that's supported by a nunber of
di fferent agencies who are |isted here over about a twelve
year period. Mst of the work I'"'mgoing to showis the work
of students, in particular, Gary Wi ssmann, on pal eosol s,
which will come near the second half of the talk, also Steve
Carl e on geostatistical nodelling of systens, who is now at
Lawr ence Livernore, and Eric LaBolle on nodelling of
transport. Those are the main contributors to this work.

And the fans that I'mgoing to talk about are al

in California in this case, and there's one in the Livernore
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Val l ey | ocated here in the coast ranges, and we'll take a

| ook at another one further south in the San Waukeen Vall ey,
the Central Valley of California, a coarse grained alluvial
fan in the Kings River Fan System This is the one that has
t he pal eosol s.

And when we | ook at these systens--also, I'll show
you sone data fromthe Salinas Valley that kind of poses the
problem \Wen we take borehole data fromthese alluvial
envi ronments and, say, we have well| data, each one of these
colums is a well, and the wells can be interpreted fromcore
or cuttings in terns of different textures, nuds, nuddy
sands, and sand, so the aquifers are in red, and by and | arge
the aquitards are the |low perneability nedia are in blue
here. These are conplex environnents. They're not big sand
piles or gravel piles. And understanding how fluids wll
nove through these materials entails understandi ng how t hese
various material types, and sonetinmes we call them facies,
connect up, and what are the three di nensional geonetries.

And it's a little bit like this problemyou' ve got
two borehol es, one here and one here, and you've got sand and
mud, and here nud just neans silt and/or clay. So, it's a
fine grained environnent. Sand, nud, sand, nud, |ikew se
over here. And we tend to want to connect up the dots,
consolidate these things, and that's the dashed lines. 1In

reality, it can be much nore conplicated, such as the
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stipple, and this sand m ght not even be connected to that
one.

And for the problemof transport and
characterization of aquifer heterogeneity, this is crucial.
Because in the one case where things connect up, you have
very easy flow, preferential flow of fluids and contam nants.

In the other case, it's quite a different story. So, the
guestion is how do you deal with that, and I'"mnot going to
go into details of howwe do it, but I'll show some

generalities.

Basically, we've approached it froma
geostatistical approach. 1It's known as conditional
simul ation of the geology in this case. And just consider

for a nonent a reference inmage here, which could be anything,
it could be geologic test or rainfall, and let's say it's
reality, we can sanple reality at data point |ocations. W
can do geophysics as well. And once we have the data, we
have two choices. W can either interpolate the data, or we
can do sonet hing el se.

If we interpolate it, that's akin to Kriging. So,
if we interpolate sanples fromthis, we're going to get a
snoot h representation of reality. For the geology, that's
commonly what we do in groundwater, and that sonetinmes can
hurt in the end in ternms of the predictions.

What we do is sonething that's a little bit
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different. |It's called sinulation, where we create inages
that |l ook |ike that, and honor those data and have a sim | ar
degree of conplexity. |It's a geostatistical nethod. It's
not particularly new The way we do it is a little bit new
This is a stochastic approach, in that you can generate
mul ti pl es of these sinmulations, so you don't just do one.

"1l just show you exanpl es of individual cases and
t he consequences for the flow and transport in this alluvial
f ramewor k.

So, the nethods that we use are based on sonething
very sinple, actually transition probability. W' re |ooking
at categories of materials, sand, silts, clays, and so forth,
and we | ooked at the probability, the transition probability,
that Material K occurs at one | ocation here, given that
Material J occurs there. So, sinple spatial transition
probability, a very old concept. W've just extended it into
the geostatistical realm You can create transitional
probability matrices. You can sanple stratigraphy.

And here you've got, you know, three different
kinds of materials, but in the general case, you m ght have
nore. You can sanple that and you can neasure the
transitional probabilities, and in your handout, these didn't
conme out, but this is the way it should look. | think it
says MOM across here in the handouts. That nust have been

i nserted by Kinkos.
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But you can generate transitional probability of
matrices that vary as a function of spacing between these
points, and actually conme up with a very conplete one, two or
t hree di nensi onal description of the spatial variability of
the system That's the kind of heart of the scientific basis
of what we do.

And I'lIl just show you an exanple of what cones out
of it froma case study on one alluvial fan in Livernore
Valley. This work was originally funded by Law ence
Li vernore National Labs. And you have in Livernore Valley in
the area of the labs, an alluvial fan, and we take about a
one mle chunk as a study area out of this fan, and I'll show
you sone of the results. You have borehole data, and the
borehol e data can be interpreted in ternms of textures, m xed
textures, clay, silt, silty sand, sands and gravels.

And these different texture types have different
characteristic hydraulic conductivities. The sand and
gravels are in channel environments. The internediate
hydraul i ¢ conductivities, such as debris flows and | evies,
are in this range here. And then you have a | arge conponent
in this case of very fine grain floodplain nmaterials, and
there's enough data now that the question marks can cone off
of this, a basically, much | ower hydraulic conductivity and
much hi gher volune of materials in the |ow perneability realm

in this system
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And you can conme up with transitional probability
matrices. This is transitional probability of going from
each category to another category. |I'mnot going to drive
you through the details, but just suffice it to say that it's
a conplete spatial description, in this case, in one
di rension, of the spatial geonmetry and interrelationships
between different texture types in the systemthat have a
geol ogi ¢ content.

And we do this sane thing in the other two
di mrensions to come up with a 3-D nodel of the system
conplexity that honor as the geologic basics, it honors the
data and it honors things that we think are happeni ng out
there, but we're not quite sure. So, we can include the hard
and soft information.

In this sort of approach, cutting out a |ot of
steps obviously, results in very detail ed nodel s of
het erogeneity, but also turn out to be quite realistic. And,
so, here is a nodel of part of that chunk of the Law ence
Li vernore Labs that | showed you. The aquifers are in orange
here, or yellow, depending on the face you |look at. The
aquitards are the fine grained materials or the floodpl ain
materials. And if you zoomin on this, you see nore detail

In actuality, it's a highly connected network system This
case has no pal eosols, the next case will, so we'll talk

about that in a nmonent.
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Now, | just wanted to point out what happens, what
are the consequences of putting this kind of stuff into your
nodel of fluid flow and transport? Well, first of all to
vi sual i ze what that aquifer looks like, it is basically a
connected network. Envision sand bodies that are encased in
a much finer grained system This is not the ideal pluvial
nodel for this case, but geonetrically it fits in terns of
how this system operates. |If you take a systemlike that,
and I"'mgoing to show a little animati on of what happens when
you have that conplexity in the nodel, and then when you
don't, what's the effect on transport. |'mgoing to skip
ahead because you' ve seen sone of this here.

Each of those material types, we assign a hydraulic
conductivity, and there's several years of effort that
i nvol ves calibration, and actually not nuch calibration and
characterization that |I'm skipping over, but the nodel is
quite carefully done. [I'mgoing to show an exanple of the
transport experinment in a part of that box, and there's going
to be a honbgeneous case and a heterogeneous case. First, we
start heterogeneous. The perneability distributions defined
by the bases distributions you just says, an instantaneous
rel ease of a tracer, an ideal tracer, small dispersivity
representing | ocal scale m xing.

And we're | ooking down on the box. The release is

right there, the tinme is up there. And you get a plune that
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snakes al ong these channels and it branches. This wll
rotate in a nonent so you'll see it in 3-D. |'mnot sure how
well it shows up in this light. But you get a branching
plume that flows preferentially along the channels, and it's
a 40 year sinulation. So, 40 years later, there's still a
| ot of stuff, solute mass or tracer mass, stuck back here.

Okay, the conplexity you see is a consequence of
the heterogeneity. The next exanple is a case where we have
the sane total flowto the box, but with what we normally do
i n groundwat er nodel | ing, we have effective paraneters. W
don't have that conplexity, and we run the sane experinent
and with the sane total flow, and the results are quite
different. And some of you know what's going to happen, but
it's still worthwhile to conpare.

This is a case with the sane total fluid flow
t hrough the box, but w thout the heterogeneity, and it's
going to rotate again. |It's going to | ook obl ong because
there's vertical exaggeration here. The plunme is going to
| ook I'i ke a cigar noving down here. But, basically, you
don't get any of the basic features that we saw before. And
this is basically a |ot of what we've been doing.

W' ve been characterizing alluvial heterogeneity,
doi ng these kinds of experinents conmparing to field data as
well. So, that's just a highlight filmon the consequences

of the heterogeneity.
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The techni que that we use can incorporate basically
anything you can observe as long as it's sonewhat consistent
spatially, or stationary. W' ve used seismc to account for
vari able dip angles, and so forth. That can be built in.

Here' s anot her exanple where you have
unconform ties. You have one package of materials here,
anot her on top, another one down here. This is all quite
doabl e now, and actually very simlar things are being done
in petroleumreservoir characterization

Now, for a |ook at the paleosol case in a nore
coarse grained alluvial fan, and this is based on Gary
Wei ssmann's work fromthe Southern San Waukeen Valley, this
area right here. It's a fluviallly domnated fan. So, it's
a very relief surface as a part of a very flat valley, and
this is the outline of the fan system But, in the field, a
| ot of people don't recognize that they're standing on a fan.

We have core data fromthis system fromthe USGS
core wells. W also have aged dates and other things in this
transect that make for an interesting study. The core data,
and here's one core revealed to us the presence of pal eosols.

These red zones in here, there and you see another one
there, for exanple, we'll | ook at another one close up in a
nmoment, are pal eosols. There's a contact between a pal eosol
and nore recent glacial run-off deposited materials.

