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PROCEEDIL NGS
8:05 a.m
CORRADI NI :  Good norning. It's ny pleasure to wel cone
you to the spring neeting of the U S. Nucl ear Waste Techni cal
Revi ew Board. My nane is Mke Corradini, and |I'm Chair of
t he Board.

As many of you are aware, the full Board neets
three to four times a year. W hold many of our neetings in
Nevada to provide the citizens there with an opportunity to
observe and question the material that's presented. W also
try to hold one neeting a year in Washington to make it nore
conveni ent for our federal congressional decision makers to
attend, and that's why we're here today.

As many of you know, the Board was created in the
1987 amendnents to the Nucl ear Waste Policy Act. Congress
established the Board as an independent federal agency to
eval uate the technical and scientific validity of activities
of the Secretary of Energy related to the di sposal of
commer ci al spent nucl ear fuel, and defense high-1|evel nuclear
wast e.

The Board is required to report its findings and

recommendations twice a year to Congress and to the Secretary
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of Energy. The President appoints Board nenbers froma |ist
of nom nees submitted by the National Acadeny of Science, and
the Board is, by |aw and design, a nulti-disciplinary group
conposed of eleven nenbers with a wide range of activities.

Let nme introduce the Board nenbers again to you
today. As | introduce them | would like themto raise their
hand to be identified. Let nme rem nd you that we all serve
in a part-tinme capacity. W have other jobs. In ny case, ny
full-time job, I am Chair of the Department of Engineering
Physics at the University of Wsconsin, Madison. M area of
expertise is in nuclear industrial safety, with enphases on
subjects involving nulti-phase flow and heat transfer.

Mark Abkowitz is a Professor of G vil Engineering
and Managenent Technol ogy at Vanderbilt University in
Nashvill e, Tennessee, and is Director of the Vanderbilt
Center for Environnental Mnagenent Studies. H s expertise
is in the areas of transportation, risk managenent, and risk
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 our Panel on Repository System
Performance and I ntegration.

Thure Cerling is a Distinguished Professor of

Geol ogy and Geophysics and a Distingui shed Professor of
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Biology 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 geol ogical, clinmatol ogical, and

ant hr opol ogi cal st udi es.

Norm Christensen is a Professor of Ecol ogy and
former Dean of the Ni cholas School of the Environnment at Duke
University. His areas of expertise include biology, ecology,
and ecosystem managenent. Norm Chairs the Board's Panel on
Wast e Managenent Systens.

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

Davi d Duquette is Department Head and Professor of
Mat eri al s Engi neering at Renssel aer Polytechnic Institute in
Troy, New York. His expertise is in physical, chemcal, and
nmechani cal properties of netals and alloys, w th special
enphases on environnental interactions.

Ron Latanision is a Professor of Materials Science,
Prof essor of Nucl ear Engineering and Director of the HH
Uig Corrosions Laboratory at MT. His areas of expertise
include materials processing and corrosion of netals, and
other materials in different aqueous environments. Ron is

al so a founder and Chairman of the MT Council on Primary and
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Secondary Education. He Chairs the Board' s Panel on the
Engi neered System

Priscilla Nelson is Senior Advisor to the
Directorate for Engineering at the National Science
Foundati on. Her areas of expertise include rock engineering
and under ground constructi on.

And, Richard Parizek is Professor of Geol ogy and
CGeoenvironnental Engi neering at Penn State University, and
he's al so President of Richard Parizek and Associ at es,
Consul ti ng Hydrogeol ogi sts and Environmental Geol ogists. His
areas of expertise include hydrogeol ogy and environnent al
geol ogy.

So, that's all of us, and the staff. |'m not
allowed to say that, but it's an excellent staff, so | want
to make sure you're aware of themall, and you will neet them

as we go al ong.

Let me now turn to our neeting agenda. First this
norning, we'll hear fromDr. Margaret Chu, Director of the
Ofice of Gvilian Radioactive Waste Managenent. Dr. Chu

wi || update us on the status of the Yucca Muntain Program

Fol | owmi ng her presentation, John Arthur, Director
of the Ofice of Repository Devel opnent, will present an
overview of project activities, including |ong-range plans
and project priorities for science and engi neeri ng.

After a brief break, we nove to the central purpose
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of today's neeting. As you may be aware, in various reports
and public statenents over the past decade, the Board has
expressed concern about the uncertainties created by the
effects of high tenperatures on the repository system |In
the | ast year or so, several things have happened that are
relevant to the issues of thermal effects on repository

desi gn.

For exanple, in February 2002, the DCE subm tted
its site recormendation to the President, which included
options for both high and | ow tenperature repository
operating nodes. Mre recently, new data related to the
corrosion of Alloy 22 at el evated tenperatures have becone
avai | abl e. These things have sharpened the Board's attention
on this issue.

So, today, the Board has asked the DOE to descri be
clearly the thermal aspects of their high-Ievel nuclear waste
repository design and operating node, how the thermal aspects
of that design and operating node were anal yzed for waste
isolation, and the results of those anal yses.

To address that question, the DOE has assenbl ed a
connected series of in depth presentations. Particular
speakers and topics wll be described in nore detail by our
Session Chairs, both today and tonorrow.

And, now, for a few inportant business itens before

we begin. First, the Board val ues public participation, and,
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so, we have given the public a variety of ways to comrent
during the neeting. W have set aside tine for public
comment at the end of the sessions today and tonorrow. |[f
you would like to speak during those tines, please add your
name to the sign-up sheets at the registration table where
Linda Coultry and Linda H att are seated. Were are they?
At the very back outside. CQutside, okay. | was |ooking for
t hem

Most of you that have attended our neetings know
that we try to acconmpbdate everyone, but as you can see, we
have a relatively tight agenda, and dependi ng on the nunber
of people who wish to speak, we may be forced to ration our
time. As always, you are also welconme to submt your
comments in witing for the record. |If you have questions
that you' d like to have the Board ask and that relate to

topi cs being discussed, please give themto Linda H att or

Linda Coultry, and we'll ask the questions if tine permts.
Second, | want to invite any of you who are

interested to provide comments on the Board' s updated

strategic plan for fiscal year 2003 through 2008, and its

performance plan for 2004. Copies of both are avail able on
t he docunents table in the back of the room or on the
Board's website, www. NWRB.gov. W wel conme your suggestions
for inmproving the way the Board conducts its neetings, and

the topics on which it will focus in the com ng year.
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And then, third, | have to offer our usual
disclaimers for the record, so that everybody is clear about
t he conduct of our neeting and what you're hearing and the
significance of what you're hearing.

Qur neetings are spontaneous by design. Those of
you who have attended our neetings before know that the Board
menbers speak quite frankly and openly about their interests
and opinions. But | have to enphasize that when we speak
with our, | say extenporaneously, they're speaking on behalf
of thenselves and not on behalf of the Board. Wen we are

articulating a Board position, we'll be sure to let you know.
Al so, when Board positions are stated in our letters and
reports, they will be available at the Board' s website.

Finally, I'll ask all of you who have not already
done so to please switch your phones and pagers to silent
node. O el se.

Let's now start the neeting by introducing Dr.
Margaret Chu, Director of the Ofice of Gvilian Radioactive
Waste Managenent. Dr. Chu will update us on the status of
the project.

Mar gar et ?

CHU:. Good norning. Thank you for giving ne the

opportunity to provide an update on our program

One inportant activity that |I've engaged in since

our last neeting with the Board is what el se, budget, is the
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support for the programs fiscal year 2004 budget request
before the Congress. In ny budget testinony, | stressed that
the programi s key overall objectives are to submt a high
quality license application in Decenber 2004, and to begin
recei ving and enpl aci ng waste at an NRC | i censed Yucca
Mountain repository in 2010.

And these goals remain, despite the final
resolution of the fiscal year 2003 budget under which we have
received $457 nmillion, which is $134 nmllion |l ess than our
request. Coupled with five nonths of continuing resolution
at the beginning of fiscal year 2004, it was a very drastic
reduction and inpact to our program

So, the Departnent of Energy and then our
contractors have reviewed the programpriorities, and are re-
aligning the activities to reflect the avail abl e funding.

Qovi ously, sone activities will have to be reduced or
deferred. Later, John Arthur will summarize for you the
results of this replanning and what it neans.

For fiscal year 2004, we requested the sanme anpunt
as '03, which is $591 nmillion. This request includes funding
for conpleting the technical products required for |icensing,
devel oping the license application, performng the work for
Nevada and national transportation, and conducting scientific
and technical work to achieve cost reduction and systens

enhancenent .
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In ny testinony, | also indicated that the program
woul d not be able to neet the 2010 waste acceptance objective
shoul d funding fall bel ow our requested |evel for '04.

We're continuing to work towards submtting the
i cense application in Decenber of 2004. The key activities
i ncl ude designs, total system performnce assessnent,
precl osure safety analysis, and then addressing the key
techni cal issue agreenents.

Anot her key activity is the certification of the
i cense support network six nonths before we submt a |license
application. You all knowthis is the el ectronic database of
all the work, all the relevant work fromthe program W now
have a contractor on board to support our |icense and support
network effort. This conpany has extensive experience in

preparing el ectronic docunentati on and databases, simlar to

the LSN. So, I'moptimstic about neeting our schedule in
this area.

Since | briefed you in January, | have al so
continued to inplenment our plans for strengthening our

program organi zati on as a disciplined culture that val ues
safety and enbraces quality. Qur program s new | eadership
teamis alnost in place. At the last neeting, you net John
Arthur, our Deputy Director of Repository Devel opnent, based
in Las Vegas. Since that neeting, John Mtchell, who's

somewhere in the audi ence--yeah, John Mtchell back there has
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taken charge of BSC as the new President of our MO
contractor. And M ke Mason has taken the position as BSC s
new Qual ity Assurance Manager

I n addi tion, we have Ml col m Knapp recently joining
our DCE team Malcolm whom sone of you may have known, has
extensi ve experience fromthe NRC. Al so, |I'm|looking forward
to announcing in the very near future the selection of
individuals to fill the final three inportant positions,
Deputy Director at Headquarters, Transportation Director, and
a Systens Analysis Director. | hope to announce themin the
very near future.

| intend this managenent teamto represent a
significant new way of doing business, and to |ead the
program successfully through |icense application and beyond.

Last nonth, | issued the Phase 3, that's the final
phase of our program manual, which defines roles and
responsibilities for each functional area in the
organi zati on, and enphasi zes formal relationship between DOE
and the contractors.

In a related area, DOE and BSC initiated a Rolling
Qual ity Focus process to ensure that the | eadership teans
vi sion, expectations and commtnents on quality are
understood by the whol e organi zation. John Arthur will be
telling you nore about this initiative, and ot her managenent

tools he's using to ensure that our licensing activities are
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progressing well.

Now, I'd like to touch on sone of the topics that
our speakers will be addressing in depth for the neeting. As
you are aware, the project is in the process of updating and
finalizing our technical basis and support of the |icense
application. This includes updates of analysis and nodel
reports, AMRs, and the Total System Perfornmance Assessnment in
t he postclosure period. Along with updating each of these
pi eces, we are paying special attention to putting them
together into an integrated "story" of system perfornance.

While it may be natural or necessary at first to
anal yze discrete elenments of performance, it is very
inmportant to be able to eventually assenble all the rel ated
pi eces to develop an integrated and a realistic picture of,
for exanple, the near field environment. W intend to
continue to mature these types of integrated story for the
total systemas we nove forward to license application to
present an integrated view of system performance, and to
communi cate effectively to a variety of stakehol ders.

| believe this integrated approach will also
provide insights to the resolution of the KTIs. Accordingly,
the majority of today's presenters will focus on an
i ntegrated discussion of performance of the unsaturated zone
in-drift, particularly focused on coupl ed processes, in-drift

chem cal environnent, and | ocalized corrosion. |''m sure
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there will still be questions after today's presentations,

but 1'm hoping this integrated approach will begin to provide
the logic, explanations, and the assunptions for the
evolution of the near field environnent.

As | said previously, our priority is to submt a
high quality license application by Decenber '04. | want to
enphasi ze the inportance al so on the ongoing science in our
program Mark Peters wll provide an update on the ongoing
testing programtonorrow. The performance confirmation
programw || continue throughout the preclosure period, and
it wll be a condition of the NRC |icense. Detailed planning
for this programis ongoing, and we stand ready to provide
updates to the Board in the future neetings.

You are well aware of ny conmtnent to a long-term
science and technol ogy program W' re nmaki ng good progress
in devel opi ng the science and technol ogy program You wl|
hear nore on this topic fromBob Budnitz tonmorrow. The Board
has previously noted the chall enges we face in working within
a very constrai ned budget environment, in which trade-offs
and reductions nust be nmade sonewhere.

Wiile we are focused on the preparation of the
Iicense application, | recognize, and in ny congressional
testinmony, | have stressed the inportance of providing
adequate support for all of the pieces of the puzzle that we

need to conme together, including transportation, science,
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technol ogy and others, as well as, of course, the |icense
application devel opnent. As we continue to adjust our plans
to reflect our current budget outl ook, and | ook forward to
the FY '04 appropriations, | will keep all of these
priorities in mnd.

Finally, let ne update you on sone of the topics
that are not on today's agenda, but in which I know you are
interested. In the areas of design, | want to nention that
we are maki ng good progress toward finalizing the design,
especially for the surface facility. W are also noving
forward rapidly in the area of performance confirmation. |
hope to be able to brief you on these topics in the very near
future

Now, we're currently | ooking closely at our
transportation plans. You know the devel opnent of a
transportation systemis one of the nost critical elenments
for a successful repository program It is also one of the
nost challenging, as it involves devel opnent of the
infrastructure, fleet acquisition, cask requirenent,
| ogi stics, and support managenent and emnergency response
r eadi ness.

| want to thank the Board' s Panel on the Waste
Managenment System conducting a productive neeting with us in
February. As the Board' s Panel has noted, engagenent with

st akehol ders in the devel opnent of the transportation plan is
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essential, | agree. Qur transportation plans nust naintain
flexibility and offer the ability to handl e conti ngenci es.
We're working to advance these plans and communicate the
plans in a way that will make stakehol der engagenent nost
productive for all concerned, and then actually I'Il make
sure the stakehol der involvenent is one of the budget
elenments in the '04 and ' 05 and beyond budget in the
transportati on space.

And then | hope to report to you nore definitive
activities in the transportation area in the near future.
And | think when the new Director cones on board, and it wll
be about the tinme we finish a |lot of the scenario analysis

we're doing right nowin transportation, and |ike | said, the

inmportant thing is given all the uncertainties down the road,
the timng and everything, | want to nmake sure we do the
right planning, with enough flexibility and contingencies so

that we always get there.
| appreciate the Board' s continued invol venent as
we nove forward, and I will be happy to answer any questi ons.
Thank you.
ABKOW TZ: Abkowi tz, Board.
| have a couple of questions on transportation. |
know that it's still undergoing sonme sort of big picture
thinking with the agency. You nentioned at our neeting |

believe in January, and | believe it was reiterated at the
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Panel nmeeting in February, that there was a strategic
pl anni ng process underway, and that a strategic plan was
going to be prepared and avail able | guess sonetine this
summer. So, | was curious to know whether that is still the
schedul e.

And, you also nentioned a commtnent to, you know,
greater and continuous stakehol der involvenent, and | was
al so curious to find out when those stakehol ders were going
to be invited to start participating in this process.

CHU. The strategic plan, our plan is to issue by the
end of the fiscal year, so it will be the Septenber tine
frame. That's our plan. GCkay? And then we will get the
st akehol ders invol ved before we finalize that, so they wll
have a chance to work with us on the draft. And then that's
one of the things we're looking at. There are a couple of
opportunities between now and the next couple nonths, we'll
probably start that process even before we wite the draft,
and get sone of the key topics out in some kind of form

That's what we're planning right now to get stakehol ders

i nput on these.