A paleosol is just an--it's a soil that's devel oped
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on a surface due to natural weathering processes. The

pal eosols in this systemtend to be nmuch lower in
perneability, and nuch nore laterally continuous than any of
the other material types, which makes them potentially

i nportant aquitards. So, if you suspect you have these, it's
inmportant to | ook at them and characterize themin the
context of the depositional processes that gave rise to them
They're lower in perneability because of petogenesis
processes, formation of clays due to weathering, and
infiltration of fine grained materi al s.

But, they are relatively uniformy lowin
perneability. They're not inperneable, certainly not. They
are leaky materials. They are separate. W see them
deposited primarily in glacial transitions. The Sierra
Nevada, the nountains that are the source area for this fan,
were gl aciated periodically in the geol ogical past, and
during the inter-glacial periods, |ike now, now we have a

pal eosol form ng on the surface. There's not much deposition

of soil, mainly weathering.
During maj or glacial erosion events and
depositional events down in the valley, you had a buil d-out

of fan packages, and basically, it happens like this. Today,

it'"s like this. You have a streamthat's incised and
pal eosol s form ng on an exposed fan surface. |In the geologic
past, you had nuch nore rapid deposition. The basin is also
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subsi ding. So, whether you see these things depends a | ot on
the source area, the rate of subside into the tectonic
factors in the area.

But, in this system the bottomis dropping out on
t he basin fast enough that during the high depositional
events, sedinents built out on top of these pal eosols and
were buried as ancient paleosols. And they are correl atable.

In cross-section, you see pal eosol zones that can be

recogni zed even on driller's logs, as well as on our cores.
They're correl atabl e because these were, during the
deposi tional and erosion phases, very continuous, and the
base was subsiding and they were preserved. And, again,
that's why they represent potentially inportant aquitards in
the system

In this case, we developed a little bit on sequence
stratigraphy applied to these kinds of systens, and devel oped
a very detail ed nodel of where these features are. And there
are areas, like in this green area right here, where they are
not. And that's an area where a channel, a nore recent
channel due to one of the nost recent glacial |ow stands on
sea level resulted in incision to about 30 neters, and then
backfilling of very, very coarse grained materials. So, when
t hi s happens, you have a potential for vertical fluid flow,
and al so makes an ideal place for artificial recharge.

So, knowi ng what's going to happen on a fan |ike
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this entails know ng where these are, where these are, and
also there's lots of conplexity within each of these
packages, too, that we work fairly hard to account for. So,
in this case, we build a nodel that included pal eosol
boundari es between depositional packages. So, there's a

pal eosol there, there is that incised valley, it has a nice
gravel fill on the bottomof it. It is a key feature

hydrol ogically and, frankly, we wouldn't have found it if we
hadn't known sonet hi ng about the depositional processes.

Once we understood the sequence stratigraphy, we
said these should be out there. W went |ooking for them
and we found the big one. NSF funded several core holes for
us to verify that this was there, that our nodel worked, and
indeed it worked out quite well.

So, using simlar geostatistical approaches, we
have nodelled in this systema nulti-scal e heterogeneous
characterization of an alluvial fan system There is the
i nci sed channel. It has heterogeneity within it, which is
nodel I ed there, and it incises through this package here.
It's nodell ed over there. And there's another package down
there. So, all these go together to create one, and there's
t he pal eosol surfaces to create a nulti-scale nodel of
het er ogenei ty.

Here, we | ook at the consequences of this sort of

t hi ng probably by | ooking at groundwater age. Here, we were
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interested in age mxing in an environment like this. Each
different color you see entails a different hydraulic
conductivity. The hydraulic conductivities here range over
five to six orders of magnitude.

kay, we take a smaller subset of that, and we've
done work on groundwater age and di spersion and transport,
and in this transect, we have age dates for each of these
wells. So, we've done quite a bit of sinulation and
conparison, and I'll show you sone of the high points of
t hat .

By groundwater age here, | sinply nean in the
standard thi nki ng, you have a parcel of water enters here,
and noves down gradient, and it ages, and it discharges
somewhere at an ol der age.

In our nodelling to represent this based on a
sanpl e of water at this point, we run our nodels backwards.
So, we do backward tracking along the streamlines. [1'll
show you results that are backward in tinme, and that's done
specifically so that we can get better information on age.
But the transport processes and the m xing, preferential

flow, that's basically the same backwards as it is forward

So, we get things like this. Here's our
het er ogeneous nodel. W release particles there froma very
smal | point, and things are spreading out. They're spreading

out because of the heterogeneity that we've built in.
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There's a pal eosol right there. There's a hole through that
pal eosol that's not in this plane. So, it's not obvious from
this novie why things are noving through there, but the
particles are noving through a hole that is not in this
particular plane in ternms of the gray scal e characterizati on.

So, you get a lot of spreading. |If you take out
t he heterogeneity, you get the sanme kind of thing |ike what |
showed in the second part of that other novie. And,
obvi ously, where these pal eosols are and where the holes are
and how continuous they are is going to control transport
quite a bit in this case.

Wen we | ook at the age distributions, we can cl ock
here, when each particle gets to the water table, we have an
age for that particle. So, we can calculate with nodels |ike
this the distribution of ages you would get within a single
sanple fromthat well. And here's ten cases and ten
different cases of the heterogeneity. But, universally, we
see ages, and these are cunul ative curves representing
groundwat er age fromindividual sanples in a nodel that have
al so been verified w th data.

They basically all |look like this where you could
have one water sanple which has water particles in it that
are ten years old, and that sane sanple, you have water
nmol ecules in it that are in excess of 100 years old. So,

it's showi ng trenendous m xi ng. Sonme people aren't surprised
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about this sort of thing, but others are. But, it is an
interesting area of research, and it's inportant for
under standi ng how to interpret groundwater ages.

The m xi ng doesn't go away. Wen the water gets
very old, it seens to get greater and greater. That's
sonmething that we're still looking at. W have conpared
simul ated ages, simulates CFC-11 concentrations, which is an
age dating technique that has been used at this site,
conpared to reported, and we do quite well. There's the one
to one line.

However, CFC nethods don't tag the old water, the
water that's ol der than 50 years. So, when we conpare the
actual ages, the actual nmean ages fromthe nodel to the
simul ated CFC-11 ages, there's the one to one line. The
nmet hodol ogy universally under estimates the actual age,
because of preferentially sanpling. And it's a problem of
the age mxing, and this is kind of an energing issue with
t he neani ng of groundwat er ages.

And what it neans basically in a nutshell is if you
take a water sanple, it consists of not just one age, not
even with a narrow error interval, typically, you can expect
a wde range of ages. And if it's very old water, the age
range will be nuch greater than that is. But, here I'm
tal ki ng about young waters, 50 year old waters. Here, you've

got sone nol ecul es that may have recharged the systemin
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1923, some cane in in 1974, 1969, and if you' re concerned
about recent contam nation, perhaps only a fraction are going
to be potentially contam nated. It had broad inplications
for future changes in groundwater quality.

A bit nore on pal eosols. Backward tracking
results, here, we showthe results in terns of year
snapshots. At ten years, the particles are there. At 30
years, they're all in the blue. At 50 years, it's where the
green are. And at 70 years, it's where the red are. And by
70 years, nost of them have exited the system And, again,
t he pal eosols are these dark regions in here. This is a case
wi t h pal eosol s.

Norrmal |y, people don't |ook for these things
hydr ogeol ogically, so they just don't get characterized. So,
we did anot her case where we had the same conplexity, but
wi t hout the paleosols, and did the sane experinent, and you
get this kind of result. So, here's a statistically
identical aquifer to this one. Here's preferential flow and
ki nd of confinenment of the transport pathways due to the
pal eosol s, and here's the case without paleosols. So, it can
be quite inportant, and have a big effect on age m xing as
well as the initial break-throughs and the mass hol d- back due
to sl ow advection and diffusion and the heterogeneity.

So, to summarize, we have a hydrofaci es geol ogic

approach that provides an added perspective on hydrogeol ogic
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processes froma nunber of different angles, including

remedi ati on, transport, and groundwater age. That techni que

that | showed you was a transition probability technique

where we fit Markov chains to the transitional probabilities.
It's in a package that is now available within GVs. It

gener at es het erogeneous nodel s that honor the data and

geol ogi ¢ fundanent al s.

So, geologically, it's rather rigorous. That
approach allows relatively easy incorporation of geol ogic
information. The Kings R ver fan case shows sequence
stratigraphi c approaches that include know edge of potenti al
for pal eosol devel opnent and the potential consequence are
hel pful. The pal eosols can be mapped regionally in that
system and are aquitard in that system That won't be the
case in every alluvial fan, but it is certainly something to
| ook for.

Typi cal alluvial heterogeneity |leads to significant
di spersion of groundwater ages within water sanples, even
when those sanples are collected fromshort screen interval
wells. Significant age di spersion conpounds interpretation
of estimated or inferred groundwater ages. And conventional,
nearly honbgeneous nodel s of groundwater flow and transport
can be m sl eadi ng when used to forecast groundwater travel
times.

That's all | have.
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DUQUETTE: Thank you very nuch. Questions fromthe
Boar d?

NELSON: Thanks, Graham How interesting.

Let me just ask you are you famliar at all with
the site, the Yucca Mountain site and fl ow path?

FOGG | aman amateur when it cones to the site at this
point. 1've read things in the newspapers, but | have not
kept up with really what has been done. You know, | hear
tal ks here and there at AGJ, and so forth.