And part of the institutional plan is--not
institutional--the strategic plan is we're hoping to have
some conpani on docunents, like institutional plan, which is
really the stakehol ders' involvenent on that, and then

hopefully, there will be a business plan, which | can't
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prom se you the timng, you know, how it relates to the
strategic plan, but we would like to have a business plan and
tal k about acquisition plan, |like how do we plan for the
procurenent part of the transportation system Because we're
going to involve a whol e bunch of procurenents from DOE on
casks, on fleets, on, you know, HAZMAT, so we want to make
sure all these are thought through. And we call that the
busi ness plan. On the side, there's an institutional plan
that's the stakehol ders' involvenent, who and what and when

and how, how they becone part of the eventual energency plan.

And then they sort of get synthesized. At least that's how
| viewit, they get synthesized into a strategic plan. So,
that's a rough plan right now, and then our plan is still get
the strategic plan out by the end of the fiscal year.

NELSON: Nel son, Board.

Mar garet, you spoke about an integrated story of
system performance, having a realistic picture, accenting on
integration and putting the pieces of the puzzle together.
| "' m wondering what does a safety case nean to you? And wll
there be sonmething called the safety case created?

CHU. | wouldn't use that term safety case, because
there's so many interpretations of what that termis. To ne,
what | call the story is really how do you communi cate a
conplicated systemthat has so many pieces, and we have put

our work and scientific work together, and how do you pul
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all that together and explain. And, for exanple, I'm hoping
today you will get a feel of what our approach is, is what is
the evolution of the near field, what are the pieces that
support that picture.

So, |I'm hoping, you know, eventually, if not by the
end of this neeting, is, you know, down the road, and peopl e
under st and, yeah, okay, this is how the, fromthe unsaturated
zone down to the in-drift environment, these are the
influencing factors as a function of tine, and all the
thermal conditions, chem cal conditions, we pull that al
together. These are the domi nating things, and these are the
things that may or may not happen, but we believe these are
important things to happen. Therefore, we can't ignore it,
and these are the things that will be nore inportant as tine
goes on, and that you describe the whole evolution and then
present the logic and the evidence behind it.

|"msure there's still issues in the whole
approach, and in the details. You know, there may be gaps
here and there in the story, but I'mhoping to pull it out
together so we all can talk about it, because |I know there
are a lot of issues related to the near field environnent.
That's why we picked that topic, and it addresses a | ot of
the thermal issues, and it addresses a |lot of the corrosion
conditions, and what is a realistic condition in the near

field fromday one to 10,000 years, and why we believe that's
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the evolution, and what is the evidence that supports that

pi cture.

And then | don't knowif you want to call it a
safety case or not, but I wouldn't call it a safety case,
because safety case has its own neaning, | think, outside.

This is just the integrated story.
NELSON: Nel son, Board.

Many ot her projects are using the concept of a
safety case and a docunent that mi ght be called a safety
case. Wuld there be a docunment that would do substantially
t he sane conveying of information? | mean, the TSPA by
itself doesn't tell the whole story. So, wll the project

produce a docunent that effectively does that?

CHU. W haven't thought through that. You know, the
way | look at it, I'lIl see howit goes. And it could be in
some kind of summary document, or it could be part of the

license application. | don't see why it wouldn't be there,
sonme kind of summary, you know, at certain chapters. |
really don't know right now, depending on how it gets pulled
t oget her, whether it does convey the nessage, as it should,
and whether it communicates well with this approach. So,
that's where we are. W'|| see whether it works well or not,
and then the Board would be telling us whether it's working
wel | .

PARI ZEK: Pari zek, Board.
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| was just going to pick up on the sane thenme, and
that is | think the international community al ways | ooks for
a safety case, and it's nore than TSPA, and w thout one, wl|
we have the sanme credibility as a nation as if we had one and
it was well put together. So, | would sort of endorse it.

The ot her question, though, was related to the
budgeting for the stakeholders. Do you visualize noney being
provi ded to stakeholders so they get involved in this process
actively, or do you feel they will be there in any event,
just as long as you allowtime to do this?

CHU:  You know, in the past few years, we have been
providing a small amount of noney, what we call cooperative
agreenment funding to groups of folks. And then these just
attend nmeetings and talk to us. These are |ike $50, 000 per
year range. They are a snmall amount. But we are revisiting
all of that to see what it neans. You know, do we want to
extend to a broader community? This is all part of that
institutional plan.

PARI ZEK: There are many peopl e who have a probl em
attendi ng the neetings where they're held, and even for the
Board to go to different |ocations to seek out people's
concerns i s expensive for people. So, you're thinking about
sonme budgetary hel p along these |ines.

CHU. Right. Yeah. So, this is all part of a plan. W

going to see what interactions we need, you know, what's
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possible, will these people be able to cone, and then this is
all part of that.

PARI ZEK:  Thank you.

CHU. Thank you.

DUQUETTE: Duquette, Board.

Margaret, would you be willing to share with us how
you anticipate taking the 20 or 25 per cent cuts that you're
tal king about? That is, will it be across the board, a
reduction in funds for all of the prograns, or are you

pl anni ng on cutting out some of the prograns, and so on and

so forth?
CHU. It's 22 per cent. Yeah, John Arthur will actually
give you a rundown, a detailed, fairly detail ed rundown,

whi ch areas we're going to be cutting, which areas will be
deferred. And, so, John, right? You're going to give a
fairly good summary.

DUQUETTE: Thank you.

CHRI STENSEN: Margaret, Bill may be covering this, but
in many of your past presentations, you've enphasi zed your
support for maintaining a science program and | just wonder
in this general m x of things, where is that anong your
priorities? Howis that likely to fare in the current budget
situation?

CHU. You know, for '03, we requested only $2 million

for current year, because we've just barely started. And
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we're basically maintaining that. | think it's very close to
$2 million. Bob may be able to tell you, 1.8 or 1.7 that we
are keeping. And for the '04 budget request, we're putting
ina $25 mllion request. And it then depends on what
happens with the appropriation, and so on. And for 'O05,
which we're actually starting that planning process, we are
t hi nki ng of even up to maybe $30, $35 nmillion range. So,
we'll see howreality inpacts our decision, but it is, like I
said, it's a very high priority for me. And then | wll do
the best | can to keep a healthy science and technol ogy
pr ogr am goi ng.

CHRI STENSEN:  Thank you.

CORRADI NI :  Dan?

BULLEN: Bul | en, Board.

In your comments, you nentioned that you val ue
safety and you enbrace quality, and I wonder if you could
comment on the recent articles in the press about the stop
work order and the QA challenges, also realizing that it's
beyond the purview of the Technical Review Board to worry
about quality assurance. But, | guess it just harkens back
to the ability of the public to accept the program So,

could you talk a little bit about the QA problens or

chal | enges, | guess you said?
CHU:. Yes. Let ne first, you know, explain this quality
assurance programa little bit. Some of you nmay or nmay not
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be famliar with it. The Yucca Mountain programis under a
very special, highly rigorous quality assurance program
which is for nuclear activities, |like reactors or nucl ear
di sposal prograns. And what it entails is, you know, the
technical work has to be we call it R2T2, okay, fromny W PP
days. It really neans all the technical and scientific work,
and anal ysis and data have to be retrievabl e, reproducible,
traceabl e, and transparent. |'mKkind of using the |ayman
| anguage. That's the spirit of the nuclear quality assurance
progr am

So, that neans the scientific work has to be
docunented at a very highly rigorous procedural fashion
And, so, one point | want to make is when scientists and
engi neers, when they do not conformto these procedures, may
times they don't necessarily nmean there's a defect in the
work itself, but these other actions that need to be
corrected, because it is required as a licensee for NRC
That's one point | want to make.

And the second thing is because this rigorous
qgqual ity assurance program and then we have a programthat
has been approved of by the NRC, and that we have on-sight
daily, alnost daily oversight fromthem and as part of this
program it's a requirenent actually by the QA programt hat
there will be a lot of inspections and audits, and it's

expected to have a |lot of deviation fromthe procedures. |'m
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not saying a lot of deviation is good, but as part of the
program you will self-identify issues, and you correct them

And since our programfor |ike 20 years was a
scientific program and then we're transitioning into this
highly rigorous I call it nuclear culture, yes, we do have
probl ens, we do have problens for people following this
ri gorous procedure, and we are trying very hard meking sure
t hey understand that, and nmaking sure it is essential and
necessary, absolutely critical for themto conply with these
procedural requirenents.

And then what we are doing, that's really, you
know, in a way one of the reasons | did the reorg and bring
in new | eadershi p, because it's a cultural thing. So,
don't like the Bandaid approach, because | don't think it
works. So, | want to have a nore sustained, |onger term
cul tural enbracenment of this nuclear culture, because there's
just no other way | know how to do it, except for cultural
change. So, that's what we're doing.

And then are there deviations from conpliance? You

bet. But is it getting better? You bet. W see encouraging

science and trends, that it is getting better. 1Is it getting
better at a fast enough pace? | don't know. W're trying
very hard, and John Arthur and John Mtchell, and our other
new QA managers, they got brought in to nake sure it gets

turned around fast enough. But, does that nean our technical
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work is flawed or incorrect? | don't believe so. Because we
have a | ot of ongoing review oversight fromthe Board nenbers
and fromthe National Acadeny of Science and froma |ot of
peer reviews, donestic and international. These are the
techni cal oversights.

And then, you know, there are issues, technical
i ssues, yes, they are open, they are being addressed. So, |
don't think the QA issues have conprom sed our technica
work. But, there are a |lot of remaining cultural things I
need to fix and inprove, and it's very high for the
managenent team and |'moptimstic that we'll get there. |
am hoping there will be less violations of the procedures.

Al so, another inportant thing | want to stress to
everybody, we will not deliver a license application until
every piece of data, every software are QA'd according to the
NRC requirenents. So, that's very inportant to all of us.
think the whole troop understands that. W'I|l get there, you
know, when we're ready to deliver. |If we're not there, we
won't deliver, because | can't deliver something that doesn't
conply with NRC s requirenents.

ABKOW TZ: Abkowi tz, Board.

| want to follow up on the comment, Margaret, that
you just made. | appreciate your concern for the QA but if
the license application is still planning to be submtted in

Decenber of 2004, there's a point in time before that where
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you basically say we go with the analytical work that we have
established to date. Do you see that you'll have enough tine
to i nplenent the changes that you're looking to do to have

t he confidence that you' re | ooking for, so that when you draw
that line in the sand, you'll still have sufficient tine to
put the application together based on that information?

CHU: Like | said, you know, we have to nonitor the
situation very closely between now and then, and then we have
to make a nmanagenent decision down the road and say are we
there or are we not there. And | can assure you we're goi ng
to make a high integrity decision when the tinme cones. |If
we're not there, we're not there. When we are there, we're
there. And we will report to you and then, you know, |ike I
said, we get a |lot of oversight frompeople, so | think the
situation we get will be nonitored by a | ot of people, not
just nme alone, and it will becone apparent whether we are
inmproving rapidly in the QA area, or are we not.

And then, like | said, | believe we have the new
teamin, they are extrenely experienced people, and we're
going to walk the talk, and I'"'moptimstic. |'m always

cautiously optimstic. O course, you know, you have to

al ways go in that direction. [If you don't try, you never
know whet her you'll be successful. And that's our attitude.
Thank you.

LATANI SI ON: Lat ani si on, Board.
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The corollary to Mark's question also affects the
sci ence and technol ogy program Mich of the work, and
especially the ranped up budget, w Il occur post-Ilicensing
application. And, so, I'mwondering is the philosophy to
i ncorporate findings that will energe fromthat program as
amendnents to the application if they're appropriate? O how
do you envision nmaking use of the information that will flow
fromthat progranf

CHU:  You know, this is a topic we talk a | ot about
internally. The answer is yes, if it's appropriate. [|If |
may gi ve an exanpl e? For exanple, the saturated zone, which
we haven't taken a whole lot of credit, we all know that, and
then if there is sone new information after we submt the
application, we feel if it's appropriate as part of the
review and defense of the license application, we mght put
in an anmendnent. You know, it probably wouldn't be an
official amendnent. It would probably be additional
information, and we'll put it in for NRC to consider.

And then whether it's positive or negative,
what ever the new information is that's relevant to the
license application, | think will be sent in as appropriate.

That's how !l viewit. But |I don't know how NRC will view
it, officially how they receive this information, |I'm not
sure because | don't think they have mapped out a detail on

how t hey receive additional information.
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LATANI SI ON: Thank you.
CORRADI NI : Ot her questions?
(No response.)

CORRADI NI :  Thank you, Margaret.

CHU. Thank you.

CORRADINI:  We'll now have John Arthur tal king about an
overview of project activities, including the |Iong-range
pl ans. John?

ARTHUR: Good norning, and I'mvery pleased to be here
i n Washi ngton today. And as discussed by Dr. Chu, our
hi ghest priority remains submttal of a high quality |icense
application in Decenber of 2004, but al so keeping focus on
the |l onger term goal of maintaining an opening date of the
repository in 2010.

Included in this is conpletion of the necessary
desi gn work, and nost inportantly, denonstration of an
operating environment, and in ny words, nmanagenent culture
appropriate for a licensee.

| want to today just start with some successes
since the last quarterly neeting we had in Las Vegas. First
of all, the Departnent and NRC have now established an
aggressive, we have actually seven neetings schedul ed through
the end of June, aggressive interaction calendar to continue
critical discussions on KTlI, the key technical issue

agreenents, one in June on the repository design, preclosure
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safety, and al so the environnental inpact statenment process.

Mar garet nentioned sonme of the personnel changes in
both the Departnment of Energy and also in Bechtel, and I'm
very pleased to have John Mtchell as a counterpart. John
and | worked across the table fromeach other in the National
Nucl ear Security Adm nistration years ago, so we've worked
together in the past, and we have sonme pretty big chall enges,
as Margaret said, here on the horizon right now

Al'so, in ny office in Las Vegas, |I'min the process
of interview ng and hope to select soon a permanent |icensing
manager for our office in Las Vegas.

One of the bigger areas we' ve done over the |ast
three nonths is start a nonthly operating review. 1In a
project of this caliber, be it the scientific endeavors, the
engi neeri ng endeavors, operations or planning, you need to
have a clear summary on a nonthly basis of where you stand
associated with the costs, the schedule, and al so the
techni cal aspects of the program

This is one right out of our |ast report, and
actually this is out of a report we did about two weeks ago
that actually shows percent conplete on a license
application. First of all, this is our nmanagenent assessnent
fromJoe Zigler and Nancy Wl lianms, the DOE and Bechtel
counterpart of license. Wat we' ve done is broken out the

maj or conponents of the license, put the percent conpl et ed.
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In each of these areas when we say conplete, it includes not
just the technical assunptions and the planning, but also the
appropriate level of quality required. And then, also, we
have a weighting for each of those areas, anywhere from 10 to
30 per cent. And, right now, our assessnment is 16 per cent
conplete on the license application that we're targeting for
Decenber of ' 04.
I f you nove into the next graphic, and this wll
have sone colors. Across the whol e business, everybody has a
different way to grade this. But, green neans everything is
on schedule, within the right cost categories, no nmajor
variances, and al so technical aspects are working very well.
Yel | ow nmeans that there are sone concerns, but they are
resol vabl e, and you can get back into the green with proper
managenent enphasis. Red is not a failure node. It neans a
| ot of managenent attention is required. There's either a
significant cost schedule, and nost of these cases |I'm
presenting, it's a conbination of cost and technical issues.
| just want to talk on a few of these here. Tine

won't permt ne to cover all these, but | just want you to
know that | appl aud our Departnment of Energy and Bechtel
managers, because | think they've done an honest assessnent
of what's working well and what's not working well right now
And | just want to cover a few areas. On your left there,

if you go into Comm tnent Managenent at the bottom of the
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Li cense category, this has to do with the realignment. W're
behi nd schedul e on sonme of the critical key technical issue
reports to NRC. And the replanning that I'"mgoing to talk
about in a few mnutes, we're trying to repackage those to be
better for howthey' re presented to NRCin the future, and
also to align themto a better schedule. But, right now
we're carrying that one in the red because it requires a | ot
of discussion and action underway.

I f you | ook down the Safety Analysis columm, total
systens performance assessnent, TSA work and nodel input are
behi nd schedule. W' ve had sone challenges with the
engi neering barriers system and waste package degradation
areas, inclusion of the localized corrosion nodel. And these
are the words you see right in our report. Again, it's not
just to raise the issue, but also | expect each of our
managers will say about a path forward, who's in charge, and
what we're doing to try to get things back on track

One other area | would cover woul d be Surface
Facilities. And our design is proceeding, but with the
continuing resolution and reduced funding for this year,
we're trying to get things back on track. W just, through
Becht el announced word of a surface design support contract
| ast week to bring in some uni que expertise to help us on the
surface design. Tied into that, if you | ook at the

precl osure safety analysis, the magjority of that analysis is
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associated wth surface design. So, you see a close tie
bet ween getting the design back on track, and the precl osure
safety anal ysis.

So, in summary there, I want you to know we're
| ooking at it nonthly, trying to put sonme nmanagenent
discipline into it, accountability, and al so recogni ze where
things are going well and where we have chal | enges.

A couple other areas I1'd like to discuss. First of
al I, another couple successes, we did issue the quality
assurance requi renments docunent, Revision 13, and that has

been accepted by NRC. That's the guiding docunment for our
entire program and all aspects of inplenenting NQA 1. And,
al so, we've put added managenent enphasis through John
Mtchell and his team at Bechtel on working off actions, two
maj or corrective actions that have been behind schedule for a
| ong period of time, one on the nodel validation and the

ot her on software qualification. W do now that schedul es

for the August and Septenber 2003 tine franme to cl ose those

out. Those are critical. Those are the heart of the
license. In other words, instead of trying to review and
approve these nodels and data, we want to nmake sure that we

have the right processes so they're com ng out of the
pipeline with quality built in the first go around.
Agai n, rest assured before anything goes into the

license, we're going to make sure that the right pedigree of
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quality is built into those aspects.

Two ot her success stories. W successfully
conpl eted an evacuation and reentry of the exploratory
studies facility in January. But, we had sone degradation of
sonme of the electrical systens, a short in one of the lines
that required three different, first of all, we had visitors
at the site that required an evacuation, and | was very proud
of our mne rescue team They did an outstanding job to go
in and do the necessary actions after the fact to determ ne
t he cause, and we have actions underway to inprove that right
now.

Also at the site, we did a full stand-down of al
the electrical safety. W had sone issues and concerns, and
timely managenent action by Bechtel/SAIC definitely inproved
safety and technical qualifications of the workers. Wrk is
back proceeding in that area.

Okay, now onto the big topic of discussion, and
that's the budget and planning and what is a replan and why
does it occur. First of all, if you | ook at the program as
Margaret said, we originally requested $591 mllion for the
fiscal year '03. W operated for the first five to six
nmont hs of the year essentially at a flat-line [evel of what
we had in fiscal year '02. So, you had a wave of work being
deferred. No matter what you do, you have sone work they

were planning at a higher |evel, and that was deferred.
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Al so, when the funds finally canme in, we were about
$130 mllion, or so, inthered. So, | think it's been a
maj or task between our federal staff, the |abs, the USGS,
Bechtel and all others involved to really take a hard | ook at
the program first of all, to keep a quality |icense
application first and forenost, but also not do anything that
i npacts post-license application. And what | tried to do was
gi ve some realistic planning assunptions to Bechtel/SAlC
I nstead of planning at a high | evel and then com ng back
down, plan, and then if Congress decides to fund at a higher
level, 1'll be glad to accelerate work. And |I'm sure John
Mtchell and others would be, too.

So, the nunbers | gave themwas $295 mllion for
this fiscal year, and | believe it was $330 mllion for
fiscal year '04. | expect to nmake final decisions when | get
back to Las Vegas on this this week, because you have to
remenber we have four nonths left in the year, and if we're
going to let go of sone things in order to get the funds for
ot her areas, we need to nove very pronptly, because tine is
of the essence.

Areas that DOE and Bechtel will maintain and
support include, first of all, rigorous health and safety
program conpliance with all applicable permts, preparation
of a conplete, high quality license application, with all the

requi renents of 10 CFR 63, and al so the Yucca Mountain review
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pl an, addressing KTl agreements by the tinme the license is
submtted, and I'll be discussing that nore a little bit
|ater, ensuring that the repository and the waste package
design information is fully adequate for submttal. The
total system perfornmance assessnment and precl osure safety
anal ysis both will be technically defensible and with proper
qual ity assurance controls. The |license support network
devel opnment in support of certification six nonths prior to
LA submttal is one | had read a little bit earlier, because
of trying to align sone of the relevancy criteria. This is
of maj or magni tude of assessing all the key docunents. But,
again, we will make sure we have the proper funds to do that
wor k correctly.

Probably one of the nobst inportant ones, and you
probably read in the nedia sone of the chall enges we have,
and | know Margaret nentioned that on corrective action
program nmaintaining a safety consci ous work environnent,
nucl ear culture and QA program W will not sacrifice one
dollar in that area. W w |l make sure everything is noving
in the direction to maintain the right operating environnment.

Site operations, we will maintain a mninmnumsite
safe operations, and l[imted site access. W are going to
reduce and shrink the footprint of the site to that that is
critically needed to do the work. | know at one tinme, we

were offered options as far as shutting the whole site down,
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which really no one wanted to do. W know the inportance of
all the work that's gone on. W're trying to get nore
efficient in maintaining and managi ng the site.

Also, with that, we'll still have a goal to try to
keep the site open for the public and critical tours, but it
won't be at the rates that we're doing now W' IlIl reduce
that to a | esser anount of days per week. | just can't get
everything, | mean, we've been down to the $100,000 |evel, or
even $10,000 level, in this replanning effort, so we're
trying to nake sure everything fits into the right package,
and we maintain the maximumpriorities.

Areas that wll cease and resource reductions,
there will be some personnel reductions across the system
with this, some reductions in force. And, as | nmentioned, at
the site operations, we'll reduce the experinmental footprint,
partial but Iimted site access for tours, and al so access
for critical experinments. But the site operations, we're
going to defer new tests, again hopefully in '04, 'O05,
dependi ng on budgets, we'll get sone of those started. Most
cases, these would be areas that are needed for our
performance confirmation. These tests are not directly tied,
inour mnd, to either the key technical issues agreenents or
the Iicense application. But, in doing this, we do accept a
noderate risk, and we fully realize that.

| just want to give you an exanple of sonme of those
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tests. The cross-drift heater test in Al cove 10, seepage
test in Niche 6, crest to alcove in Alcove 9, the Calico
Hlls Unit drilling and testing, again, these are not
directly tied to KTlI, but would provide additional confidence
wi th paranmeter distribution concept nodels later. So, sone
of this we hope to get back on track in the "04, "'05 tine
frame. And then, also, the alluvial tracer conplex. This
one also right nowis tied into a key permt issue.

In the preclosure safety, we have had sone sli ppage
in our schedule, as | nentioned a little bit earlier, tied
into the design, but we feel we can still get that back on
track.

Environnental safety and health, we'll reduce sone
of the support levels required. But, again, we're still
going to maintain safety and health, but have sone reductions
in the area. And information technology, we'll have to
el i m nate any new systens devel opnent, reduce pl anning.

As you look at it, it sounds pretty chall enging,
but, again, we feel that we have the right blend of the
programto proceed, and | guess we'll have to wait and see
where we are again in '04. Please recognize that, you know,
final decisions are being made on this, and | hope to get a
letter back to John Mtchell either late this week or early
next week. Wth that, in a neeting with the Nucl ear

Regul atory Conmm ssion we had in Las Vegas several weeks ago,
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there was a request to show, you know, what the current
programis, and then what this replanning does as far as the
future. And we have commtted to share that with them and |
will share that with you also, offer it to the NWMRB. It
shoul d be available in another week or so. It wll just
show, you know, all the critical work originally planned
versus what's deferred and how that ties together, because
the NRC obviously has a lot of interest in this also.

Okay, if | can nove away fromreplanning for a few
mnutes, | want to tal k about another success that's
happened. And when | net you at the first neeting in Las
Vegas, | said we were going to start sone efforts, sonething
simlar to what we did at the Waste Isolation Pilot Plant
back in the Nineties. A project of this conplexity requires
a fully integrated schedule with all of your logic, all of
your assunptions, not just the license, but transportation,
science and technol ogy, |and acquisition, interface with
ot her agencies, and |I'm pl eased to say we've started those
efforts, and right now, the schedule, and you see just a
snapshot of the schedule, it's in your handouts there, we're
about 60 per cent conplete. And | hope within the next nonth
and a half, to have that conpleted and then be able to share
it wwth the Board, NRC, other critical stakehol ders, because
we want to receive input on this.

This schedule, at one tinme, we had a nobl e goal of
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trying to lay it out to 2034. M staff told ne it would be a
l[ittle bit too anbitious. How about let's just focusing on a
2011 date, and that's where the initial focus was. You can

| ook on the schedule that you have there, and it wll just
give you a snapshot. This is probably about one-thirtieth of
the total. This sheet would probably fill about the size of

t he whol e panel here.

And, again, I'll just enphasize a fewthings. |If
you go down on Engi neering and Design, and you go across the
bottomline, you'll see one that says Freeze Design Products
for the License in March of '04. Qur plan is to conplete the
i cense application design in May of '04, and then you can
see a feed that goes up to Licensing and across, and all this
goes up to the top line of NRC receives a |icense application
subm ttal and LSN recertification, Decenber of '04.

Qoviously, this is one critical area of enphasis
and focus, but there's a |ot of other areas underway,
transportation, other pre-areas, site planning. You know, as
we had this neeting, we have to run an environnmental analysis
parallel to our license application to make sure that we have
t he proper NEPA planning. Qur original FEI'S was either
correct or we have to do a supplenent. And, in the neetings,
it was an eye opener to us, our NEPA expert said, well, I
need to have this information by a certain date, and then we

said, well, we need to have a site construction schedule in
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order to anal yze those inpacts. So, at least this analysis
is forcing us as a teamto bring the |l ogic and assunptions
together and realize where we're connected, and al so where we
have a disconnect, to try to tinely work that.

There's a | ot of other background. Wen |I do
present this to you, there will be hundreds of assunptions
and logic in other key areas, or the foundation by which we
plan this program So, again, it's com ng together well. |
| ook forward to receiving comments once we put this out. It

wi ||l probably be really July.

And then after that time when we feel we have it
correct, then we'll do what are called resource | oadi ng of
t he schedule, which is the major effort where you really

align this to your budgets and other key areas. And then
we' ve fully achieved one of our major goals of a fully

i ntegrated program from our schedul e pl anning and resource
pl anning. But, | can't overstate how conplex it is to do
this, but we'll get through it, and I |look forward to
recei ving comments as we proceed.

Anot her area | want to talk about for a few m nutes
is safety conscious work environment. And it's a term nol ogy
in the NRC environnent, |I'mgetting re-famliarized, having
spent the last 24 years of ny career in mainly the DOE
projects, but | take seriously all of the concerns, and I

speak for John Mtchell, Margaret and our entire team here as
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| say this, | take very seriously the concerns that were
reported in the nedia, and we do have several investigations
underway right now. | should get reports on this in the next
few weeks. Based on what cones out of that, proper actions
will be taken. O, if there is no requirenent, if nothing
conmes out, then nothing wll occur.

As Margaret said, you know, the cultural changes
take time to do. Wen you |l ook at the best-in-class in
industry, it could take anywhere froma year to two years to

really ranp up. And | would say that the first trigger, a

| ot of the changes occurred probably about |ast sumer with
the site recomrendation report, you know, a major hurdle from
20 years of real detailed scientific data and collection and

nodel s and characterization, to really we're going ahead to

proceed into |icensing.

And then on top of that, we overlaid a new
managenent structure, and we're trying to stabilize right
now, is the best | can say, have to put the new managenent
systenms in, also to work with our team | |ike to have them
on success, but when there's an issue that has to be dealt
with, be it disciplinary actions or other areas, rest assured
t hat Margaret or John Mtchell or nyself wll take proper
action.

So, it's going to take sone tine, and that's really
the chal l enge that the Nucl ear Regul atory Conmm ssion gave us
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the other week, to have the right operating environnment by
the tine the |license goes across the threshold in Decenber of
"04. And, we are planning to achieve that. Again, it wll
take a | ot of enphasis as we continue to proceed.

A coupl e other areas, key technical issues and DOE
and NRC interactions. And | believe this week, there's one
key interaction occurring with NRC. As | said earlier, we
have a very aggressive schedule. But, we do plan and
schedul e for addressing KTl agreenents, and we are re-
eval uating that in our replanning efforts, because we are
behi nd schedul es as we proceeded into this year. W want to
try to get things on track, but also not create such bow wave
that's inpossible for NRC to review those critical ones
before the |icense goes in.

We respect all the commtnents that were enbodied
in the original KTI agreenents and the significance and the
i nportance of having these agreenents addressed. Again,
we're trying to look at the nost efficient way to do that.

We have renewed an aggressive interaction schedul e,
because | think it's safe to say that both NRC and DCE are
| earning as a licensing agency and a |licensing applicant as
we work here, and we are trying to clarify and formalize
goal s and expectations for submttal of the |icense.

For exanple, four key technical exchanges are

pl anned and occurring in May, and it's geonechani cal issues,
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whi ch has been conpleted, data and the quality assurance
requi renents docunment Rev 14, a vol cani c hazards
characterization, and also the one | believe that's underway
this week is the use of risk information to address KTI
agreenents. And that's a real critical one, because we have
sonme that are on hold pendi ng adequate resol ution of that
particul ar area.

Let nme now proceed into ny summary. First of all,
t he design and understanding the thermal effects. And |
could see in the first neeting, there was a | ot of interest
in the operating node associated with the repository design
and operations, and the license for construction
aut hori zation will be based on the design and operational
paraneters that maintain below boiling tenperatures in the
pillars between enpl acenent drifts follow ng repository
cl osure. But operational flexibility wll be preserved.

Boundary conditions for the |icense application
design will be established in June of '03. W have sone
i nteractions going on between Bechtel and ourselves right
now, and the license design, as | nentioned up there on the
schedule a little bit earlier, is planned to be conplete in
May 2004.

However, final decisions regarding ventilation, for
exanpl e, the duration and use of natural versus forced, and

ot her operating variables to determ ne the range of post-
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cl osure tenperatures, and the associated in-drift
environment, will be made after issuance of a |icense and
adequate information i s obtained through performance
confirmation. So, the point I"'mmaking is there's a |ot of
deci sions we can nove through, and | hope in tine as we
mature this decision plan nore, you know, we may not know
everyt hing today, but we can show in the future where
information would either provide it fromconfirmation or

ot her key areas that mght in the future trigger other

I icense anendnments required associated with the repository.

We recogni ze the inportance of being able to
denonstrate an adequate understandi ng of the environnment in
the drift, and on the surface of the engi neered barriers and
ot her factors affecting these environnents. And, again, the
presentations you'll see, | know our teans have been worKking
real hard to try to lay out everything, and I | ook forward to
t he di al ogue as we proceed.

In summary, we have conpleted, or are in the

process of conpleting a major programrealignnment, and |

think it's based on realistic assunptions. Wth that, as |
said earlier, I know we accept nore risk than what we woul d
have had if we'd have had the full budget alignnment. And,

again, with that, we will have to see what happens in '04 as
to what further actions may be required, or what further work

can be accel er at ed.
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Submittal of that high quality license application
is our critical goal for Decenber of 2004, but quality wll
be built in there, and we have had a nunber or series of
nmeetings with our senior managers over the last six weeks to
state that it's quality first. You have to have a proper
bal ance of quality and schedule, but at the same tine, we
will not proceed with a license until all aspects of quality
are built in.

And, again, as | showed you, | tried just to give
you a glinpse of it today for our nonthly operating reviews.