NELSON:. Ckay. Let ne just ask you do you think that
you know enough about how to nodel heterogeneity of all uvium
that--1 nean, you' ve got a trenendous density of boreholes in
many of your nodels that you put together, and in other
cases, you're not going to have that density. Do you think
that you know enough fundanental |y about how such alluviumis
put together that nodels could be obtained and are prepared
and verified using smaller nunbers of boreholes with sone

sense of certainty? |s that a good question?

FOGG Could you get by without nore data? | have to
say | don't know. | would be skeptical about it. There is--
you know, these systens, we actually do a lot with a little

data, but | think at the transport scales that | think you're
concerned about surroundi ng Yucca Muntain, you would be
tal ki ng about doing this at a nuch |arger scale, and noving

out into areas where maybe it's one borehol e per 20 square
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kil oneters, or even |ess dense than that.

And, there, it can be--there would be a problem I
woul d say. You're going to be getting into many different
environments. At the mninmum it's worthwhile, considering
what we show here, to tenper your predictions with sound
engi neering sense. But, there are things you can do. | know
there are folks with the USGS who have been interested in
appl yi ng these approaches, but on a regional scale, to
nodel | i ng the fl ow between Yucca Mountain and destinations
south in the system

So, you can do a lot, but, again, if you don't have
much data, it's going to be nore specul ative, but maybe it
will help you put some bounds on your answers.

NELSON: Thanks.
DUQUETTE: Any ot her questions fromthe Board? D ck?
PARI ZEK:  Yeah, Parizek, Board.

Clearly, if there were pal eosols present, it would
have a consequence conpared if you assunme you didn't have
them and just started the fan as a heterogeneous environnent,
as a high porosity. [It's surely good for transport conpared
to the welded tuffs, you know, in terns of travel tine, and
so on. So, you can say, well, I think |I have pal eosols, you
show it in the sense of concentrating your tracer basically.

So, in a sense, you can actually have higher concentrations

in selected water sanpling locations than if you didn't have
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t hem present.

So, right away, if you didn't know you had them
you'd end up under estimating how bad the case could be, |
guess is one way to put it.

FOGG Well, higher concentrations in the sense that the
pal eosols in that exanple funnel a bit nore of the tracer
through a small er area.

PARI ZEK: Right. O if in a part of a fan you found
pal eosol s, there's reason to believe, therefore, that system
ought to have them buried in the subset somewhere, right, as
you did in your fan studies you had where you found them
You had one, you're bound to have several others.

FOGG Wthin those packages in between the main
pal eosols, there are snmaller ones that don't seemto go
anywhere. So, you may have, you know, periods of a little
bit of uplift and down cutting. So, you have sone topography
devel oping in paleosols, and then that all gets filled up,
and you have remmants of pal eosols sitting around. But those
woul d not be as hydrologically inmportant. You know, an
i sol ated pal eosol in this case isn't going to be anynore
hydr ogeol ogical ly inportant than a floodplain nmud. In fact,
the fl oodplain nmuds m ght be nore conti nuous.

So, it's the continuity and the perneability that
are inportant. And | would say it could be inportant for the

reasons that you nmentioned, and it's also inportant for
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under st andi ng how to nonitor the system because when the
nmonitoring prograns are set up, or if they do get set up, you
have to know sonet hi ng about the fabric, as to where to put
your wells.

PARI ZEK:  Sone of the program buil di ng was designed to
get into bedrock, you know, in kind of a business-Ilike
manner, and the overburden alluviumisn't too well
characterized, as it would be if you intentionally went
drilling for that purpose.

So, in the cores, you showed sone views | ooking for
alluvium alluviumstratigraphy in detail, and then you found
it. But, if you rip through that with rapid drilling
met hods, you may or nmay not know about it. The color itself
woul d have given you a clue, because your soil profiles give
you col or changes that are brief, but abrupt, and quite
noti ceabl e.

So, if you're watching for it, you mght pick it
up; right?

FOGG Yes. And, in fact, the four of these cores were
taken by the USGS in the early to md N neties. There were
peopl e saying oh, it's just a big sand pile. And | don't
think so. But, you know, really the data weren't very good
to pin that down, and | o and behold, the cores showed
tremendous conplexity, a lot of sand, but half of it's not

sand or gravel. [It's fine grained stuff. But that's a
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coarse grained sand for you

And t he pal eosols sat there unrecogni zed by us for
over a year before, you know, the research process began to
pi ece together what was goi ng on

PARI ZEK:  Thank you.
DUQUETTE: Any ot her questions fromthe Board or from
the Staff?

(No response.)

DUQUETTE: Thank you very nmuch, Graham Appreciate it.

The last formal presentation this afternoon wll be
by Peter Swift. Dr. Swmft has an interesting background, |
think. He has degrees fromboth Yale and the University of
Wom ng at the bachelor's level, and a Ph.D. fromthe
Uni versity of Arizona in geosciences. He's responsible for
devel opmrent of performance assessnent strategy and defining
t he supporting technical analysis in the Bechtel SAIC
Per f ormance Assessnent project.

Previous responsibilities with the Yucca Muntain
Performance Assessnent include Lead Analysis for |gneous
Consequence Mdel ling, and Lead Analysis for Identification
and Screening of Features of Processes to be included in the
Performance Assessnent. Wirk prior to joining the Yucca
Mount ai n project included nine years of experience in
performance assessnent for the WPP project, where he was a

| ead aut hor for the DOE s 1996 Conpliance Certification
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application to the Environnmental Protection Agency.

H s presentation this afternoon will describe plan
anal yses of the capabilities of the barriers of the Yucca
Mountai n repository.

Peter?

SWFT: 1'd like to start out by crediting the co-
workers with me on this presentation, starting by crediting
Bob Andrews, who's been the manager of the Performance
Assessnent, and now conbi ned Perfornmance Assessnent and

Sci ence Prograns for this project for quite a few years. And

you'll see I'mlisted here as the manager of sonething called
the Performance Assessnent Strategy and Scope. [It's actually
a sub-project in Bob Andrews' group

| want to thank Ron Howard, who's sitting over
here, who is the Deputy Manager of this group, who actually
does all the work, and I nake the presentation. | want to
thank Jerry McNei sh, who is the Manager of the Total System
Performance Assessnent teamthat really does work, and Pat
Lee. |Is Pat Lee here? Pat Lee should be |isted as a co-
author on this, but we tend to just |ist the speaker. Pat
generated the figures, told me what they neant, worked with
me in putting this together. And also Dave Sevougi an, who's
back there somewhere, who is the | ead for devel opi ng TSPA
nodel s, who will answer the hard questions.

What |'mhere trying to present is a followon to a
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talk I made to this Board in Septenber, which was a series of
what we called one arm anal yses. And the reason |I'm here |
think is to explain there are other techniques to getting--
"1l come back and work the one armin a mnute--but there
are other techniques. And, in particular, there are al so--
there are regulatory drivers, NRC regulation, Part 63, that
lead us to use a variety of techniques to denonstrate the
barrier capabilities in the License Application. And what
" mgoing to go through here are sone draft exanples of how
we may choose to do that in the |license application.

Topics here, a few remarks on what's in the NRC
regul ati on about barrier inportance, barrier capability, a
very brief summary of the analysis techniques that are
avail able to us, and the analyses I'"'mgoing to show. |'m
going to show a bunch of results here. They are
representative exanpl es based on past work. They're al
exanples, they're all draft, they all happen to be for
nom nal performance only, which is where the NRC wants us to
focus our enphasis on the barrier performance, barrier
capability. Everything here is a draft. |If there are any

quantitative results here that | ook prom sing and

interesting, they will be updated for |icense application in
two years.

And the | ast point here, everything I've shown is a
mean result, and that's for sinplicity in this illustration.



264

| recognize fully, we recognize that there is uncertainty in
t hose nean results. They're averages in the Minte Carlo
nodel | i ng system of nmany, many out cones, hundreds of them
And we will need to give you a nore full discussion of what
the uncertainty in the results is and where it conmes from

Al so, one nore point on that uncertainty. | show

results here typically in terns of those that involve
radi onuclide fluxes. In terns of all radionuclides, they're
broken down by integral species, where is the Techneti um

goi ng, where is the plutoniumgoing, and so on.

|"mnot going to read these. These are quotes out
of the NRC regulation. | hope they're correct. The
important thing here, inportant to waste isolation is a
defined term that key phrase here, reasonabl e expectation

that disposal will not exceed the requirenents of Part
63.113. That's the 15 milliremlimt there.

VWhat is a barrier? It's sonmething that reduces the
rate of two things, either novenent of water or novenent of
radi onuclides, or a third thing, rel eased radi onuclides from
the waste, which is basically a sub-category of novenent of
radi onuclides. So, barriers have a role of water flux or
radi oactivity fl ux.

| had hoped actually that the NRC woul d be
presenting before ne on this sanme subject, and they're not

here. They would have read this instead of ne. The
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regul atory requirenent here, the applicant nust describe the
capability of barriers to isolate waste, taking into account
uncertainty. And they nust provide a technical basis for
that description, and it must be based on and be consi stent
with the entire performance assessnent. And that's what |'m
going to try and show here in draft exanples from past

anal yses.

Types of techniques we've used to get at behavior
of conponents within our full systemnodel. W start with
system | evel regression anal yses. Anybody who does Mnte
Carlo nodelling, it's a very standard technique. You perform
regressing analysis to see what |ength of paranmeters
contribute the nost to the spread in your nodel results.

It's great for providing insights into contributors
uncertainty and total system performance, but it's pretty
limted in the insights it will give you on conmponent
performance. Therefore, we've gone to other approaches.