W are trying to do an honest assessnent of where we're
doing well, and where we have issues. | know a |ot of ny

staff and others have said, boy, it's red, it's red, it's

failed. | saidit's not a failure. It recognizes there's an
issue, and it recogni zes who's accountable to try to nake the
right level of inprovenents. So, we are trying to get

systens in place to give us a better | call it a finger on

t he pul se of the overall program

So, again, | thank you for the opportunity to talk
with you today, and I'Il look forward to entertaining any
guesti ons.

CORRADI NI :  Di ck?
PARI ZEK:  Pari zek, Board.

For clarification, on Page 3, you didn't define the
white boxes. You've got green, yellow and red.
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ARTHUR:  Thank you. In our areas, no assessnent
currently is underway in those areas. And sone of those wll
cone into that category as nore work starts to occur. So,
whi te neans no assessnment is currently underway.

PARI ZEK:  Then | didn't know if | could recogni ze which

was the transportation plan. |Is it under the engineering
section?
ARTHUR: |I'msorry. That's not included in here. This

is just the license and the areas under us in the Ofice of
Repository Devel opnent, Las Vegas. W are maturing data on
transportation and other key areas on a parallel path to
this.

PARI ZEK: So, there's another chart that woul d include
t he whol e systenf

ARTHUR: There will be. There isn't right now, but
there will be in tine, yes.

PARI ZEK:  And | didn't understand when you nenti oned
sonet hi ng about the drift scal e experinments being deferred.
| nean, there's certain projects underway that you don't want
to interrupt because you're in a cool-down phase. Did you
say that there would be certain work not done on the drift
scal e experinents at this tine? Because, | nean, here's this
cooling down, and you don't want to | ose data because it took
four years to heat it up, four years in cooling dow. And

that's for the alluvial testing, which you haven't started,
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you know, experinmenting, and you need that data al so.

ARTHUR: Qur plan, and Nancy or someone can correct me
|"mwong on this, Nancy WIlians, but our plan is still to
collect critical data on those experinents. Nancy WIIi ans,
if you could just stay up to the m ke and help ne? Nancy is
in the heart of all the details of what |I'm presenting.

WLLIAVS: In fact, the cool-down testing data is stil
bei ng collected. So, ongoing tests are being collected and
continued. It's the newtesting that's being deferred into
' 04, 'O05.

PARI ZEK:  Thank you.

DUQUETTE: Duquette, Board.

| just want to understand a couple of things on

your presentation. It really has to do with the question
asked earlier. | got the inpression fromwhat you said is
that you' ve been able to absorb nobst of the cuts in your

proposed budget at the site, and that the science and
engi neeri ng background that will be required for |icense
application and after that probably will not be very much
affected. Am1| correct? |Is that a correct interpretation?
ARTHUR: There have been other inpacts, too, David. One
has been we're reducing sonme of our indirects, sone of the
indirect work force associated with the program So, it's
not just at the site. QOher areas are being inpacted al so.

But, we are trying to transition into the right |evel of
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engi neering and design disciplines required for the |icense.

DUQUETTE: Ckay, thank you. The second comment | had is
it seens |ike the date of the |icense application hasn't
changed i ndependent of budget inplications. Does that nean
t hat you think you already have all the data that you need at
this point for the |icense application?

ARTHUR: The answer is yes. | nean, nost of the
critical data we need right nowis in analysis and other key
areas. Oher areas will be confirmation or other areas to
support validation |ater.

DUQUETTE: Thank you.

ABKOW TZ: Abkowi t z, Board.

John, | was interested if you could talk a little

nore about the expenditures for transportation during the

current fiscal year. | gather it's probably one of the
resource reduction areas. |'ve heard that the nunber is
around $5 mllion, which | guess represents just a hair over

1 per cent of the DCE budget for the year for the Yucca

Mountain project. Could you give us nore details on that,

pl ease?
ARTHUR: Let ne just give a snapshot, and I'mgoing to
have Margaret, if you can, just add, why don't you give the

specifics on transportation.
CHU: For '03, our original request for transportation

was $25 million. W only got $5 million for this year.



© 00 N o o A~ w N P

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

52

ABKOW TZ:  Abkow tz, Board.
| gather that that's an internal decision to

all ocate only 5 based on the reductions and the overal

budget ?
CHU:. Exactly. [It's an internal decision, yes.
ARTHUR: And if | can add onto that, | spoke in the

repl anni ng about essentially $295 million of a $460 mllion
budget, $457 million. W are still |ooking at the renainder.
Qut of that, | have roughly about $75 to $80 nillion
associated in various cooperative grants, funding to
counties, other key areas. W have a good amount with the
federal, our programdirection for our feds for salaries,
travel, other areas, but all the analysis isn't done yet.
mean, we still do have sone option in the remai ning noney to
make sone ot her changes if required.

Again, what we're trying to do here as we nove
across from'03 into '04 is set a foundation, and if we get
addi tional funds, to accelerate other key work and lay out a
budget that shows how we can do that.

LATANI SION: John, two maybe points of clarification.

One of your comments related to the | guess it was
sl ow-down or not full activity in ternms of the preclosure
safety issue. And | may not be using the right |anguage
there, but I know you said it was not at the pace you had

expected, and you al so commented that that was related to
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design. And I'mcurious if that nmeans the project is re-
t hi nki ng the cl osure design, or just what the inplications of
t hat comment were?

ARTHUR: What we're trying to do is stabilize sone of
the design areas. And in all fairness, Bechtel has been
proceeding on this, but at the sanme tine, with the funding,
we had sonme work being deferred that otherwi se we woul d have
had done by now. So, one of the critical areas was award of
a surface design subcontract to Bechtel that was issued | ast
Friday to bring in some unique expertise to help with one
critical aspect of how we handle the materials when they're
in the waste handling building at the facility.

And when you really look at it, as | said earlier,
it's a high mgjority of, or a magjority of our preclosure
safety analysis is associated with the surface design, so you
need to have all that laid out before you can continue al
t he anal ysi s.

So, | see, and Nancy can correct nme if |I'mwong, |
see that now at | east we have things aligned with the design
contractor that we can now conplete that and keep things, get
t hem back on track

LATANISION: | see the point. And then, secondly, just
one other comment. This refers back to the issue of the high
tenperature/l ow tenperature operating node issue. Your

comment, as | understood, was that you expect it to operate
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at tenperatures below the boiling point. And | just want to
be clear on what that nmeans. Are you tal king about the
boiling point--in the pillars?

MR. ARTHUR: And we'll be covering nore on that | think
in later presentations. Go ahead.

LATANI SION:  That's the clarification | was | ooking for.

Gkay, thank you.
NELSON:  Nel son, Board.
Let nme just follow up because | was going to ask

t he question about the sacrosanct 81 nmeter spacing, which was
est abl i shed some tinme ago, | believe on 2-D nodeling, with
very little knowl edge of the lithophysal properties. And
even now, | nyself don't believe we have a very well defined
know edge of the bulk Iithophysal thermal conductivity
properties, and other characteristics, yet we continue to see
the 81 nmeter spacing. So, this may be a bit closer to
vel ocity over the next 18 nonths and beyond, but for those

two tine frames, what is the project's attitude towards the

81 neters? It could have cost inpacts. It could have TSPA
i npacts. And maybe sonething to say about uncertainty, in
addition to bottomline performnce.

So, I"'mwondering what is the project's attitude
towards that 81 neters?
ARTHUR: |I'mgoing to have to ask, if | can, Nancy to

assist on that. In my mnd, it's part of our baseline as we
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proceed, but let nme have her give you sone words.

NELSON: Does that nean not to be visited until LA IS
done, or what?

ARTHUR:  Nancy?

WLLIAVS: Yes, Priscilla, it is part of the current
baseline. But the baseline will continue to evolve. W are
still doing thermal analysis and will continue to do therma
anal ysis. Wat happens in the first panel |ayout, for
exanple, is not necessarily howit's going to end up in years

out, in Panels 2, 3 and 4. So, to the extent that we have

greater insights, we'll nodify the design, optimze it, et
cet era.
NELSON: Nel son, Board.
At what point, just philosophically, is there an
iteration is the design change substantial enough that it's
going to trigger sonme reconsiderations of |icense application

of NRC consideration? | nean, you may not change the basic
pursticies, but you may change the uncertainty related to
spatial issues. And it may be also on site investigation
costs as well. | mean, there are many inpacts. So, just is
this--would you expect told hold the fort until the first
panel is--performance confirmation is producing
under st andi ng, and then maybe nmake a change if it's
warranted? Wat's the phil osophy here?

WLLIAMS: | think you stated the phil osophy well.
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think that right now, we are trying to stabilize the first
three drifts, and NRC does have a process in 6344 to review
changes to that design

CRAIG Paul Craig.

Over the last couple of years, as you noved cl oser
to licensing, it's become clear that you' re increasingly
taking the position that the science is under control, and
that it's stabilizing, which | nust say is not in accord with
my own observation. But, that's not what you're talking
about. What 1'd like to do is ask for sonething very
specific in ternms of budgets.

As you're meking these maj or changes in budgets,
the way in which you nmake those changes tells us a | ot about
how you' re thinking about the program | wonder if you could
gi ve us sone budget docunents that woul d break the budget
down into major categories so that we can see how t hese have
shifted and will shift in the next couple of years? You've
gi ven us overall budgets, but |I'm|ooking for the whole
package so | can put into a context.

ARTHUR: Renenber the point | nentioned earlier about
that NRC had sone questions the other week about what is the
current planning versus what's the inpacts of this
replanning. So, that's why | offered to share the
information that shows sone of the dollars associated with

the prograns and what's currently being deferred, and that
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will include the various scientific or test prograns al so.
CRAIG So, you'll provide that to us?
ARTHUR Right. It will probably be about, I'm
believing it's about two weeks until we owe it to NRC. So, |
want to make sure, because the replanning docunents, as we

currently showit, doesn't reflect | believe what you're

| ooking for, but we'll get that.
The other area | guess |I'd add onto that, | hope by
what |'m doing here, |I'mnot saying that test prograns and

science isn't inportant, what we're trying to do is get a
bal ance. Everything couldn't be going on its current path.
As | look at this, we had to make sone pretty significant
trade-offs, and you need to have staff to do the engineering
and design, you need specific sub-contractors, you need to
still get critical tests. So, what we're deferring is sone
things into the next several years that hopefully will pick
up. But, also, as Margaret said, the work that Bob Budnitz
will be presenting tonorrow, | nean, | hope that sone day we
get the right level of funds so we can accel erate sone of
these areas, or start them | guess in sone cases, and
proceed. Because | have a vision of the future that through
sonme of these progranms, will have various outputs fromthe
test progranms and other scientific prograns that will help us
mature and learn things that right now, we can't even

predict.
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BULLEN:. Bul |l en, Board.

Could we go to your first figure, which is the
managenent assessnent of progress towards |icense
application? | just have a couple of quick questions about
that one. Specifically, I'minterested in, you know, the
nost heavily wei ghted factors being total system performance
assessnment and design. What | evel of conpletion would you
expect to have attained by |icense application for each of
t hose, and why do you think that's sufficient?

ARTHUR First of all, by the tinme the |icense goes
across, we woul d expect 100 per cent in both of those areas.
And when | say percent conplete on design, that's the anmount
of design that we will require for the |icense application.
That's one of the key areas that we have a technical exchange
with NRC this summer. You know, clearly, we don't expect to
do 100 per cent design of the repository. W're trying to
devel op the right anmpbunt that's required for the safety
anal ysi s and ot her supporting for construction authorization.
But to have that figure conplete, will show 100 per cent
design, but it mght be of 30 or 35 per cent of the design
itself. |Is that clear?

BULLEN: Yes. And, actually, Bullen, Board again. The
followmup on the last question, if you d | ook at your | ast
figure where you tal k about essentially in June, you' re going

to freeze the design requirenents and boundary conditions for
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engi neering and design. Does that essentially freeze or |ock
in the operating node that you're going to use, LTOM versus
HTOW?

ARTHUR: Well, first of all, what we're trying to do is
freeze the functional and operating requirenents. | nmean,
design is still progressing up through, as | nentioned, My
of '04, of next year. But, this will set sone of the
requi renents. Sone of the key decisions we will be making
over the next six nonths will be decisions on things |ike
omi directional transporter versus traditional rail.

There's a nunber of areas that BSC/ Bechtel put over to DOE
either for decisions to be nmade or rendered over the next
five to six nonths.

BULLEN: Bul |l en, Board.

|s there critical data that will be | acking when
you make those decisions? | guess specifically, nmy concern
is wth respect to the cross-drift heater test, where you're
not going to have the thermal conductivity of the |ithophysal
zones. And without that data, it's going to be real
difficult to determ ne whether or not you' ve nade the correct

choice. And, so, how are you going to justify those kinds of

decisions, | guess is the question?

ARTHUR: We'l|l have to defer nore specifics to Nancy
WIlians.

WLLIAVS: Dan, we're really focusing on the surface
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facilities when we talk about that. 1Is it one weld cell, is
it two, is it three? Wat do the nodul es ook Iike? Wat's
t he construction schedule for then? Wat's the waste stream
and those sorts of inputs.

BULLEN:. Bul |l en, Board.

Maybe to foll omup. Nancy, maybe | m sunderstood.
| was | ooking at the design freeze for boundary conditions,
and so if I'mfreezing boundary conditions, aren't | freezing
the design for the subsurface facility?

WLLIAMS: Well, right now, we're still at the
conditions that you saw in the last |layout. They have not
changed. It sounds |ike you're thinking about boundary
conditions nore in the sense of the natural system
boundaries. But, really, what we're focusing on here is
trying to stabilize the surface facility design, of which
there are nmany options to be consi dered.

BULLEN: Thank you.

ABKOW TZ:  Abkow tz, Board.

John, you and Margaret have nade extensive
reference to quality assurance and cul ture buil ding and
integration, and so forth, and | think I'"ma strong believer
in all of those concepts, but I'malso aware that these
things take tinme to gestate, and they' re often sequenti al
rather than parallel activities. And, so, as | think through

the size of the organization and the conplexity of the
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probl em and where you currently are, you' ve already kind of
referred to this being pretty anbitious, I was wondering from
your managenent experience, if it's unprecedented what you're
dealing with now in terns of what you're trying to acconplish
in that regard relative to the license application schedul e?
And if it's not unprecedented, could you cite another
application where that type of success has been achi eved?
ARTHUR: | think the five issues were laid out pretty
well in the NRC neeting, the DOE/ NRC managenent neeting the
ot her week. And one issue that was referenced, first of all,
was having 100 per cent quality built into the |license
application, good defensibility, nodels validated, all the
right technical assunptions before the |license going in in
Decenber of '04. And that's about what we've been talking

about over the last half hour.

But outside of that, there were several other
critical areas. First of all, safety consci ous work
environment. John Mtchell and nyself issued, we started our

first of a quarterly survey here recently from 25 per cent of

our enpl oyees, asked about 10 questions about where things

stand in their mnd across the program And it still shows

t hat enpl oyees still have a real concern with the

effecti veness of our corrective action programright now It
al so shows a | ot of enployees, a majority have a problem

raising a concern to their next |evel of managenent because
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of fear of, you know, schedule or quality or other key areas.
So, that's the kind of changes we're trying to nake, and

that's a benchmark. That's the first quarterly survey, and

we're going to continue to watch our trends, and hopefully

t hi ngs i nprove.

Anot her area that was brought up is it was stated
that, you know, there's been expectations set by previous
managers, and many good fol ks throughout the program but a
| ot of tinmes consequences aren't felt if people all adhere to
that, such as procedural conpliance. Those areas can
definitely be rectified. But, as | said earlier, it takes
time, and then the way that Margaret and John Mtchell and
nmysel f decide to proceed is about six weeks ago, | guess it
was, we called a neeting of all of our first and second |ine
managers, you know, the federal people, the Bechtel/SAIC, the
| aboratories, everybody involved in this program there's
about 175 people, and set expectations. And we said we
realize it's a tough challenge, but it can be done, and it
has to be done. W get one chance to do this, and we want to
do it correctly.

They then went back and tal ked to everybody over a
one nonth period. Al of our over 2,000 enployees on the
program had met with their supervisors. And then the |ast
neeting, which occurred | ast week, John Mtchell and nyself

recei ved feedback on sone of the barriers. There still seens
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to be this chall enge about schedule and quality, and John did
sonet hing very good this week. Qut in Las Vegas, there's
essentially the managers and others are seeing what their

fol ks are tal king about, you know, trade-offs, and how we
build quality in the first tine.

So, there's a lot of actions underway. There also
have been sone disciplinary actions. | always like to cone
out of an environnment where |'m awardi ng the successes, but
al so when sone just don't do it correctly, or there's
violations, there has to be disciplinary actions. And that's

starting to occur.

So, to go back to your point, | would say we're
still upwards of a year or a year and a half to even show
where things start visibly noving, and we're going to

aggressively try to pursue that. That's what NRC said to us
at the neeting the other week. They would |like to not just
see 100 per cent defensible license, but also the operating
environnment up to a higher level of quality by that tine.
What | hope to show you, as well as NRC and ot hers,
in future neetings is where we stand on those netrics, sone

cl ear outconme based nmeasures of what we're trying to do to

noni tor success. | have worked, | benchmark with others in
i ndustry. | have been involved in major changes |ike this.
In sone cases, it's taken upwards of three years. So, you

know, we're trying to bring the best tools and the best
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people in to help us through it. But, it neans all 2,000

peopl e changing the way we operate.

CHU: | want to add a little bit about ny personal
benchmark. | cane fromthe WPP project, and | can only talk
about the quality assurance programitself. It took WPP

about a year and a half to totally, you know, bring it up to
where it's supposed to be. And then the starting point, ny

personal view for WPP was probably | ower than where we are

now. So, that's the quality assurance, and this is ny

per sonal benchmark.

So, that's why I'mcautiously optimstic, and |
think it's achi evabl e when we all put our energy together,
and nmake sure the troop understands its achievabl e.

Thanks.

ABKOW TZ: Abkowi t z, Board.

As a followp question, could you describe the
different challenges that you' re facing with this program
conpared to the WPP program and how that may influence the
conpari son between the two?

CHU:. One thing, | will say this program has orders of
magni tude nore external oversight. And sonetinmes it's good,
sonetines it is distracting, to be real frank with you. So,
with the WPP program | feel the challenges are very
simlar, the stuff that you're supposed to inprove, you're

supposed to inprove, and then redo the procedures, or naking



© 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

65

sure people follow, those things thenselves are quite
simlar. Actually, it's the same in QA-1, QA requirenents
exactly the sane requirenents, the sane set of procedures,
and stuff. So, | think the work itself is very simlar. But
the external things are quite different.

ARTHUR: | mght add a couple. Margaret, if | could add
just a couple other points of conparing then? The |evel of
conplexity on this program having worked both, is much
greater, | feel. | nean, the interactions, as well as the
design and other areas is nmuch higher conplexity that what we

dealt with at W PP.

The other area | wanted to | eave you with, what |I'm
tal ki ng about today is not another plan. 1It's not another
procedure. G anted, we have to change sone procedures to

make thema little bit nore user friendly in a few areas.

But everything is right here, and it's behavi oral based.

It's cultural change. That's what we're really trying to do,
and we have sone mghty fine people. | nmean, | see them
every day in ny office. Everybody's heart is in the right

pl ace to nake this program succeed. But, we're trying to
just inmplant the fact that foll ow ng those procedures to a T
is very inportant. |If you don't line that procedure, or have
a problem we have note, please call that person for either
gui dance or what's neant, but skipping it in this environnment

i s unacceptabl e, because that just is |like the weak link in a
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chain on a fence, and it leads then to a credibility issue.
So, | know we can get over it. |It's just a time challenge
that's pretty big.

CORRADINI:  Can | just echo what Mark said? You
mentioned five things, | thought | caught three, you said in
t he discussions with the NRC. Can you run through all five
so I'mclear? Because that was actually very interesting.

ARTHUR: First of all, see if ny nenory is there. |If
not, my people will help ne. The first area was the |icense,
100 per cent quality into the license by the tinme it goes
across to NRC. The next area, and these aren't in order of
priority, | put this next one up to the highest priority,
safety conscious work environnent. Every enpl oyees feels
t hey have an environnent where they can raise issues and
concerns to their supervisors, and they're dealt with in a
timely manner.

A corrective action programwas a key one to get
one integrated plan program Right now, we have several
prograns and we're trying to get those integrated. So,
enpl oyees shouldn't have to worry when they have a concern
about how the--does it go into what's called a SERS program
or is it a DR or corrective action. They should be able to
get it out there, and then there should be another teamthat
hel ps them broker it into the |evel of inportance. So, it's

a pretty conplex program The other part with corrective
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actions, again, is tinely closure of those.

So, license, safety conscious work environnment,
corrective action program accountability, managers are held
accountable for their actions, you know, awarded for
successes, but also disciplinary actions occur where
required. And then the last one is procedural conpliance.
That's the five areas.

CORRADI NI :  Thank you. O her questions?
DI ODATO Diodato, Staff.

| wanted to just follow up on Dr. Bullen's |ine of
guestioning with regard to the itens closing June 3rd, in a
coupl e weeks, two, three weeks now, freezing the design
requi renents, boundary conditions. And fromwhat |
interpreted from Nancy WIIlianms' response, that was really
nostly related to surface facilities, and didn't necessarily

tal k so nuch about thermal loading in the repository itself.

That was still a matter of some discussion. |Is that
correct?
ARTHUR: That is correct. | nmean, we could show to the
letter what's in roughly the nunber of boundary conditions
we're in the process of approving. But, Nancy?

WLLIAVS: That's correct. There are limtations right
now on the heat output fromthe waste packages at 11.8
kil owatts per package. We will be evaluating that going

forward for operational flexibility purposes. The drift fal
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tenperatures and the profiles that you' re going to see when
t he panel talks this afternoon still take you to the higher
tenperature operating condition after closure for about 1100
years.

DI ODATO | see. So, the AMRs that are going to foll ow
that are due August 3rd, | guess, the final, some of those
have tenperature dependencies; is that correct? The analysis
and nodel i ng reports.

WLLIAVS: It's still the sane profile that you see up
t here; correct.

Dl ODATO  So, you don't need to worry about
recalculating it if you change your thing, or--

WLLIAMS: Not at this point in time. But, if we so
choose to do that downstream we'll amend the |icense.

DI ODATO  Ckay. So, these are actually cal cul ations,
this is supplenmental science and perfornmance assessnent
tenperatures here; is that correct?

WLLIAVS: Well, and followed up by the set of AVRs that
are going through the systemnow to support the |icense.

Dl ODATO But we shoul dn't expect any change in these

tenperatures. These are the tenperatures you're going to go

to LA wth?

WLLIAMS: That's correct.

ARTHUR: | mght nmake a point, too, on this decision
pl an, on sone of the dates. W are in the process of
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realigning that against this replanning. So, everything
isn"t, you know, what you'll see in the July time frane. It
may change over what |'ve presented. This one here, not over
on the boards there.
CORRADI NI :  Okay, any other questions? Staff questions?

| have one | ast one that you said, and you kind of bounced
between--it goes back to one that Mark had asked, and that
was you nmentioned that transportation wasn't on your diagram
of the red, yellow, white, green, yet the surface facilities
are. And, | guess now |I'mgoing to take an operational node,
|"mnot going to worry about things 1000 years fromnow, |'m
going to worry about things in ten years fromnow It seens
to me they're integrally linked, the surface facilities and
the transportation node and how all these fit together. |Is
that the purview of the new Director relative to waste
managenent system or is that within the purview of the
design of the surface facility? Because just my own personal
concern is that you take from Point A you bring it to Point
B, you unload it, you do sonmething with it. You have to
store it, you have to decide what to do wth it, and all the
| ogi stics associated with that are not obvious. So, in whose
bailiwick is that under the current arrangenent?

ARTHUR: First of all, federal-w se, what the

repository, the operations, including transportation, you

know, into the repository, is under ny purview at Las Vegas.
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But, the Deputy Director that Margaret is in the process of
hiring in Washi ngton, the transportati on national program as
wel | as Nevada Transportation will be under that individual.

But the point | want to nake is regardl ess of
people's responsibilities, the interconnects are going to be
on the schedule. W've had a | ot of discussions recently
about if you look at how long it takes to build, should rai
be selected, rail lines? You could assunme in sone cases the
first year to two years would be truck transport just by
capabilities to, you know, develop the right rail system
So, we're doing a lot of internal discussions.

Now, that's sonme of the systens optim zations that
Margaret nentioned a little bit earlier. There's a whole |ot
of eval uations underway right now But, our planning at the
repository is, be it by truck or train, to have the right
flexible facility to receive and enpl ace the necessary waste

for disposal

CORRADI NI :  Ckay. So, just one followp, and that is
that the--Mark said it better than | will, so I'll do it
i nperfectly, the human factor of properly explaining and
all owi ng people to respond and then re-expl ai ni ng and

all owi ng people to respond, that whol e aspect is a dynamc
that the other part of the engineering systenms won't see.
So, have you figured in the tinme that that's going to take?

Because the surface facilities and the ability to get them
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fromPoint Ato Point B at the surface facilities is very
inmportant. And actually the ability to do that and build
confidence there by actually doing sonething rather than
pl anni ng sonet hi ng or cal cul ati ng sonmet hi ng goes orders of
magni t ude.

ARTHUR R ght.

CORRADINI:  So, is that being discussed?

ARTHUR: Right. And we'd be pleased to present that at
a future neeting. | mean, there's a lot of discussions
underway right now, as Nancy said, to get the surface design

you know, stabilized, get that conpleted and then the

precl osure safety analysis. But with that, you know, things

vary quite a bit, and that's a big conplexity of WPP. |
mean, you | ooked there, we've have three true packs come in.
They'd go in. W'd lift the lids, and out would come the

cont ai ners.

Here, a lot of flexibility depends on is it Navy
fuel, is it commercial fuel, and other areas about whether it
goes into a staging area, whether it goes directly into the

facility. So, we're doing a |ot of optimzations right now
to | ook, regardless of the transportati on node, that we have
the flexibility in that first leg, and | say first |eg of
that repository surface design, that's the first one that we
could, you know, design and fully construct to handl e the

material at the right ranmp-up rates. And we'd be glad to
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share that with you in time, because we're still maturing.
nmean, every day there's a lot of trade-offs going.

The good news about that is, you know, that's past
the license. W are |ooking at some of what it takes to
operate this facility.

REI TER: Leon Reiter, Staff.

John, you nentioned before sonething about seismc,
and | think Budnitz, Bob, was going to do sonme stuff and
you'd be looking at this after LA At a Panel neeting
several nonths ago, at which DOE presented sone of its work,
many of the people, DCE, consultants and DOE peopl e
t hensel ves, presented the fact that the ground notions being
used for the postclosure were very high, to the point of
bei ng physically unrealistic. And the intention was--ny
guestion is are you going to proceed with those kinds of

notions to the license application, or are you going to

nodi fy thenf
ARTHUR: Let me ask Nancy. And |I'mdeferring to her
because they have responsibility on the |icense application.

WLLIAVS: Right now, we're taking parallel tracks on
that. W are doing the analysis for the truly unrealistic
notions, and we're doing what we're calling the saturation
study to | ook at how nuch energy really can nove through the
system and that's going to continue into early '04.

REI TER: The question is do you intend to nodify the
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analysis to take those studies into account before LA or
post - LA?

WLLIAMS: | would anticipate that that's information
that will be available after the formal submttal. It wll
not be able to be factored into the AMRs. That's just due to
| ogi stics of the schedule and where we are in tinme right now,
because that's an input. The information clearly wll be
available in tinme for discussions with the NRC

CORRADI NI : Ot her questions?

(No response.)

CORRADINI: | think we have a break. Thank you, John,

very nuch
We have a break for 15 m nutes--20 mnutes, and
we're going to have the audi o visual fixed.

(Whereupon, a brief recess was taken.)

DUQUETTE: M ke introduced ne earlier. |'m Dave
Duquette. |I'ma nmenber of the Board, and I'll be chair of
this nmorning' s technical session, in contradiction to the
managenent session we had earlier.

As M ke said, and as indicated on the program the
Board has requested that the DOE describe the thermal aspects
of the current repository design and operating node, and how
t hese aspects have been anal yzed, and the results of those
anal yses.

To begin today's session, Bill Boyle fromthe DOE s
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O fice of License Application and Strategy will present the
| ogic for evaluating engineered barrier systens.
Subsequent |y, Bo Bodvarsson--1'm going to pronounce it, |
hope that's not too bad--Director of the Earth Sci ence
Division at Lawence Berkeley will describe the character of
t he unsaturated zone. There will be a brief, a very brief
question and answer period after Bill Boyle's presentation,
and a longer one after the second presentation. W' Il break
pronptly at noon and reconvene at 1:30. There will be an
extended session for questions later this afternoon.
Qur first speaker is Dr. WIlliamBoyle. He's the

Director of the Postclosure and License Acquisition D vision
in the Ofice of License Application and Strategy, the Ofice
of Repository Devel opnent. The Division is responsible for
the preparation of the license application, the devel opnent
of the total system performance assessnent, and devel opnent
of the underlying technical bases. At one tine, Bill sat on
the other side of the table and was in the NRC. He holds
degrees in geology and in civil engineering fromthe
University of California at Berkeley. And, Bill, I'll turn
t he session over to you.

BOYLE: Thank you for that introduction and the
opportunity to nmake the presentation this norning.

"1l introduce a series of talks, and in these

tal ks, as a project, we hope to show our logic for
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under st andi ng t he engi neered barrier system performance and
why we are confident in our understanding of that
per f or mance.

Al though the title focuses on the engineered
barrier, you will also hear talks related to the natura
system because the natural system hel ps create an
environment in which the engineered barriers nust perform
And whenever | nake a presentation |like this, it's usually
based upon the help frommany others, and I'd like to
particularly recogni ze Martha Pendl eton for hel ping put not
only this talk together, but the others, and al so the people
in BSC G aphics.

The objective of all these talks is through a
series of integrated presentations. Dr. Chu this norning
referred to it as an integrated story, to denonstrate our
technical basis for the evolution of the in drift environnent
and the effects on netal degradation during the postclosure
peri od.

Now, the tal ks today are going to focus in only on
part of the problem but it's nost of the problem W' re not
going to tal k today about some of the events or processes
that are certainly relevant, and we'll certainly have to talk
about themin the license application. But sonme of the
exanples are listed in that sub-bullet. W're not going to

tal k today, for exanple, about the effects of seismc events
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on the natural systemand how that in turn mght affect the
envi ronment that the engineered barrier sees.

This has already partly conme up this norning in
earlier talks. The license application will be for a hotter
postcl osure condition. However, we do maintain the
flexibility to achieve cooler conditions in the postclosure,
and | think nost people know this, but I'll repeat it. W
can, with the current design for the subsurface nmake it as
cold as anyone wi shes sinply by running the fans for as |ong

as necessary to achieve that condition. That's the prine
means of achieving the flexibility, but there are other ways
as well, including staging of the waste at the surface before
it goes underground. But, the fans alone can do it.

Alittle caveat. The date and concl usi ons
presented today are prelimnary. As always, the final rea
story will be in our |icensing basis docunents, the analysis
and nodel reports, and |icense application itself.

This is a busy slide. You' re welcone to examne it
at your leisure. Al | really want to get across with it is
that heat affects the natural system which in turn affects

t he environment of the engineered barrier, in this case, the
wast e package, and it will affect the corrosion thereof and
t he perfornmance thereof.

Next slide. Can you go past this one? No,

actually we changed it. | think they're out of order in the
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handouts. | want to talk about this slide first, and its
cousins are shown throughout the room There is one to ny
left, your right. There's another one over there. There's
one right here to ny right. And there is another one back
there. At least, it's the center portion of these big charts
that is reproduced here with mnor variations. There was a
little version control issue as we were rushing to put these
together, but actually the differences mght |lead to very
stimul ating di scussions |ater on.