One-on anal yses, what you saw in Septenber where we
sinply added--we started out with bare waste fromthe | and
surface hypothetically, and added in different barriers one

at atime. And we showed you what the hypothetical total

doses woul d be, very hypothetical. It's a good display of
relative contributions of barriers. It is, however,
unfortunately strongly dependent on the order in which we

added those barriers. It's also not physically realistic.
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Waste is not going to be enplaced without the barriers.

One-of f neutralization techniques is where you
renove barriers one at a tine, and then rerun the anal ysis.
They are in definitive order. Redundant capabilities are
difficult to characterize. |In other words, you have two
barriers that are basically capable of doing the sane thing.

Let's say the unsaturated zone and the saturated zone are
both very good at absorbing plutonium which they are, if you
take out the saturated zone, it will |ook |ike nothing
happened, because all the plutoniumyou put into the system
got stopped in the unsaturated zone anyway, and the saturated
zone didn't nmake nmuch of a difference there. And there
again, they're not physically realistic.

Anot her technique, just |ook at the internedi ate
results fromthe full TSPA. That shows individual barrier
contribution in the context of a full system But, again, it
sinmply doesn't get you through this redundant capabilities
problem If all radionuclides are stopped at the waste
package, which a |l arge nunber of themare certainly, you have
very little way to assess the capability of the downstream
barriers.

However, it does let us |ook at different types of
results, water flux, radionuclide flux, for different
barriers, and we don't have to use total dose as the primary

metric.
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| may get through this whole presentation w thout
showi ng you a single dose plot, which is sonething that TSPA
rarely does, | think. But there are no doses anywhere in
this, and | think it's useful to realize that you can use the
TSPA nodel ling tools for things other than dose.

So, what we propose to do here for the LA is |ook
at internediate nmetrics, i.e. water flux, radionuclide flux,
usi ng conponent anal yses, full system anal yses, one-off/one-
on techni ques, whatever techniques are appropriate to get us
t hrough, to get a good | ook at what each of those conponents
can do or could do with respect to water or radionuclides.

This is a conplicated picture here, but it's a nice
picture. This is the thing you want to focus on here. What
are the barriers? There are nine barriers that the DOE
listed in the Site Recomendation, and plans to use also in
Li cense Application as the significant barriers that nmake the
systemwork the way it does.

Surface soils, topography. This is the
infiltration barrier. The unsaturated zone, this is above
the repository. [It's the percolation flux, you have seepage
and drift effects, the drip shield, the waste package
cl addi ng, waste form invert, UZ bel ow, saturated zone.
listed them here not the way we did themin the one-on
anal yses. Here they're listed in the way the water noves.

So, the water would contact each of these essentially in that
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order.

From here on, the whole talk is draft results from
here on that | hope give sone insight into what these
barriers may be able to do for us. And this first one, let's
| ook at the surficial soils topography. This is the
infiltration barrier. What's of interest to us? Wat's
conpared? Precipitation, that's the upper curve here.

That's, you know, the rain, the snow that falls on the
nmount ai n, conpared to what enters the percolation flux in the
unsat urated zone.

This is a very crude coarse spatial average. |If
you | ook at a detailed map, precipitation and infiltration
that's devel oped by the USGS nodel that provides input to the
Ber kel ey | aboratory unsaturated nodel, a trenendous anmount of
spatial variability. W've just coarsely taken that and
averaged it here. These steps are climate changes in the
precipitation. They show up down there. Bottomline. As
currently nodelled, and all these results here are as
nodel l ed, and I'mjust trying to explain what our nodels are
doing, I'mnot trying to justify themor explain why they do
what they do, just what's happening here, about a factor of
16 reduction in water flux just at the soil |evel and the
unexposed rock level, earth land surface. Those are from
transpiration, run-off, evapotranspiration, the big ones.

Al'l right, so keep this one in m nd.
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Now, what does the unsaturated zone do? This is
t he question of, well, how nuch of that water that gets into
the top of the unsaturated zone actually enters the drifts?
And there are two different plots here, and there's a good
story here. The upper one shows--one of those curves is the
same red curve fromthe previous page, now shown in bl ack
It's down here also. This is the spatially averaged
infiltration into the nodel above the mountain. All these
ot her curves up here, that, by the way, is right up here at
the top of that one, basically underlies that green curve, if
you can see it, all the rest of those show spati al
variability in seepage into the drifts. And these are waste
package bins. W group the waste packages into different
groupi ngs based on how nuch infiltration is in that portion
of the nodel

So, over nost of the repository, the packages are
seeing less water flux than the average infiltration. Sone
are actually seeing nore, full purposing effects. The
spati al average down here over all packages and over the
whol e repository, it's about, out here 10,000 years, about a
factor of 4 reduction. How nmuch of that water is going down
t hrough the UZ in our nodel is diverted around the drifts and
how much gets into themand | ands on the drip shield? About
a factor of 4.

The drip shield. This is clearly a barrier
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designed to reduce the novenent of water, in the NRC s

| anguage. So, what is it doing? WIlI, the upper curve is

t he sane curve you saw on the previous page. |If you'll back
up one, that's this one here. They |ook very different
because you've gone froma log scale to a |inear scale. And
this is seepage flux into the drift, and this actually cane
up in Mark Peters' talk. Wat do we actually think nodelled
seepage flux is, and he gave an estimate on the order of
mllimeters. Well, that's in fact what this nodel is

showi ng, spatially averaged.

The bottomline here is actually not nodell ed.
That's sinply drawn, because in our current nodel, the waste
packages are not failing within 20,000 years, water flow
through themis zero. So, the drip shield is conpletely
effective as nodelled at preventing water fromgetting
t hr ough.

The waste package, what kind of barrier is it to
water flow? And in order to get at this, we have to take the
drip shield out. It doesn't make any sense to conpare zero
to zero. So, we take the drip shield out and rerun it. The
upper curve here is that sane seepage flux, and this is--the
notes down here, there should be enough of a note there to
tell you where | got the nunbers from This one is created
by scaling that one to the area of the waste package failure,

the breach, in the small fraction of packages that the node
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is showing are failing in the first 20,000 years.

So, this is for the packages that have early
failures, it's less than 1 mllinmeter per year getting into
t hose packages. For all the rest of the packages, which is
the 11,999 of themin the repository, it's zero. The waste
package is conpletely effective at preventing water from
getting in in the first 20,000 years.

Al'l right, now noving to barriers whose function
isn'"t tolimt water novenent, but to reduce the rate of

radi onucli de novenment, in the NRC definition. And that curve

should be a snoboth line. [|I'mnot sure why it cane out with
l[ittle steps init there. | think it's smooth in the
handouts. The upper curve here is sinply the total

radi oactivity in the inventory of the repository through
time. That's just the radioactivity to K curve, the K in-
growm h. There's no transport, no nothing in that. |nmagine
all the stuff is just sitting there in waste packages going
nowhere, or sitting there on a pad, wherever you want to put
them that's what it would ook like if you left it the
reactor sites, too, through tine.

The bottom curve here is the cal cul ated rel ease
rate. The red axis hereis alittle different fromthe black
one. |'m conparing apples and oranges here. 1'Il explain
that. This is total activity in curies. This is curies per

year |eaving the waste packages that have early failures in



© 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

272

them and this is leaving--1've renoved the drip shield here,
so this is leaving by both advective transport and diffusion.
However, there is one waste package out of nearly 12,000 in
each realization. That's a large factor in that reduction.
Al right, what's ny nunber there, about a one in
10 billion, it's less than one in 10 billion total inventory.
Granted, this is a conparison of total inventory to what's
bei ng renoved through tinme, and you could argue that, well,
this accunul ates through tinme, conparing the rate to a single
barrier. But I'll conme back to that. |1'mgoing to show the

same thought in a different way in just a mnute.

The cl addi ng, what can the cl adding do? Here
again, I'mconparing an activity flux, and in this case, |'ve
chosen to conpare the activity | eaving waste packages with

and wi thout cladding present. Now, all the other barriers
here are working as expected. This is basically the | ower
curve here is as we expect the systemto work. But the upper
curve just renoves the cladding, and if we take the cladding
out, and the cladding only affects the comrercial spent
nucl ear fuel, the cladding alone then is creating about a
factor of 40 reduction in the actual fl ux.

This one again, this |looks at the activity flux out
of the waste form This actually cones fromthe sanme one-on
anal yses | showed back in Septenber. This is the

hypot heti cal case of the bare waste formw th the cl addi ng
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removed, the drip shield, the waste package, no engi neered
barriers, the waste form exposed directly to precipitation
flux. So, it's the annual precipitation flux, that main
curve | showed back on the first one of these results that is
controlling dissolution here, solubility limts determ ned by
t hat body of water.
And, again, the upper curve is sinply the inventory
of the whole systemthrough tinme, sane curve | showed before.
This is what could get out of the waste formitself if it
were fully exposed to water. You see a big spike right away.
This is highly soluble stuff, it comes out very quickly,
technetium and short-lived stuff, cesiumand strontium The
stuff that is solubility limted in that precipitation flux
conmes out nore gradually through tinme. But the waste form
itself is a very effective way of reduced total activity
getting out of the system except for that initial spike.
Because this initial spike is domnated, it's

primarily cesiumand strontiumtotal activity there, that
stuff is short lived and would not be around | ater on here at
10, 000 years. Therefore, | think it is appropriate to think
in ternms of conparing total activity to the release rate at
10,000 years. The first tinme step release here is, if we
sinply took that and integrated it out over tinme, you' d get a
ot larger release. But it doesn't exist over tine. It

decays.
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The invert. Again, here we've renoved sone of the
other barriers in order to get a better | ook at the invert,
removed the waste package and the drip shield, and then just
| ooked at activity flux into and out of the invert. So, the
upper curve here is what gets out of the waste package and
enters the invert. The |lower curve is what cones out of the
invert. And, again, the early spike here is the cesium and
strontium

| can field questions on these later. We'Ill|l keep
goi ng here. Next one?