The overarching purpose for these charts, if you
will, and there's actually two different charts, was to use
them as a neans for conmuni cations, and al so hel p our

under st andi ng and hel p others understand what it is that's

happening in the drift as it evolves as a result of the heat

affecting the natural system which in turn affects the
engi neered barriers.

Now, I'll spend a little bit of tinme tal king about
this chart, because it is in everybody's handout. It's
around the room and the other speakers may refer back to it.

The Y axis is a linear axis of tenperature. The X
axis is a logarithmc axis of tine. And the main thing
that's being presented here, and as Dr. Di odato recognized,
it is fromthe supplenental science and perfornmance anal yses,
it's a plot of tenperature versus tinme for two different

wast e packages, a hotter one, which is a hotter waste
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package, it's the upper curve, and the cool er waste package,
cool er because it has different heat output, is shown right
t here.

Now, these cal cul ations were done for a specific
| ocation. This one chart in and of itself doesn't contain
all knowl edge with respect to the tenperature of waste
packages versus tine. For exanple, we in this one chart do
not represent the differences in tenperature due to
differences in location within the repository, you know, on
t he edge versus the center, but for a nmeans of the purposes
today to get across our understanding, it will certainly
wor K.

So, the region between the hotter waste package,

t he upper curve, and the | ower curve, is in purple here.

It's in dark gray on the black and white slides, if you wll,
and it defines a rhythm if you will, that goes across the
chart, a purple ribbon.

Now, also what's shown on this slide are three
tenperature regions, an orange region that's, and again in
t he black and whites, all the colors, the different colors
for the tenperature regions | ook the sane, so it's not only
orange, but it's at the upper part of the diagram and it
represents hotter conditions that are typically dryer, and
also typically where we are focused nore on the natura

syst em perf or mance.
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The blue, or lower part of the diagram is cooler
tenperature, and generally speaking, wetter tenperatures.
And internediate, in between is a tan color where it's
internediate in tenperature and also internediate in terns of
noi sture conditions we m ght expect. In the blue region,
we' re focused nost, or nore, on engineered barrier
performance, and in the tan region, it's a mxture, if you
will. W need nore precise knowl edge of both the natural and
engi neered systens.

Now, I'll say a little bit about each region. As |
t hi nk you can see right here, the basic concept is is up in
this orange region, we have protection of the entire waste
di sposal systemlargely through dryout. The heat has driven
the water away, and we also lost a |lot of noisture sinply due
to the ventilation before closure.

The blue region is an area in which the water wll
come back. It's cooler. The relative humdity will be
hi gher, and there's increased chances of seepage in the
drifts, if you will. But, our protection is supplied largely
here sinply by the characteristics of the Alloy 22. It's in
a region, it nmeans cooler tenperatures, that it's based upon
our know edge to date that the corrosion is rather
insensitive to our expected water conditions for these
t enper at ur es.

It's the tan region where there is a possibility of
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water comng in, and the tenperatures are such that we do
need to understand the chem stry of the water in order to
determ ne the corrosion behavior of the Alloy 22. That's the
regi on of nost interest.

You will notice that the color schenmes here are
gradational, that the orange tends to grade into the tan, and
blue tends to grade into the tan, and you will al so noti ce,
and here's the difference between what's in your handouts and
what's shown here, are these lines, these dash |ines.

They're shown as dash lines for a reason in that their
absolute location is not known with certainty. And that's
t he purpose of the color gradation as well.

If we lived in a conpletely determnistic certain
worl d, we would be able to draw sonme of these boundaries as
straight lines at a known tenperature. And one of the upper
lines woul d represent a tenperature such that any tenperature
above that we would be able to say there's no seepage.

That's a line that would be | ocated right about here. But
one of these lower lines, and it's a question of, and this is
the difference between this slide and the one in your
handouts, is it's a tenperature that bel ow which we don't
need to really be worried about the chem stry of a aqueous
solutions sitting on the Alloy 22. It will largely be
corrosion resistant. And the question is is does that line

pl ot here, does it plot up here, does it plot at 100 or 10,
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just where does it plot? And it's actually covered--it's al
wrapped up in these slides right here, and how one w shes to
fit aline to those data points, or draw a boundary line to
t hose data points.

Now, | discussed with respect to a determ nistic
world, and if it were determnistic, if we could show that
the no corrosion line was at a higher tenperature than the no
seepage |ine, then everything would be fine forever,
essentially, if you will, that either both nechanisns woul d
be working all the tinme, or would be working together sone of
the tinme, but in all cases, one or the other would be working
for all tine. And that is either the heat woul d be keeping
the water away, or even if it weren't, we wouldn't need to
real ly understand the aqueous chem stry of the water because
for the given tenperatures at which the seepage coul d occur

the corrosion woul dn't be an issue.

Now, we don't live in a determnistic world, which
is why we shaded the colors and drew the |lines as dashes, but
the principle is still the sane. The higher we nove the no
corrosion line and the | ower we can nove the | ow seepage

line, the extent of this region in which we need to know both
the chem stry and the tenperature beconmes snaller and
smaller, both in tine and also with respect to concern. Now,
the remaining talks will deal with these three regions.

Al'l right. How many peopl e have never heard of
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that word before, ternary diagrans? |'mhere to explain what
a ternary diagramis and howto interpret it and how to read

it, because it will be used during the remai nder of the

tal ks. You can even see one on the chart right here. It's a
gr aphi cal techni que that geochem sts use to hel p conmuni cate

t heir understandi ng of aqueous solutions, what's dissolved in
them and what m ght precipitate.

In this case, we're only showi ng three species, if
you will, sulfate, bicarbonate, but in this case, it also
represents all the carbonate present, you know, although the
synbol is bicarbonate, we've al so got actual carbonate
accounted for there, and cal ci um

Now, there's nuch nore going on in the water at
Yucca Mountain than just sulfate, bicarbonate, or carbonate,
and calcium But, through the use of this sinple diagram we
can get nost of the story, just using these three species.

Dr. Bodvarsson will nention in a later slide how many we
actually keep track of in our calculations.

For those that are nore mat hematically inclined,

i nstead of geochemcally inclined, you can think of this
diagramas |like the first ordered termof the Taylor Series
Expansion. It's a lot of the answer, but it's not the
conpl ete answer.

So, what are we showi ng here? There are three

vertices, sulfate vertices, bicarbonate/carbonate, cal cium
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There is al so opposite each of the vertices is a base, if you
will. You' re just going back to sinple geonetry. So,
opposite the sulfate vertex is this base over here. And
parallel to that base are a series of lines. At the vertex
itself, it's 100 per cent sulfate in this case. At the base,
it's zero per cent sulfate, and each one of these parallel
lines represents an increase in 10 per cent of concentration
of sulfate. And, simlarly, there's 100 per cent calcium 90
per cent, 80 per cent, 70 per cent, all the way down to zero
per cent.

Al'so on this chart right here, equal parts cal cium
and carbonate, right there gives you calcite, and there's a
blue I'ine that goes over here to the sulfate vertex and what

we need to know is is that in this triangular region down

here, precipitation of calcite alone will renove all the
calciumfromthe system

If we are above the blue line but below the red
line, this point here is gypsum equal parts cal cium and
sulfate. This over here remenber is calcite. Belowthe red
line, we can renove all the calciumfromthe systemsinply by
the precipitation of gypsumand calcite. Above the red |ine
there is excess calcium if you will. W cannot renove it
sinply by precipitation of calcite and gypsum

Now, calciumitself is really of no concern for us.

It's just a proxy, a stocking horse for the things that
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remain. |If we have precipitated sulfate and carbonate,
bi carbonate, the things that remain include chloride,
fluorine, things that are of concern to us, but also all the
ot her species that aren't represented on this chart, nitrate,
phosphate and many others. But, as you proceed up here and
you've |l ost the sulfate and bicarbonate, this region tends to
be nore corrosive.

Now, what el se does the chart show us? What we
have here is, for the nost part, pore waters fromtwo

di fferent broad geologic units out at Yucca Mowuntain. The
green squares are pore waters, and their conposition is from
the Pai ntbrush tuft, non-wel ded unit above the repository
horizon. The red triangles and blue circles represent pore
waters fromthe Topopah Spring unit, the repository horizon
itself.

What you'll see in the later talks is fromthese
initial conditions out of the waters evol ve through
evaporation and dryout. An initial water will tend to

mgrate on this chart as various solids are precipitating.

Now, getting back to--this chart doesn't show
everything--you' Il see that sonme of these repository waters
are plotting up in the seemngly nore corrosive area, and in

|ater talks, you'll hear why these really aren't corrosive
for our conditions, and it's because of the other species

that aren't shown on this chart, in particular nitrate, they
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hel p take care of how corrosive the water actually is.

Anot her inportant point to renenber fromthis chart
is the starting points of the non-welded unit pore water is
different fromthe Topopah Springs pore water starting point.

And it's inportant to renenber you can't make a sow s ear
out of a silk purse in this case. That is, where you end up
on this chart is, in part, determ ned by where you start on
t he chart.

This is what you're going to hear for the rest of
the day. You're going to hear a talk fromDr. Bo Bodvarsson
from Law ence Berkel ey National Lab, and he'll talk nore
about the natural system the character of the unsaturated
zone, and how it's affected by the heat.

You'l'l hear a presentation by Dr. Mark Peters of
Los Al anps National Laboratory. This is the marriage of the
natural systemand its effects on the engi neered system
And, finally, you'll hear a talk fromDr. Joe Farner of
Law ence Livernore National Lab on the materials
performance, that given the conditions that are created in
the drift, what happens to the engi neered barrier.

Wth that, that's ny last slide.

DUQUETTE: Thank you. Because these are introductory
comments and nost of the other talks are going to be keyed to
this, 1"'mgoing to ask the Board to only ask questions of

clarification at this point, because there's an extensive
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di scussion period after each of the other papers. And, so,
are there any questions fromthe Board on clarification of
what Bill has said?

CERLING  Cerling, Board.

On your ternary diagram which was the |ast one?

BOYLE: Right. The triangle diagran?

CERLING Yes, the triangle one. Presumably those are
nol ar concentrations. And, so, what |I'm wondering, because
you take--1 guess ny question is are these nolar
concentrations or equival ent concentrations? Because it

takes two nol es of bicarbonate to get a calcium And, so,
|"mwondering if the blue line is really correctly plotted.

BOYLE: Right. Well, to tell you the truth, it used to
be plotted somewhere el se. And what Professor Cerling is
getting at, and this is really off into the details that
interest the geochem sts, there's a difference in these
charts if you keep track of noles. That will be a chall enge
for people to go back to their chemstry. O you keep track
of the species in equivalents, and they' re not the sane.

And the original charts, actually, as it was
explained to ne, were plotted in terns of equivalents, and
the calcite point was up here two-thirds of the way al ong
t hi s base between bicarbonate and calcium So, it does nake
a difference apparently if you plot these as noles or as

equi val ents, and the experts in this case, and | am not an



© 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

87

expert in this diagram have chosen to plot it here.

But, whether or not it's correctly plotted I wll
defer to the experts, but for sone of the purposes of the
conversation today, whether it's here or up here, then this
blue line would shift, but what wouldn't change is if you are
bel ow the blue line, you could get rid of all the calcium if
you will, sinply by precipitation of calcite.

Now, it's also ny understanding that although these
can be drawn differently, they actually would tell the sane
story in an understandi ng sense. One can chose nol es or
equi val ents, apparently, and in this case, they have chosen
this representation.

Does that help? | hope that helps for the
audi ence, and | hope it helps for Professor Cerling. The
experts who drew this aren't here, and | actually recreated
this by hand nyself, the earlier version when they were using
equi val ents when the calcite point was up here, and | was
quite confortable with it, but they decided to switch to
this, and | have not bothered to recreate it by hand.

CORRADI NI : Corradini .

| had a question about the other figure you had,
the multi-colored, nmulti-faceted. That one. The purple
band, you said it quickly and I didn't catch it. | was
trying to wite it down. You said the upper part of the

purpl e band is one canister power, and the |lower part of the
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purpl e band is another canister power. D d you tell us what

those were? | forgot.
BOYLE: No, | didn't. | would have to ask JimBlink
CORRADINI: Is it a factor of two? |Is it approxi mately-

-what are we tal king about there?

BOYLE: You know, | don't know. Jimis in the audience.
There he is. JimBlink of Lawence Livernore National Lab.
These results are fromthe supplenental science and

per f ormance anal yses published about two years ago.

BLINK: The top one is the design basis waste package in
the SSPA, of the order of 12 kilowatts, as | renenber, 12 or
14, something like that per waste package. And the bottom
one is a high | evel waste package, which is a kilowatt or so.

So, it's considerably different.

CORRADINI:  So, this is an order of nmagnitude?

BLINK: But the waste packages share heat with each
other. So, it's not fair to treat them as the whole
repository being one or the other.

CORRADI NI :  Just so I'mclear, so the |ower part of--so,
two questions, or two clarifications. So, one, this is
totally power uncertainty. This is not engineering
uncertainties?

BLINK: That's correct.

CORRADI NI :  That's question one.

BOYLE: There's a whole | ot of uncertainties not
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represented here.

CORRADI NI :  Ckay. And then question two is the power
uncertainty as described, this is the whole field of these
things at one kilowatt versus 12 kilowatts, or an inter-

m xture would create the variation?

BOYLE: M understanding is is that in the SSPA
calculations, it was a |line |load of sone given power density
per nmeter, and that given power density per neter was
generated by an inter-m xing of waste packages with different
heat out puts.

CORRADI NI Okay. Al right, thank you. And then
second--or the third clarification is the peaking, the
characteristic of the peaking is totally driven by the fact
this is a closure at 50 years?

BOYLE: Yeah, whenever the--if it states that on there,
then that's right.

CORRADI NI :  Well, I just assuned it since you started

everything at 50 years.

BOYLE: Right. [It's the higher thermal operating node
results.
CORRADI NI :  Okay, thank you.
BULLEN: Bul | en, Board.
Since lI'mlimted to questions of clarification,
do have a question of clarification. |If you |look at the
dotted lines that you called our attention to, and conpare
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the projected version versus the hard copy here, you have a
coupl e of boundaries, one with threshold, that one exactly
where you set it for the project, and the project sets it at,
what is that, about 135, 1407

BOYLE: | think it's 140.

BULLEN: 140. And yet over here, it's set at 110.

BOYLE: Right.

BULLEN: And, so, can you describe for nme the evol ution
of the process of where you set that threshol d?

BOYLE: Discussions, and | don't even know that it's
finally set yet, and Joe Farmer will bring it up.

FARMER  Sonme of this has to do with materi al s,
nmeasurenents that have been made. | think the ol der version
that | think Bill showed you on the chart, shown on the
vi ewgr aph projector, or the lap top projector, those are
ol der data and those correspond to neasurenents that we
showed you back around the first of the year. And, frankly,
t he charts shown on cardboard are the nore recent data.

One of the criticisns that we received in January
was that we needed to fill in the data. So, during break, or
if you want to conme up, we can show you we coll ected
substantially nore data since the January presentation, and
we now are able to identify things such as the threshold
tenperature for crevice attack of the Alloy 22 wth greater

certainty that we could in January. So, the chart that Bil
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has on the overhead projector is a much older slide with

ol der data. The ones on the posters are the nore recent and

probably the ones that you should really pay attention to.
CORRADI NI :  Are there other Board questions? Paul ?
CRAIG This is Paul Craig. This is nore in the nature

of an observati on.