We've gotten through the invert, and now we're
| ooki ng at the unsaturated zone bel ow the repository. This
is the transport barrier. |It's not a water flux barrier.
VWhat we're interested in now is how nmuch radioactivity that
enters the unsaturated zone can get out. And there are two
ways to ook at this. W' ve got exanples with the next two
slides, one is to | ook at the break-through curves, which
t hese are actual break-through curves that we cal cul ated and
used in TSPA-SR a coupl e years ago.

The break-through curve is a formof a conplete
neutralization. You' re assum ng that you' ve got a unit of
stuff released directly in the top of the UZ at tine zero.
It's assuming it was bare waste formsitting there in the UZ

Well, what mass fraction of that gets out through time? So,

what we see in the UZ is that, for exanple, the green curve
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here, these are the irreversible plutoniumcolloids, the ones
that nove quite quickly, and about half of themare getting
out around, what, 300 years, | think. That's fairly fast
novenent for those coll oids.

The di ssol ved plutonium or the reversible colloids
that attach and detach and then tend to get sorbed while
they' re detached fromthe colloids, they don't come out, you
know, maybe 30 per cent of themdon't come out after 100, 000
years. So, what this sort of plot tells you is that the Uz
is a very effective barrier for the strongly sorbing
actinides. And, you know, it's not a very effective barrier
for the fast noving colloids, and a noderately good barrier
for internedi ate species |ike neptunium

This is the actual nodel behavior through tine.
This is not an instantaneous tine zero release into the
system This is the release through tine. 1In order to get a
good ook at it, we took a ot of the other barriers out,
took out the drip shield, the waste package, seepage effects,
the invert, this cane out of those one-on reports, one-on
anal yses | showed back in Septenber. The reason |I'm show ng
this in part is it gives a very good conparison agai nst the
saturated zone here in just a mnute.

You see a trenmendous reduction in the linear tine
scale, that's 1000 years there. The first, you know, 500,

600 years, there's a trenmendous reduction here, while we
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still have large quantities of cesium strontium and
Americium 241 in the system that are both sorbed in the Uz
very effectively, and they decay away. So, that's the

di fference between there and there. At later tines out here,
we're | ooking at the effectiveness in stopping neptunium
technetium which are the main contributors to the total
activity flux.

Saturated zone. Here again are sone cal cul ated
mean saturated zone break-through curves. These are neans
from 100 realization. You' d have to see the plot of all the
four realizations to understand what | nean by that. But
each of these is a--well, the first curve here are the non-
reactive species, technetium iodine, and for the purposes of
this nodel, we assunme carbon is non-reactive, but it's not a
maj or player in the system and that was a sinplified
assunption rather than trying to build a reactive transport
nodel for carbon

The green here is--1'"mhaving trouble reading that.

| think I see why. Yellow is neptunium plutonium the
brown, is the irreversible colloids, cesiumand strontium are
in there. The nedian break-through tines, howlong it takes
for half the mass you put into the saturated zone are shown
down here, and what we see here is that the saturated zone is
not an effective barrier as nodelled to technetium At 18

kil onmeters here, we're still getting half of it through in
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about 300 years. It's not as effective as we woul d have
t hought for neptunium and it is quite effective for the
ot her speci es.

And this is the activity flux into and out of the
saturated zone, out of the unsaturated zone, upstreamof it.

So, we're avoiding that problemwhere you can't see the

ef fect because things were already sorbed in the unsaturated
zone. This should be directly conparable to the plot I
showed on Number 17. What we see is a big benefit at early
times where we're picking up the cesium strontium Americium
241. W see an odd effect here where it |ooks like we're
actually briefly getting nore out of the saturated zone than
we put in. That's probably a real--it's potentially a real
effect fromthe sorption of Anmericium 241, which then decays,
nept uni um 237, and then rempbilizes, so it could actually be
possi ble to have a systemthat effectively trapped Americium
241 back here, and as it decayed, let it get back out again
out there.

This system here is of benefit about 1000 years in
here by a factor of 7, nuch | ess out here at later tines.
Basically, the difference here is the effectiveness of the UZ
at stopping technetium and neptunium which are the | argest
contributors to the total activity flux, and it is not that
effective at stopping those two. |It's a very effective

barrier on cesium strontium Anericium 241, plutonium but
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the | argest contributors, the total activity at later tines
are neptuni um and techneti um

|"ve got a three-page table that sinply summari zes
what was in the last bullets in each of those slides that I
went through, and I'"m not going to bother to go through it
agai n.

The conclusions. The first point is that the draft
work to date, that's what you just saw, confirns that each of
the nine barriers does have a capability to reduce novenent
of water or radionuclides. There's no question about that.
The capabilities can be quantified using conponent nodel s,
TSPA results. What | showed here was sinply neans and total
activity fluxes. W can break that down into ful
uncertainty anal yses. W can break it down by species. W
can show you, for exanple, where the Anericiumwent, where
t he cesium went .

And the last point, doing this kind of analysis
i nvari ably teaches us sonething nore about how our nodel is
wor king. So, aside fromthe fact that it's a regulatory
requirenent, it's a good thing for us to do.

And I'Il take questions.

DUQUETTE: Thank you very nuch, Peter.

Board questions? Mark?

ABKOW TZ: Abkowi t z, Board.

Maybe |I'mover sinplifying all this, but it seens
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to ne that the $64 question has been of these nine different
barriers, what are their individual and collective conponents
in ternms of, you know, the adequate protection that they
provi de to some type of hazardous release? 1'd seen the one-
of fs and the one-ons and sone of these other things, and ny
sense is that we're kind of dancing around the perineter of
t he issue.
My question to you is why can't we create an

anal ysi s where the dependent variable is sonme neasure of risk
much |i ke TSPA is |ooking at it, and the independent
vari ables are the nine different barriers? Wy can't we
performa regression analysis at that scale? Wy can't we do
a correlation analysis between them so we can see what type
of redundancy they contribute to one another? And,
therefore, | think we'd have a nuch cl earer understandi ng of
all this. Am1l over sinmplifying it?

SWFT: Well, the issue there is that we' ve done this
with a full system nodel, and done a regression anal ysis.
But what you see is that uncertainty in total performance is
driven by the barrier of next |argest contribution, and you
sinply don't get past that to | ook at the rest of them by
| ooking at the full system You really do have to take them
apart piece by piece and ask the question. Essentially, the
question is if the other barriers weren't there, what would

this one by itself do? The other barriers will be there.
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There's no question but that all nine barriers will be there
and will performsone function. So, it's a difficult
nodel I i ng probl em

ABKOW TZ: Maybe we're talking at two different |evels
here, because to nmy way of thinking, any tinme you're | ooking
at a dependent variable that's a function of independent
variabl es, and maybe it's a different nodelling formulation,
but it strikes nme that each of these barriers is an
i ndependent variable. | nean, that's the way the problemis
being defined. Are we or are we not going to have certain
barriers included in the process? oviously, the natural
barriers are there. 1'mhaving difficulty understandi ng why
one cannot run an analysis where those are the i ndependent
vari abl es, and you have the ability in your nodel to renove
what each of those represent and be able to, you know, re-
conpute the final results, and then you can use that
information to perform another regression at a higher |evel
and get at the issue, as far as | can tell.

SWFT: You're suggesting basically to rank the barriers
by their contribution to total dose, and then renmove themin
that order one at a tine and rerun the regression anal ysis?

ABKON TZ: Right, and get to the point where you can run
a correlation matrix between the different barriers so you
can see how highly correlated sone of themare, or even if

some of themare negatively correlated. And that really
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provi des a better understanding of how they play off against
one another. And in sone cases if the correlation is high,
then you can acconplish two things. One is you can recognize
that there is that interrelationship, but at the same tine,
it provides you with certain quantification for the defense-
in-depth that you have with your system
SWFT: The answer to that one is that we've actually

started down this path, and the effectiveness of the waste
package to begin with, we design a robust waste package, and
t hat overwhel ns the inportance of the rest of the systemif
you go straight to contributions to total system performance.

| nmean, one way around that would be to design a best robust

wast e package. That seens |ike not the purpose of the

repository. So, I'mnot sure |I'm answering your question.
"' msorry.
ABKOW TZ: That's okay.
DUQUETTE: Dan Bul |l en?
BULLEN: Bul |l en, Board.
Could we go to Figure 12 first? First off, let ne
acknow edge that | understand why you're doing the type of

anal yses you do. You want to look at the barrier inportance
because it's a requirenment of the regulations.

Unfortunately, maybe you' ve even skewed the data a little bit
nore here because you' ve got a one package failure out of

then to the fourth, so, you know, when you show a ten to the
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tenth reduction, it's really only like a ten to the sixth
reduction, because of the fact that you're only failing one
package.

What I'mtrying to nmake a conparison to is the one-
on anal ysis that you gave us last tine. And the one-on
anal ysis started with sort of like a ten to the seventeenth
dose, and | know you're not going to conpare dose, but it
sort of broke down that there was, you know, significant
contribution of the natural system which is kind of |ost
here when you have those curves laying on top of each other.

It looks like in this case, you have, you know, al nost
everything relying on the waste package.

And | understand why you have to do the anal ysis,
but it's alittle bit nore confusing when you do it in this
way, because as you do the one-on analysis, you can really
see sort of the contribution of each barrier. You know, if
there's a ten to the seventh reducti on because of the natural
system and a ten to the seventh or eighth reduction because
of the engineered system it |ooks |like there's an even
contribution. So, | just wanted to point out that, you know,
this is even maybe a little nore artificially enphasizing the

performance of the waste package. But that's just a

statenment. You don't have to comment on that one, unless you
want to.
SWFT: | do want to comment on it. First, part of our
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pur pose here was to stay as close to that business about
showi ng the capabilities consistent with the total
performance assessnent nodels, and our current performance
assessnent nodels, consistent with the information we're
getting fromwaste package design and performance, suggests
one package failure out of--in the system in each
reali zation, one early package, due to a bad weld basically,
so that's where the one cones from | mean, you're right,
you could just nultiply that by the nunber of packages and
nove that curve up

Can | go to the Figure 17? The question of why did
t he one-on anal yses in Septenber show such a big performance
fromthe natural system and this one apparently does not?
It's actually, you know, | want to be careful with how plots
are presented, a lot of that here is the conversion froma
log tinme scale to a linear tinme scale.

The big benefit that we saw occurred in the first
1000 years in those plots in Septenber, except the first 1000
years was out to here in Septenber, and nowit's just out to
there on your linear tinme scale. It's still there. And the
peak com ng out of the UZ in Septenber was out here at 38, 000
years, which is not showmn here. So, it's actually the sane
information with the scal e adj usted.

BULLEN: Can we go back to Figure 13, please? Now that

|"ve conplinmented you and sai d maybe you shoul d, you know,
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show us nore credit for the natural system now | have to
cone back to cladding credit again and ask the relative
guestion. You have a 40x reduction. That's great. | guess
the question that | have, and naybe you' ve al ready worked
this out with the NRC, is the data that you used to justify
the 40x reduction, particularly in light of the fact that a
majority of the cladding that you' re trying to take credit
for hasn't even been fabricated yet, and so when you | ook at
sort of the failure rate of original cladding, and you | ook
at the fact that they're going to go to higher burnup
they're going to get thicker oxide filns, they're going to

have hydrides that may reorient, particularly with the higher

tenperatures that may be in dry storage, it's really hard for
me to see that you take credit for cladding in the engineered
system We're not doing a great deal of analyses of the
spent fuel that's out there to tell me what's the condition
of it. And, so, | know what the as fabricated condition is.

| know how many | eakers you have com ng out of the core.
But to take credit for a 40x reduction for cladding is just
stretching it for me. | guess I'd like to hear your conmments
on that.

SWFT: Sure. M coment on that is | view ny purpose
here to try to portray as fairly as | can what our nodels are
doing, and it's not nmy role here to defend this nodel.

just explained to you what it's doing, and | appreciate your
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comment, and | hope our cl addi ng people have heard that.
BULLEN: Bull en, Board. Just one |ast issue that was
rai sed by a nmenber of the public, asking what happens during
the 300 years, what's the exposure that you expect in the
rel eases to the atnosphere and wor ker exposure, but |
predi cate that on saying that these are all just exanples of
a failed waste package, or do you expect to have worker
consequences identified in the types of doses that you
cal cul at e?
SWFT: | see Tom Doering is here who can respond to the
cl adding corment. But | will field that one first.

No, these are all ained at the post-closure
performance, and there are no doses shown here. But, the
dose cal cul ati ons, dose results that we show were fromtota
system performance assessnent all begin after closure. The
cal cul ation of the worker dose and the dose to the general
public during the operational period is done separately, and
that's part of basically the preclosure safety assessnent.

BULLEN: Thanks, Peter. 1'll acknow edge Tom but [|'1|
ask himdo you want me to give you an answer first, or should
| just let you give it? Go ahead, Tom you can tell us.

DCERI NG  Tom Doering, the person responsible for the
cl addi ng peopl e.

What we' ve been doing to gather that information is

actually we have been working with the industry, with EPR
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and DCE and the NRC, because all those organizations are very
interested in |long-term performance of cl adding these days.
In fact, there was sonme work done just w apped up
cooperatively between DOE and NRC, the Ratan facility,
pul ling out rods out of the old TN facility there and just
| ooking at themall and doing sone dissecting. And, so, we
have data that goes back to |looking at that. That was over
ten years of dry storage data. And we al so have worked with
the industry to get that cladding nodel input fromtheir data
t hat they' ve seen

Clearly, this is a Zirc 2, Zirc 4 cladding. |If
they go to niobiumand things of that nature, we're working
with EPRI and also with the NRC to be conparable with our

nodel s in that sense. So, if sone vendor cones up with a

di fference between Zirc and niobium then we'll have to
denonstrate that it has a simlar performance, and we'll take
that into consideration. So, we are sensitive to that. And

being the first to use the design cladding, it's good

mat eri al .

BULLEN: Bullen, Board. | agree whol eheartedly. And
the test data is actually very good. | guess | would just
strongly encourage you that if you're going to take this

credit, you have to continue to work throughout all of the
reposi tory devel opnent, because as | nentioned, a |lot of that

fuel hasn't even been built yet.
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DOERING Correct. And we realize the different
corrosion rates. Again, for niobium we anticipate a
different oxidation rate, a different build-up rate also on
that. So, that should be taken into consideration.

BULLEN: Thanks, Tom

DUQUETTE: Priscilla?

NELSON: Nel son, Board. | knew we weren't through with
cladding. | knewit. As | understand this, this is a
rewor ki ng of anal yses that have al ready been done.

SWFT: Yes, every one of these has already been done.

NELSON: So, I'd like to verify that first, that it's
recast in a different formby focusing on rel ease rate.

SWFT: O water fl ux.

NELSON: O water flux. But not a new interpretation.

VWhat 1'd like to ask you, though, is you' re doing
this exercise to find the way that you're going to present
this issue in LA?

SWFT: Yes, to neet a very specific regulatory
requi renent back on Page 3 and 4.

NELSON: Right. So, how happy are you with this?
mean, is this the way you think the project is going to go
right now? Are there other attenpts afoot to--

SWFT: There will be sonme version of this, because the
regul ati on asks for capability in terns of water novenent or

radi onucl i de novement, rather than in terns of total dose.
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So, we woul d probably not want to go the nore intuitively
attractive to many peopl e approach of those one-on anal yses
where you see the inpact on total dose. The rule does define
capability as sonething other than total dose.

NELSON: Nel son, Board.

This is the strategy that you think will be the
backbone of making the case, using release rates or water
flux, this is satisfying? |I'mjust trying to see--

SWFT: Yes. M hope is that this will satisfy the NRC
requirenents in Part 63, 115.

NELSON: Thanks.

DUQUETTE: Davi d?

DI ODATO Diodato, Staff.

Peter, turn to your Slide 18. | had a question.
This is the saturated zone break-through curve slide. First,
|'"d like to say that | like this kind of figure because for
one thing, it's conprehensible and you can understand its
meani ng quite easily.

So, on the bottom the footnote there says
saturated zone break-through curves for Carbon 14, 1 odine-
129, Technetium 99 are identical. So, to ne that neans that
you probably treated them as conservative species in this
case?

SWFT: Yes. |It's this one here?
DI ODATO  Ri ght.
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SWFT: Yes. They were just overlaying each other.

They were all treated, | believe, as non-reactive species for
this.

Dl ODATO kay. So, they faithfully represent the
advective loss via the groundwater in the system They
travel with the water systemfaithfully.

SWFT: That would be nmy interpretation. If we had one
of the hydrol ogists fromthe saturated zone here, I'd like
himto field that question. But, yes, that would be ny
interpretation.

DI ODATO Ckay. So, then I |ook at the 10 per cent nmass
fraction break-through at 20 years, so that neans that water
nmust have been noving on average roughly a kilometer a year.

And then | wonder if there's any field evidence what soever

that woul d support that kind of a realization, if you' ve ever

seen any- -

SWFT: | have not.

DI ODATO --isotopes in the saturated zone?

SWFT: | have not. Do we have--Ernie, would you |like
to field that one? |'mnot a saturated zone hydrol ogi st, but
| appreciate the point you' re making.

D ODATO O even the 300 year, for exanple, nedian
br eak-t hrough tine.

HARDIN: This is Ernie Hardin with BSC. To answer that

guestion is a long answer. W have run many cases where
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we' ve studi ed groundwater travel tine in the saturated zone,
and in the unsaturated zone. W have published reports on
t hose cases. W've tried to capture our uncertainty and the
under st andi ng of the nedium and the flow paths and the
chem cal transport processes. These curves include--these
are nean curves.

SWFT: Yeah, these are nean break-throughs from-each
one of those is underlaid by a famly of 100 break-through
curves that typically have steeper slopes and a broader range

of times and the neans are exposed through the m ddle of that

famly.
HARDIN: Right. And, so, the representation of
unretarded transport there is based on the site scale

saturated zone nodel, which includes matrix diffusion, and it
i ncl udes several different nedia types and a hydraulic
structure which we think adequately represents the site.

DI ODATO | nean, no matter how you got there, there
ought to be sone naturally occurring or, you know, bonb
produced radi oi sotopes that would go with the systemt hat
woul d gi ve you sone clue, and if you observe those in that
time frane or not. That's the question. So, | guess the
answer is no, you can't think of any that you' ve seen.