Thi s norni ng, we heard about how prograns are being
shut down and the science prograns are being shut down in
particular, and now we're seeing data which appears to ne to
be critical data, which is very recent, within the |ast six
nmont hs or so, which suggests to nme that nmaybe the science
remai ns unstable even at this tine, and there's a real risk
of not collecting new science because there may be a | ot nore
to be learned. This is not a new nessage. This is a nessage
with the programfor many years, and | don't know whet her you
have a response to it. Because if you don't collect
know edge, then you don't |earn about problens. That's
certainly a way to be safe

BOYLE: And |I'd just like to point out that although we
did suffer a large cut in funding, $134 mllion, that still
left $400 plus million to |l ook into science, engineering, and
everything el se, pay federal salaries, travel, everything
el se that's done, but there still is a |lot of noney left for
science, not only this fiscal year, but in all the

i nterveni ng, you know, the succeeding years, there is a
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commtnent. You've heard fromDr. Chu | think first a year
ago this nmonth at this neeting, her conmtnment to science,
but also in the regulations, there's a commtnent to science
and further understandi ng.

CORRADI NI :  Staff questions? Carl?

DI BELLA: Yes, | think you said that this is not the
| atest chart. The latest chart is the ones on the easels,
and that we are going to be referring to those later on in
the presentations. But, still | have a question about this
particular chart. There's a note there sort of in the center
of the chart way over to the right saying threshold
tenperature of the localized corrosion in calciumchloride
brine, conservatively recommended by others. Wo are these
others that are doing testing in calciumchloride brines?
don't want to know what their tenperatures are, but who's

doing this testing?

FARVER  Well, | will try to answer that question.
First of all, again reinforcing that this is an older chart,
and actually this is the original graphics draft that we put

t oget her, and when we said recommended by others, frankly, we

put in nunbers that were recommended to us by this Board in

January.
So, for exanple, we cane to you and said, well--
DI BELLA: Based upon testing?
FARVER: Exactly. If we plot these data points up in a
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straight line, you know, they intersect at 140 degrees
centigrade, and you very correctly pointed out that there
were relatively few data points, and that a slight shift in
the sl ope could have a dramatic inpact on one's concl usions.

So, intrying to put together our draft chart,
which Bill is showing you, we wanted to reflect the fact that
our sinple mnded linear plot was not the grand sumtotal of
all human know edge having to do with the subject. So, we
put that on the chart, and what you'll see in the later
versions, and we actually have handouts that we'll give you
that each Board nmenber will get a commenorative copy of these
posters, but basically what we show you in these |ater
versions of the chart is that we have in fact gone and
coll ected nore data and we now have actually identified these
tenperatures with a nuch greater degree of confidence than we
could in January.

So, a lot of hard work and a I ot of effort has gone
in between January and this point to try to better define
these thresholds. And as a result of that, you see that
t hose dash lines that are in the original draft that Bill was
showi ng you on the screen have noved, and they're now
| ocated, again to the best of our know edge today, as they're
shown on the easels.

LATANI SI ON: Just a followp. Latanision, Board.

| think in ternms of the timng, after the January
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nmeeting, the Board did visit the folks in San Antoni o at
CNWRA, and ny recollection is that they had shown us sone
data that did indicate a nuch | ower threshold. Now, |
suspect we'll hear sone of that tonmorrow from Gustavo
Cragnol i no.

FARVER: That's correct. And what we will show you
today is we've collected simlar data. W'Ill also show you
today sone long-termcorrosion potential data that extends
out over one and a half years, and | think as we converge on
what we believe to be the correct answer, we believe you can
operate certainly the base netal, the unwel ded base netal, up
to around 100 degrees centigrade, which coincides with the
boiling point. And Bo will show you that above the boiling
poi nt, we expect relatively little seepage into the drifts.

So, we would like to lay out for you today this
whol e story and tie the environnent to the waste package.

LATANI SI ON:  Lat ani si on, Board.

|"msure we'll cone back to this, Joe, but you said
sonet hing very inportant, and that was unwel ded.

FARVER. That's correct. W'Ill show you data today in
the fourth presentation in the series of four that wll
illustrate for you the change in corrosion potential with
time for both base and weld netal.

LATANI SI O\t Good. Thank you.

DUQUETTE: | think we're violating ny gane rules. W're
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getting beyond questions of clarification, and, so, |I'd |like
to keep us on schedule and go to the next speaker, please.
And that's Dr. Gudnmundur Bodvarsson, known as Bo. He is the,
at Law ence Berkel ey Laboratory, he is the lead for the Yucca
Mountain project, and Director for the Earth Sciences
Division at Lawence Berkeley. H s research specialties are
geot hermal reservoir engineering and nucl ear waste di sposal .
He hol ds degrees in mathematics, physics, civil engineering

and geol ogi cal engi neering.

And, with that, Bo, I'll turn the floor over to
you.
BODVARSSON: Thanks a | ot, and good norning, everyone.
Li ke the Chairman said, ny nane is Bo Bodvarsson,
forget the long nane here, it's just Bo, very sinple, and I'm

from Law ence Berkeley Lab, and I'"'mgoing to give the first

of the three technical talks. |I'mvery pleased that Bill,
Dr. Boyle, | guess introduced us very properly.

My job is to take a | ook at the rock, and then Mark
Peters is going to ook inside the drift, and then Joe Farner

is going to | ook at the waste package.

Wiy is all of this inmportant? Wy do we need to
| ook at the rock or waste package corrosion rates? And the
sinple answer to that obviously is that the pore water that
may go into the drift contains chem cal conponents that are

found in the pore water in the rocks. So, we have to start
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by I ooking in the rock, then look at the water as it goes
into the drift and vaporizes, and then | ook at the conditions
around the waste package. So, that's ny job

| amgoing to talk about the unsaturated zone. [|'m
going to give you a little background about the unsaturated
zone, and then go nore into the specific issues, which is
basically how nuch water is going to seep into the drifts and
when. And what is going to be the chemstry of this water
that's going to affect the environnment around the waste
package?

This work represents a | ot of people that work on
t he unsaturated zone, both at all the |labs, and the U S.

Geol ogi cal Survey.

My outline is very sinple. I'mgoing to tell you a
little bit about the unsaturated zone, the geol ogy and what
data we have collected. I1'mgoing to tell you about the
conceptual nodel understandi ng of seepage and coupl ed
processes, because this affects water going into the drifts
and the chem stry of those waters. I'mgoing to tell you
about thermal hydrol ogi cal processes and seepage during the
thermal period. Then I'"mgoing to talk to you about the
chem stry, starting with the chem stry of the pore waters,
how t hey evol ve during boiling and condensati on, and what can
possibly go into the drifts. And then I'mgoing to sumarize

and concl ude.
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So, first before we | ook at coupl ed processes, we
nmust under stand how nuch seeps during the anbient non-therm
period, and what is the chem stry of those waters, and |I'm
going to start by telling you a little bit about that. Then
later on, I'Il tell you the chem stry of those waters,
because the chem stry of those waters may be different from
the in situ pore water chem stry. Then I'mgoing to tell you
about the thermal period and the boiling and condensati on
effects, and I"'mgoing to argue and |'mgoing to tell you
that very little water will actually seep during the therm
period. And |I'mgoing to show you evi dence why we think
that's correct.

Then 1'"mgoing to tell you a little bit about if
sonmet hing would seep into the drift, what would be the
chem stry of that water during the thermal period. So, those
are the things I"'mgoing to tell you about. And then, of
course, Mark will take this chem stry and this water inside
the drift and | ook at the thernodynam c changes, and then an
overl ook of actually the corrosion rates next to the waste
package, at the waste package.

Now | 'mgoing to tell you a little bit about the
unsaturated zone. And here, you have our site scal e nodel
which is a three di nensional nunerical nodel that cal cul ates
flow and transport and thermal and chem stry in the

unsaturated zone. You see it's very fine-gridded, in the
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repository area, which is |l ocated here. You see also the
exploratory studies facilities, the tunnels and where we get
all of the data from Then you take a cross-section, north-
south cross-section, and you get sonething |ike that where

t he nodel actually reflects, of course, the topography, the

| ayering, faulting, and all of the details of the unsaturated
zone.

You see in this north/south cross-section the
proposed repository is only in the | ower |ithophysal rock.

If you could take a cross-section east/west, you will see
part of it in the mddle non-lithophysal and other rock
units. But this is by far the nost predom nant, about 80 per
cent, of the repository is going to be in the |ower

i thophysal .

This is just to give you a little view about how
smal | volunme of this rock mass the drifts actually occupy.
The drifts are about 5 1/2 neters in dianeter. It's about 81
nmeters between drifts. So, in this very small unit here, you
see that the drifts occupy a very, very small part of the
rocks after you have drilled the enplacenment drifts.

This just shows you the tunnels where we do a | ot
of testing, and just to point out the heater test, which is
really the nost inportant test for the coupled processes, is
| ocated in Alcove 5 around here. But we have done seepage

tests that 1'malso going to talk about in various niches
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| ocated in different repository units.

Now, I"mgoing to start with seepage and coupl ed
processes, and our conceptual understanding with reference to
that. And if anytine you have questions, | don't mnd, if
the Chairman doesn't mind, you can ask. Feel free to ask

The seepage into the drift has been studied for
about five to six years now where we do very sinple but very
effective tests. Here, you have a niche with a drift. You
drill bore holes above the niche. You put water into the
bore holes, and then we measure how nmuch of this water we put
into these bore holes actually seeps into the drifts, and
what fraction then goes around the drift.

Way is this concept inportant? It is inportant
because the drift is a capillary barrier. Wter does not
want to go into big openings. Water wants to stay in the
fine grain material. That's what surface tension is al
about. That's what capillary pressure is all about.

Wiy is that inportant? |It's inportant, if no water
enters the drift, then we have nuch | ess problemw th
corrosion rates. W have great difficulty nobilizing the
wast e when the waste packages fail, and we have great
difficulty actually transporting the waste to the
environment. So, water going into the drift is a key.

Water, we find out, you can |look at this graph

here, first of all, our average water flow through the
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mountain is about 5 to 10 mllineters per year, which is a
tiny anount, just like that per year, a very small anount.
We cannot test seepage under those conditions because (a)
nothing is going to seep, and (b) at these lowrates, the
tests just take way too long. W cannot wait thousands of
years to see if sonmething seeps, which it won't.

So, what we do, as you see here, we carry out this
test at nuch higher rates, and you see here 1.2 mllion
mllinmeters per year, going to 300,000, going down and down
and down. What this denonstrates clearly is that you have a
capillary barrier effect, and a capillary threshold bel ow
which if you have a percolation flux nmuch bel ow 8, 000
mllimeters per year, you will get no water into the drifts,
no seepage of any ki nd.

We find that for nost of these units, the | ower
I ithophysal and the m ddle non-lithophysal, the seepage
threshold is on the order of a thousand mllinmeters per year,
which is 200 tines, roughly, the current percol ation fl ux.
So, that says that under current conditions, we will have no
seepage into any of the drifts unless you have a huge fault
where a ot nore water is going through them So, this is a
very imnportant concept.

BULLEN: Bullen, Board. Just a quick question to follow
up on that.

What ki nd of heterogeneity did you have in the rock
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structure when you did these kinds of experinents? D d you
have an active fracture that was flowi ng, and the matrix?

BODVARSSON:  Yes.

BULLEN: Basically, so you had both matrix and fracture
flow that was occurring in these tests, and so that's where
you cane up with the nunbers?

BODVARSSON: The degree of heterogeneity at Yucca
Mount ai n covers four orders of magnitude in the fracture
system Basically, whenever you take perneability
nmeasurenents, they range froman upper limt of from 100
darcies, and a lower Iimt of a mllidarcy. Four orders of
magni tude. The sane variability we see in our seepage tests.

We do air-K tests at different intervals so they reflect the
degree of heterogeneity that the whol e nmountain reflects,
which is four orders of nagnitude.

We do seepage tests at intervals, sone of it is
very |l ow perneability, other ones are very high perneability.

We have seen, as you suggested, a definite indication of
where we can actually map a fracture directly from one of
these intervals straight to the ceiling of the niche, and see
actual ly seepage through that feature. So, | think nost or
al | degrees of heterogeneity that we see in the nountain are
reflected in our seepage dataset. So, this is a very
i nportant concept, a thousand mllinmeters per year, 200 tines

nore than the current one.
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So, one can argue that perhaps no water can ever
seep into the drifts. It's very inportant. Here's sone of
the instrunentation that we actually used to test seepage.

Prior to, during and after each test, we do
predictions, we do calibrations, and we do validations of the
nodels. Prior to the test, we predict where we expect
seepage to occur. This is the nodel run that shows a
het er ogeneous perneability field. Those are the different
colors reflecting different perneabilities. The four orders
of magni tude we neasure are reflected in our nodels. You see
here progressing timew se, a test where we inject in the
begi nni ng, and you see it starts to spread, and then it
starts to go around the drift because of the capillary

barrier effects.

CORRADI NI :  Corradini, Board.
So, let nme ask, so how did you get the orange and
the light orange? D d you just, what shall | say, randomy
select it? You didn't nmeasure this?

BODVARSSON:  This follows up a question by Dr. Bullen,
and what we do is we nmeasure systematically in all of the
borehol es with packer tests air perneabilities. W get from
that a frequency versus perneability diagramthat says this
is what this is, the percentage of the rock that has this
pernmeability, this is the percentage of the rock that has

this perneability. You get the correlation |ength.
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Correlation length says that the distance between an area of
| ow perneability to an area of high perneability is this many
nmeters, or this many feet. Using all the statistics, we
random y occupy this volunme of rock with those statistics
that realistically then reflect the heterogeneity of the
medi um

CORRADINI:  So, to say it back to you so |I've got it
right, so you create a unit cell, which you think you' ve
characterized, and then you replicate the unit cell randomy?

BODVARSSON:  Yes, except a unit cell inplies one
permeability.

CORRADINI:  No, no, | neant the unit cell may have

heterogeneity in it, but you try to characterize the unit

cell, and then you replicate that unit cell throughout the
rock?

BODVARSSON:  Yes.

CORRADI NI :  Ckay. Second question then is what do you
do about the surface of the tunnel?

BODVARSSON: The surface of the tunnel here?

CORRADI NI 1 Yes.

BODVARSSON:  What do you nean what do you do about the
surface?

CORRADINI: | nean, is it perfectly snmooth? Does it
have roughness? What's the length scale of roughness?

BODVARSSON: The surface of the tunnel, because this is
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drilled out, it has sone roughness to it. This roughness of
the tunnel is reflected on our test results that we showed on
the last slide. So, all of the data reflect the roughness of
the surface of the tunnel. W have not found that this
roughness of the surface matters a heck of a lot in the
seepage cal cul ati ons.

CORRADI NI : Onh, you haven't?

BODVARSSON:  No.

CORRADINI:  So, let nme turn the question around and then
"1l stop. So, if | take a ping-pong ball size |length scale,
tennis ball size length scale, or basketball size |ength
scale, that doesn't affect the seepage on the surface?

BODVARSSON: No. You are very correct about that. Wat
| was saying is that if you had a tennis ball, and if you
have a very fine snooth surface versus a little coarser, the

seepage is not significantly altered. Wen you go froma

golf ball to a tennis ball to a basketball, what's bigger
than a basketball? Beach ball. The seepage characteristics
are different, because the scale is 1 over R where Ris the

radius of the ball, so the bigger the opening, the nore
per cent age seepage you will get. But that's all taken care
of in both our analytical and nunerical work.
Did | answer your question okay?
CORRADI NI . Yes.
BODVARSSON:  Yes, sir?
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PARI ZEK:  Pari zek, Board.

Wiile we're on that diagram the solid orange on
the bottom these explanations, because you have a scatter of
points on the right and above, but the solid seens like it's
all drying out, is that based on nmeasurenents?

BODVARSSON: Wi ch one are you tal ki ng about now?

PARI ZEK:  Underneath the--

BODVARSSON:  This thing here?

PARI ZEK: Yes. Right. 1Is that a drift shadow, in other
wor ds?

BODVARSSON: This is just a little--1 think it's just
the color schene. This has the sane heterogeneity, and |

apol ogi ze. There should be nothing different there fromthe
rest of the rock. So, | apologize for that figure. It's a
good questi on.

CERLING  Cerling, Board.

Does this nean that in the initial conditions, that
the saturation of the pores is near zero per cent, that is,
you're starting out with a perfectly dry rock?