HARDIN. Well, if | could elaborate a little bit, |
t hi nk, you know, you're probably aware of the natural isotope

evi dence that we have for groundwater travel tine in the
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saturated zone. But, there are conplicating issues to
interpreting that, you know, doing a blanket interpretation
that the groundwater has to be 10,000 years ol d.

DI ODATG O 20.

HARDI N. There are issues of m xing source, and so on
like that. | nean, there are promsing lines of inquiry. W
have | ooked down nost of--many of those. But there are al so
uncertainties as to the hydraulic structure, and we know what
t he head gradients are there, and these curves refl ect what
happens to travel tinmes when you incorporate those
uncertainties into the nodel

Dl ODATO Thanks. So, that's the one question. The
ot her one, maybe this is all pre-existing studies, and so
maybe the other question--1 nean, Jerry MNeish said that
there's about 80 or so AMRs that are comng on line. They're
supposed to be done around May to feed into the LA
predi ctions performance. And earlier, there was a
presentation that Jeff WIIlians gave that showed the new
repository layout, and what |I'm wondering is there's sone
parts of this new repository |ayout that didn't exist at the
time of the TSPA-SR.  So, the question in ny mnd is how many
process nodel s have been rerun to reflect this new | ayout
t hat woul d be sensitive in terns of the thermal hydrol ogy and
radi onuclide transport in the unsaturated zone fl ow and, you

know, loading and all these different things that m ght be
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rel evant to prediction of radionuclide transport, and how
many of those do you expect?

SWFT: The relevant ones are being rerun right now, the
unsaturated zone, that's the thermal hydrol ogy nodel. The
rel ease points in the saturated zone will be updated. The
guestion has conme up as to what is the cutoff tinme for the
new i nformation to get into the TSPA-LA nodel. Depending on
what it is, we're sliding through it right now [It's over
the course of the spring. So, we are building the TSPA-LA
nodel as informati on becones avail able fromthese other AMRs.

We expect to have that TSPA-LA nodel built over the course
of the summer and have it running by fall.

Dl ODATO The data density question, we asked that
before. 1s there going to be increased uncertainty with
t hese predictions because of the sparsity of data toward the
north nore relative to the data collected fromthe northern

part of the ESF and south?

SWFT: Wth respect to the site recommendati on vintage
anal yses and the old footprint? | don't know the answer to
that one. That would be up to, primarily up to the UZ fl ow

and transport nodelers, | would say. | don't know the answer
to that one.

DI ODATO  Thank you.

DUQUETTE: Thank you, Peter. Any other questions of the

Board or of the Staff?
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(No response.)

DUQUETTE: |I'd like to close the formal part of this
afternoon's neeting then. | thank all of the speakers, both
for the quality of their presentations, as well as their
keeping us right on time. And I'mgoing to turn the chair
over to Dr. Corradini for the public part of the Board' s
nmeeting this afternoon.

CORRADI NI :  Thank you, Davi d.

We have seven individuals that want to nake
public--1 should say oral comments. First, M. David
Swanson.

SWANSON: | have no comments to nake.

CORRADI NI :  You have none? Okay. And given that we're
at the end of the tine and we have about 20 mnutes, 1'd |ike
to hold themto less than five m nutes apiece. M. Jerry

Szymanski ?

SZYMANSKI : My nane is Jerry Szymanski, and |I'mthe
president of--1 engage in oil exploration. | have al so been
a persistent critic for the last 20 years of the DOE program

|'ve also witten a book which will be published
quite soon on Yucca Mountain. At ny initiative, | have
encour aged ny--the Russian scientist--to attend this neeting.

| do have two basic points to nake. The first one is we
view the Board as an ultimate body scientifically, which

advi ses the Secretary, the President and the Congress.
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The second point which is of particular interest to
us is a letter which was provided to DOE with reference to
the issues we are concerned with, or | personally have been
concerned for the last 20 years. Now, that letter had the
effect of basically closing the issue of so-called optinmm -

CORRADINI: I"msorry, could you repeat what you sai d?
Cl ose the issue, the so-called issue of?

SZYNMANSKI :  Optimumcoring. And the third point is it
reviews this letter as being extrenely instrunental to the
Secretary's decision to recomend Yucca Mountain, the
President's decision to approve the recomrendati on, and
ultimately the decision to over-ride the State of Nevada's
letter, which that letter was very, very ill-advised.
therefore, prior to publishing our book, which we will be
doing prior to licensing, we would Iike to offer to the Board
a prelimnary | ook at the material which we have gathered
together, with the hope that the Board will revisit the issue

and advi se the highest |[evel of the government accordingly.

| would like to pass two disks for a review of the book, if |
may.
Thank you for your attention.
CORRADI NI :  Thank you. | would suggest you give it to
the Staff. OCkay, thank you.

Ms. Sally Devlin, Ms., excuse ne.

DEVLIN:  Again, welcone to Nevada and thank you for this
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lovely neeting. It's always fun to talk at the end, because
| always tell you jokes. And I'mreally disappointed in
Peter's presentation, because he didn't tal k about Abe and ne
playing gin runmmy for 300 years on top of both repositories.
You know, you only start once it's closed. That's not fair.

The second thing is | think the USGS shoul d do as
we saw i n Pahrunp, take satellite pictures where they found
the five mle | ake, the length of Pahrunp, but on the other
side of the mountain in California two and a half mles down.

And all | hear again is nodelling of water, water, water,
water. So, take satellite pictures, the USGS does a

wonder ful job, and many on the Board have ny report, and |
hope they'll share it wth all the rest of the menbers, and
especially the new ones, bring everybody up to date. Good
orientation, you know, that's ny m ddle nane.

The other thing is about the--that I'mreally going
to bring up and I have to talk to you about, and that is in
1995, we fornmed the NRAMP group at the university, the
Nucl ear Ri sk Assessnment Managenment Program and one of our

speakers at that group, we did radiation and water at the

test site, and | include Yucca Muntain, which was not
included then. Now, we're tal king 1370 square mles. Yucca
Mountain is 25 square mles with sone of the Tonopah test

range. And this was on the clean-up, and the first thing

with Al Alms and Leo Devers, 95 per cent of the test site



© 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

296

coul d not be cleaned up. So, we're tal king about 1320 square
m | es exception, the 25 square mles for Yucca Muntain.

Now, ny feeling is, and this is the wonderful thing
about this Board, and especially for you new people, as |
understand it, you are finally recognizing that Yucca
Mountain is on the test site, and all the dirty water and the
coll oids and the bugs, and God knows what all, will flowinto
Yucca Mountain, including the EPA stuff that | told you about
with all the cows and all that. So, | brought with nme a
1996, March of 1996, FFACO report. And does anybody know

what this report is? Has anybody ever seen it? Okay, this
is the State of Nevada, Departnent of Conservation and

Nat ural Resources Division of Environnmental Protection, and
the United States Departnment of Energy in the matter of
federal facilities conpliance act consent order.

And what this was, and it has been updated, it's
current at the University of Nevada, and it shoul d be
everywhere because it tal ks all about the conpliance with the
test site, and ny feeling is that's what you guys are going
to get at Yucca Mountain. And it should be reviewed, and
there should be sone kind of an agreenent for the 25 square
mles of Yucca Mountain with this sort of thing with the
State of Nevada, and | don't know if there ever has been.
So, that is the FFACO agreenent that is updated, FFACO

And | ast, but not |east, since you're going to
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ignore Abe and nme sitting there playing gin rumy on the two
Yucca Mount ai ns, because there is no stewardship funding, and
it really bothers ne because | certainly don't want to get
irradi ated doing our job, so | do hope that we, the public,
wi |l be considered, because the first 300 years are the nost
inmportant. And at the DOE/ NRC neeting in Novenber, we were
prom sed that there were 295 things that had to be done, and
50- sonet hi ng had been done. And you prom sed to get reports
to us. W have never heard or seen or snelled anybody or
anything, and we would certainly like to. This is what the

public wants to know, is the information flow.

And, with that, | |eave you, and thank you for
comi ng
CORRADI NI :  Thank you. Qur fourth public comment is by
Ms. Judy Treichel.

TREI CHEL: Judy Treichel, Nevada Nucl ear Waste Task
Force. | just have sort of a laundry |Iist here, because we
have new people here that are not regul ars over decades |ike

the rest of us have, and | just wanted to nention a few of
the things that were said today.

| really liked Priscilla Nelson's question about
sci ence and technol ogy, because |I think it's very
appropriate. This thing is being treated as though there's
sonme sort of a crisis, and there is the need for a

repository. There's no crisis of need and there's no crisis
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of time, and it's alnost as though it's a race, and you've

got the science trying to keep up with the technol ogi cal

fixes.

And Margaret Chu nentioned that we will increase
public confidence with short-termwi ns. WlIl, that kind of
goes along with that race scenario as well. And | probably

can tell you with a lot of confidence that you won't increase
public confidence with short-termw ns, because we've been
here for the long-term and we're not seeing that.

There was al so anot her good conment by Mark
Abkowi t z about rel ooking at worst case scenari os now t hat
we' ve endured 9/11, and we sort of did that together. That
happened during a Technical Review Board neeting. And during
one of the, | think it was Joe Farner that was talking in his

presentation about the fact that you need to | ook at the

pl ausi bl e i nstead of the possible. Well, we all learned a
| esson on 9/11. There weren't any of the people that got
onto any of those airplanes that thought they were either

going to go into a building or have to take the plane down.
But now that terrorismis here, one of the things
that it's built on, and I"mnot a big person that goes around
being afraid of terrorismat all times, but | do think in
sonmething that's got the potential, |ike nuclear waste
travelling around the country, or in fact being consoli dated

in one place, that you do have a potential if in fact there
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are terrorists out there, but | do think you have to give
some nore thought to the possible.

We before were not even supposed to be using the
term worst case scenario. W were always supposed to use the
reasonabl e case. And we found out that reasonable stuff
doesn't always hold the day when we had the terrorismthing.

But in seeing sone of the presentations fromthe
Department of Energy, this is alnost |ike the President
trying to nake the case for the war. You know, tonight, now
tonight is the night he's really going to nmake a case for the
war. And we keep going through these things, so sonebody
keeps trying to nake the case for Yucca Mountain. And there
was a question fromone of the Board nenbers about as far as
netal failure was concerned, that it wasn't clear that that
woul d happen in the repository. Well, that's not the
question. The question is is it clear that it won't happen.

And the thing that keeps getting lost is that it's
not the job of the Departnent or the Board or any other, the
NRC, any of the other agencies, to assume that Yucca Muntain
is good, and to leave it up to Nevada, or any other group to
prove that it's not. Real science, real investigation
assunes that there's sonething wong, and you have to prove
to yourself that there's not. So, it's always been sort of a
backwards case. And everyone, especially the Board, who we

have depended upon for so long, has to be able to accept the
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fact that maybe there is an insurnmountable problem or a
problemthat it doesn't nmake sense to try and put a fix on.
And there may be one of those problens, and you have to have
the courage to say so.
And that would be the end of ny comments. Thank
you.
CORRADI NI :  Thank you. Qur next comment is by a Ms.
Kal ynda Ti |l ges.
TILGES: Kalynda Til ges, Shundahai NetworKk.
A lot of people in this room nmenbers of the Board,

al ready know ne and ny feelings on this, and |I'm not going

to--1"ve got a few comments and a few questions, and just to
let you know, | did pare it down quite a bit.

|'"'mvery glad to see you all here. 1t's good to
see famliar faces, and I'mhoping in the future |"l

consider it good to see the new faces as well. [|1'mglad
Priscillais still with us, but I sure would have liked to
have seen a little nore gender equity.

And |'ve said this before, and | realize site
recommendati on has al ready happened, but | cannot get past
the point that every tinme | cone to these neetings, there
seens to be talk and talk and talk and nore tal k about water.

And | think this is kind of interesting for a site that's
supposed to have been picked for its incredibly dry |ocation.

Just a little irony.
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Sonme questions | had on, and this is kind of a
problem M. Chairman, about waiting until the end to speak,
because a lot of tinmes if you have questions to ask about
presentations, at the very end, a |lot of the people that have
done the presentations are gone and there's no one to answer
the questions. But, |I'mgoing to ask them anyway.

In Jeff Wllianms, | believe it was, presentation,
he was tal ki ng about waste acceptance planning is very
difficult. And I was wondering if it's so difficult, why
doesn't the DCE just change the rules like it did with the
Nucl ear Waste Policy Act on siting guidelines? It's only a
contract. | nean, those were |aws, and they got changed.
Contracts shoul d be easy enough.

Al so, since the Nucl ear Regul atory Conm ssion has
abdi cated responsibility on including terrorismscenarios for
cask testing, | believe the DOE has within its capabilities
and its responsibilities to require it. Certainly, for an

agency who is prom sing safety, that would be the | east they

coul d do.

Al so, Mark Peters nentioned about sanpling resident
wells in Amargosa Valley. |'mcurious to know whose and
where. There is a farner out there by the nane of Ed

Goodhart who runs the largest dairy in the State of Nevada, a
| ot of organic dairy products and neat that feeds over 30

mllion people on the West Coast. His closest field is five
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mles away from Yucca Mountain, and his water, and his famly
lives right there, all the workers of the farmlive right
there, so | can consider it a residential area. And the |ast
time | talked to Ed, he still had absolutely no contact
what soever with the Departnent of Energy fromthe very
begi nning of the project. Certainly he's seen themdriving
up and down his roads taking pictures, but they've never
stopped to talk to him So, if you're sanpling, 1'd like to
know i f you're sanmpling those wells, or exactly where. As
far as I know, you're not sanpling his.

PETERS: Can | find out?

TILGES: Sure, | would | ove answers to these questions.

| don't always expect them but 1'd |ove to get them

PETERS. WMark Peters, BSC. | can find out very easily
by talking to the PI. | wll get you an answer. Gary
Patterson is the one who's doing that work, and | can get you
t he nanes and addresses of the folks that he's referring to.

TILGES: kay.

PETERS:. | don't have a specific answer, but | can get
that for you

TILGES: Geat. |I'll get you ny contact information.
Thank you.

Okay, the last thing 1'd have to say, and forgive

the flippancy of ny remarks, but | tend to deal with

stressful situations by hunor. This whole Yucca Mouuntain
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issue is extrenely personal to ne, not only in ny job, but I
ama very long-tinme, |I've lived in Las Vegas for over 20
years, and up in Northern Nevada before that. | was in
California before this, which is probably ny favorite pl ace
to live, but Nevada is the place that has bl essed ne the
nost. Just a quick bit of information you probably don't
need. | was di agnosed as absolutely sterile, never able to
have children. | canme to Nevada, and | have three, and a
grandchild now. So much for fertility tests. Hopefully,

t hey weren't using nodelling.

So, this is very personal to ne. | care very much
about this state. This is ny hone. This is ny children's
honme. This is ny grandchildren's honme. And as executive
di rector of Shundahai and a long-time anti-nuclear activist,
| consider this issue--1 consider nyself an advocate and that
it'"s inmportant to ne to help protect and stand up for the
citizens of Nevada. And, so, ny remark to you is if you
real ly expect that, then | believe that you should devel op an
of fice of wshing upon a star, because | believe that's the
only way you're going to be able to get this dream passed
t hrough. Thank you very nuch

CORRADI NI :  Thank you. Qur next public coment is by
M. John CGervis. Did | mspronounce it?

GERVI S:  Cervi s.

CORRADI NI :  Gervis. Excuse ne.
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GERVIS: 1'mJohn Gervis with Latei Engineering
Consul tants, and I work with Cark County and Inyo County and
Wiite Pine County. | don't have any fertility stories to
tell. 1'msorry.

But | did see the Board's note and the letter in
Sept enber about believing that the DOE's conmm tnent to junp-
starting transportation planning and activities is
inperative. And | saw the Departnent's response to that.
And | think the concern that | wanted to express is that
given the potential short-fall in funding in fiscal year
2003, and the considerabl e pressures that the Congress has
pl aced on the Departnment of Energy for conpleting the |icense
application by the end of 2004, there is the potential here
for a squeeze on transportation. And | hope that the Board
will continue to enphasize the inportance of continuing with
the transportation planning part of the program despite the
constraints that DOE will be seeing probably in this budget
that's about to come out this week.
So, | guess that's basically all | have to say.

CORRADI NI :  Thank you very nmuch. And, finally, our |ast
comment is by M. Joe Payer.

PAYER: Thank you, M. Chairman. |'mJoe Payer. |'m
Prof essor of Materials Science and Engi neering at Case
Western Reserve. For sonebody that's followed the waste

package performance and that over the | ast several years



© 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

305

pretty closely, I'd just like to sort of end today naybe with
alittle of ny personal perspective onit. And it goes back
to a couple of pretty sinplistic relationshi ps.

The corrosion performance, which in this case is a
perforation of the package, is going to be determ ned by the
mat eri al resistance of the alloy selected, and the
corrosivity of the environment. And the alloy has been
sel ected now, and | think there's general agreenent that the
ni ckel , chronme, nolybdenum alloys, alloys of that ilk,

represent the nost corrosion resistant materials that we have
for oxidizing, acidic oxidizing environments that represent
Yucca Mount ai n.

The big question mark conmes into themthat wll
determ ne perforations and when they'll occur is this
description of the environment. And we heard a coupl e at
| east very el oquent presentations today that addressed that
issue. There's been a |ot of work done on that issue. But I
come back to sonething that Priscilla Nelson nmentioned early
on here, and that is tell the story, the full story.

And | think what's really necessary in this is it's
been shown that the pore waters and the fracture waters out
there in the unperturbed state are benign. | nean, they're
just not a problemfromcorrosivity. It's also been shown
very clearly, though, that as those concentrates, or as those

transform in the term nol ogy that Roger had us using, that
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t hey can becone, under special circunstances, they can becone
quite corrosive. Ron Latanision nentioned that any materi al
is susceptible to corrosion in some place. GCkay?

So, | think that the next step is with all the data
that we currently have, and the additional data that we're
going to be getting, is what's the likelihood of those
speci al corrosive environments to occur, and al so considering
the tenporal range. Over what tinme period would they occur?

How woul d they persist? And if it can be shown that there's
a high likelihood that they would form persist, or reform
for long periods of tine, then | think they will penetrate
All oy 22.

If it's shown that that's really an unlikely
scenario, that the environnment is nodul ated as the corrosion
proceeds, or as the deposits proceed, then it's not so
likely. So, it gets back to this key issue again of where
are the realistic boundaries. And | think there's been sone
very good work done for that. | think it's time perhaps for
nore of a chem cal engineering approach of how | ong woul d

t hey occur, under what conditions would they occur.

Thank you.
CORRADI NI :  Thank you very nmuch. And | think that ends
the public coments. | wanted to thank the staff for
preparing for this, and the Departnent of Energy, the State

of Nevada presenters, all those in the public part of the
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1 meeting. And, we're adjourned.

2 (Wher eupon, the neeting was adjourned.)