BODVARSSON: | apol ogi ze for that again. This is
actually the fracture system The fractures thenselves are
very dry. W estimate that about 5 per cent saturation in
the fracture system This is the heterogeneity of the
fracture system But, actually, the rock nmass itself has 80

to 90 per cent saturation. So, it's alnost fully saturated
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with water. These cal cul ations, since our testing is so
close to the drift, are dom nated by the fracture continuum
and the matrix continuum has very little effect on these
measur enents, because the matrix perneability is orders and
orders of magnitude | ower than that of the fractures.
Does that answer your question?
CERLI NG  Yes.
NELSON: Just to close the circle there. Nelson, Board.
The application of the capillary barrier concept is
classically based on certain assunptions that have to do with
honogeneity and matrix porosity. And, so, you're running
this test and interpreting it where the saturations we're
| ooking at, this is all fracture porosity, and saying that
t he seepage that you see actually is related to capillary
barrier effects. So, you' re assum ng here that the capillary
barrier effects, the concept is valid for fractures as well
as for matri x? Yes?

BODVARSSON:  Yes.

NELSON: Is there any other work in the literature that
has dealt with this idea of developing capillary barriers in
fractured nedia as opposed to matrix porosity, honobgeneous
continuummaterials with snooth surfaces?

BODVARSSON: That's a good question. Let ne answer it
this way. The capillary barrier phenonenon was devel oped by

Phillips in the Sixties. For a honbgeneous nedium you're
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absolutely correct, for a honbgeneous nedium Since then, it
has been applied to all types of mediuns, including coarse
sands, to very fine grain material wth different capillary
characteristics, ranging the whole spectrum if you wll. It
is, wthout a doubt, proven I think that the capillary
phenomena wor ks regardl ess of what the nediumis, but of
course the nore and stronger capillary forces prevail in the
rock mass the stronger capillary barriers you will have.

You can | ook at the fracture systemas a coarse
grain sand or gravel that has capillary suction nuch, nuch
| ess than that of the matrix, which has tiny, tiny pores and
capillary suction potentials of tens to hundreds of bars.

The fracture nmedium has very little capillary suction

potential, but it still is a very effective capillary barrier
in spite of that.

Going to the last slide, just one nore sentence,
this thing here clearly verifies that the capillary barrier

is in effect.
NELSON: | think it clearly indicates that something is
going on. But the conclusion that this is a capillary

process for fractured material with very uneven surface and

open fractures, to nme, | still resist it. | resist that
assertion.

BODVARSSON:  Ckay.

NELSON: | nean, | can see your data, but I'mthinking
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about all the other ways water can find to nove through a
systemlike this. It's a very hard experinment to do. |It's
not easy.

BODVARSSON:  The other thing that m ght help you al so,
Priscilla, I don't know, is the following. W have drilled
kilonmeters and mles and mles of tunnels at Yucca Muntain,
as you know. We have never seen anything seep into any of
the tunnels. And the only forces that | can think of that
prevent you fromgetting water into the tunnels if |ow
capillary forces are present, because gravity certainly is
present, is the capillary barrier concept.

NELSON: Well, have you seen any evidence that the
mountain in situ right now has water in fractures?

BODVARSSON:  Yes.

NELSON: O is the water in matrix?

BODVARSSON: We have evidence that there are waters in
fractures from N che Nunber 1. This is the only one where we
actually dug the niche up w thout using water. Wen we
| ooked at the end after digging up the niche, we saw a
flowing fracture, which is the only fracture we have seen
flowing. But it was a clear fracture flow ng.

NELSON: Flowi ng, or was there a dark zone?

BODVARSSON: There was a dark zone around it, which is--

NELSON: This was a fractured zone; right? This is not

a discrete--this was, as | recall, a fractured zone?
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BODVARSSON: It was a single fracture. It was different
froma zone. Actually, the fracture had different shapes and
sizes, but there was nore a single feature where the water
actually was fl ow ng down.

NELSON: And, so, the dark zone, was there water noving
fromthe fracture into the matrix? 1|s that where you got a
br oadened- -

BODVARSSON:  Sone of it had actually it |ooked like the
matri x were nore perneabl e because sone of the colors you saw
lighter. That included some of the matrix al so, yes.

NELSON: | can see a whole |lot of things happening
t here.

PYE: Pye, Staff.

Bo, you've indicated a roughness doesn't appear to
have any effect on capillary barrier?

BODVARSSON: | said it doesn't seemto have a big effect
on the capillary barrier.

PYE: Okay. M understanding of the capillary barrier
is you get a layer probably several centinmeters thick, and if
roughness factors essentially breach that capillary |ayer,
then you have a di mnished capillary effect; is that correct?

BODVARSSON: In the tests we have seen so far, the
roughness of the niches is not uniform So, the first order
effect for seepage is the radius, because of 1/R dependence.

And it seens |ike actually the roughness is not the real
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critical issue in our neasurenents, or in our nodeling right

NOW.
PYE: Okay. Let's take roughness a little further

forward. |[If you start to have degradation, is there sone

poi nt where degradation, i.e. increased roughness, breaks

down the capillary barrier?

BODVARSSON: The capillary barrier will not break down,
but it will be different, depending on the size and shape of
t he opening. For exanple, if you take the extrene of a
squar e openi ng, and one would think a square opening would be
very, very conservative, a square opening will also have a
capillary threshold to it.

PYE: kay. You indicated, you know, the project has
driven several mles of tunnel, and observed no seepage. How
much is that due to ventilation. And, typically, in
experinments, what is your mass bal ance?

BODVARSSON:  The answer to the first question is that
there is ventilation in a lot of the tunnels. |In one part of
the tunnel, we have kilonmeters we have cl osed for years
actually, and we have not seen seepage. W have seen sone
condensed water that the neasurenents and the chem stry so
far indicate that that water is void of silica. Pore waters
are never void of silica. Silica is generally equilibrium
with those pore waters, and that strongly suggests that

that's condensate. So, in the areas where we totally shut
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off ventilation, | don't think there is any evidence for any
seepage into the drift in those areas.

PYE: Again, a hypothetical question. |If you put a
tenporary bul khead at the north portal and one at the south,
and you turned off ventilation, what would you expect to see?

BODVARSSON: This is getting into, let's see, what do |
expect to see? If you close up the south and the north
portals, | would not expect to see any seepage into any of
the drifts.

PYE: kay, thank you.

DUQUETTE: Pl ease conti nue.

BODVARSSON:  So, that's ny opinion.

This one shows actually after we do all these
calibrations of the nodels with all of the data we collected,
we then go into total system perfornmance space, and we
actually calculate all kinds of different curves that they
can sanple and use in the total system perfornmance
assessnent. And that's what this shows. The red one at the
bottom here is the seepage threshold. This controls the
seepage threshol d based on the perneability. And
interestingly speaking, the higher the perneability, the |ess
seepage, because it's easier to go around the drift the
hi gher the perneability.

Al so, the capillary suction factor, one over al pha,

the I ower the value of this factor, the nore seepage again.
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And then, of course, percolation flux. The nore water that
goes down through the nountain, the higher seepage fraction.

Now, havi ng denonstrated that the seepage works
under anbient conditions, now we are interested in finding
out what happens during the thermal conditions. And the
Yucca Mountain Thermal Test Programis ained to address the
thermally driven coupled processes, and I'mgoing to tell you
alittle bit about that.

The project has gone through a series of heater
tests, all ainmed towards understanding the effects of
thermal ly driven coupled processes on the near field seepage
wat er chem stry of the seepage water

The three major tests, that's the single heater
test, the large block test, and then the drift scale test
t hat has been going on for four years heating and is now in
t he second year of cooling dowmn. And this is a collaborative

effort of many of the research institutions involved in the

proj ect .

" mjust going to go rather quickly through this.
| f you have questions, please ask them As you know, during
the drift scale tests, and I'mgoing to concentrate on the

drift scale tests because that's the |argest and nost
conpr ehensi ve test, we neasure all kinds of things. 1In the
begi nni ng, we characterize the heater test area with pre-test

characterization, where we neasure the thermal, hydrol ogica
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and nmechani cal properties of the rock nass, mnerals and
petrol ogy, pore waters, and everything to do with what is in
the area, air perneability.

During the heater and the cooling test, we have
conti nuous neasurenents of a | ot of paraneters, tenperature,
di spl acenent, strain, humdity, acoustic em ssions, and
others. And then we have periodic nmeasurenments during
heati ng and cooling, geophysical neasurenents, air
perneability, gas and water sanpling. And |I'mgoing to show
you sone of these results a little later on.

There are |l ots of bore holes around this heater
test. This is the heater test area. You have heaters here,
if you haven't seen this test, and then you have bore hol es,
nmeasur enents above, bel ow and beside the test.

We do nodel prediction prior to the test, and these
are blind predictions. Al of what |I'mgoing to show you now
fromthe heater test, there are no calibrations invol ved.
These were blind predictions. ['mgoing to show you how t hey
agree to actual neasurements, no calibrations. So, you can
| ook at these as validations.

The mai n physical processes that go on when you
heat a rock mass past boiling are as follows. You have
extensive boiling of the nmass, rock nass next to the drift,
with steamgoing fromthe matrix into the fractures, and then

flow ng out to cooler regions, where actually the steam
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condenses. And you have higher |liquid saturations in the
fractures. You develop an area where you have total dryness,
both in the fractures and in the matrix, that is, the liquid
saturation is zero. The gas saturation consisting of non-
condensi bl e gases and steamis 100 per cent.

Then the tinme, of course, as the heat output goes
down of the waste packages, this thermal area will shrink and
eventual | y di sappear, and you get back to the anbient
situation. A lot of noisture distribution processes in place
wi th boiling, condensation, inbibition into the matrix,

gravity drainage in fractures, drying front, and condensation

fronts.
BULLEN:. Bul |l en, Board.
Before you |leave this, this is a great exanple of
the types of predictions and cal cul ations that you do, and a

| ot of your calculations are done to map this. Are they done
in 2-D or 3-D? And how woul d you expect this type of figure
to vary first along the line of a drift where we've got waste
package variations, and then fromthe center of the
repository to the edge of the repository?

BODVARSSON: We do calculations in 2 and 3-D. Most of
them are done in 2-D to get the main physical processes, and
then we do 3-D cal culations. The dom nant heat transfer
mechanismin this test is thermal conduction, as Priscilla

menti oned, for exanple, the inportance of knowi ng the therm
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conductivity of the lithophysal rocks, which is correct. So,
that's the predom nant factor. Wen you have waste packages
that have different thermal outputs, three di nmensional
representation is absolutely necessary because you get
different tenperatures in the waste package that then has
different tenperatures in the rock walls, and then going into
t he rock.

If you are only interested then in how the boiling
front noves with tine, you don't need 3-D, because it al
snmears out inside the rock pretty nmuch. But if you are
purely interested in the crown tenperatures, you nust include
t hree di nensi onal .

Did | answer all of your questions?

BULLEN: The edge of the repository versus center,

t hough, the same?

BODVARSSON: The edge of the repository is going to be
cool er because of your |ateral cooling outside. The basic
physi cal processes are all the sane.

Now, again, let nme enphasize these are blind
predictions. This is the heating during the 48 nonths of the
drift scale tests at different sensor locations. This is
probably the best statistics that indicate the agreenent.

The nean error between nodel predictions and neasurenents for
1700 sensors is less than 5 degrees throughout the heating

phase. So, they match very well going from 20 degrees up to
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240 degr ees.

The cooling simlarly is right on track with
respect to our predictions versus actual neasurenents. So,
we have done | think very well in making blind predictions.
There are no calibrations involved here.

We also had quite a | ot of success in electric
resi stance tonography done by Livernore, where we actually
have the dryout zone. This is shown here in a node

calculation, and this is verified by the ERT data that al so

indicate the size of the dryout zone.

PYE: Question. You talk about the redistribution of
noi st ure.

BODVARSSON:  Yes.

PYE: What can you tell us about the relative humdity
inside of the drift?

BODVARSSON: During the heating phase?

PYE: Yes.

BODVARSSON: Wl l, it's way down, of course, because you
are drying everything out.

PYE: Okay. Wiat is the source of that water? | nean,
you' re saying the vapor noves out. So, sone portion of that

vapor stays in the drift, or noves to the drift?

BODVARSSON:  No, no, no. |I'mtalking about, when | talk
about the vapor noving out, it noves out in the rock. It
doesn't stay in the drift. The drift beconmes filled with
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steam pretty nmuch. The origin of the water is pore water in
the matrix that boils. So, you can inmgine a single block of
rock, say one neter away fromthe drift wall, and if you | ook
into that block, in the beginning, we'll just see an increase
in tenperature. So, the tenperature increases just because
heat is emtted fromthe drift wall. Then, when it gets to
96 degrees to 100 degrees Centigrade, it boils because the
pressure is one atnosphere in the gas, in the air, and then
it starts to boil. Wen you boil, pv is equal to nrt, you
i ncrease pressures because you're increasing the volune, and
basi cal |l y what happens is that steam goes into the fractures
and flows away fromthe drift and condenses away.

PYE: Okay. | think you indicated it was steamin the
drift. Did | mshear you?

BODVARSSON:  Yeah, there will be steamin the drift
nostly because of the boiling process. But some CO2 and
ot her gases.

PYE: So, you're saying you--okay, we have a constant
pressure system we have an open systen?

BODVARSSON:  Open.

PYE: So, what's the total pressure inside the drift,
pl us water vapor?

BODVARSSON: Total pressure inside the drift is going to
vary. You're always going to be very close to one bar.

Maxi mum gets to one and a half to two bars of pressure, and
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that's because the perneability of the fractures is so high
you can't build the pressure.

PYE: Okay. So, steamdisplaces air. Were does the
air go?

BODVARSSON:  Air goes away with the steamin the gas
phase, and gets condensed far away. 1'll show you a plot of
the CO2 in a nonent.

PYE: kay, thank you.

CORRADINI:  Can | ask a question?

BODVARSSON:  Yes.

CORRADI NI :  The way you explained it was different than
| thought you were going to explain it. So, can | say back
what | thought |I heard you say? Do you m nd?

BODVARSSON:  Yes.

CORRADI NI :  Can you go back to the previous slide? So,
there's two things happening sinultaneously, and the pressure
is going to send the vapor in both directions. So, if you're
heating up into an open hole, you actually have mass transfer
into the hole and into the far field; is that correct?

BODVARSSON: Wl |, you have nost of it is going to be
pressure, highest pressure in the drift, because that's where
the heat source is. Again, pv equals nrt. But then you have
di ffusi ve conponents al so working, where you have diffusion
in the gas phase, allowng steamto get into the drift, and

air to go out of the drift, because of the diffusion in the
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gas phase.

CORRADI NI : Okay. So, just bear with me for a nonent.
|'"mgoing to give you a very sinple test, since |'ve seen
these tests run for a totally different application.

BODVARSSON:  Ckay.

CORRADINI: If | put a heat flux on a rock or a ceramc
body that's essentially saturated or partly saturated with
water, the water will essentially evaporate, not boil, but
evaporate and will cone towards the heat source, and go away
fromthe heat source because of a pressure distribution. 1Is
the pressure distribution calculated in these sinulations?

BODVARSSON:  Yes.

CORRADI NI :  Ckay. So, then the physics of it isis
you're going to have vapor comng into the drift, replacing
air, or mxing with air, and you're going to have vapor going
out because of the pressure distribution?

BODVARSSON: That's right.

CORRADI NI :  Okay. So, that's the reason, when you said
steam and he asked you back steam | thought you were going
to tell me I'"mdriving stuff in because of evaporation, and
" mdriving stuff out.

BODVARSSON:  Ri ght .

CORRADINI:  Is that correct?

BODVARSSON: That's correct.

CORRADI NI :  Okay. Al right. Then the second part of
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the question is in the sinmulation for this test, what is the
uncertainty in the ERT neasurenent? |'m astoni shed by the
good agreenent. Sorry for using that word. So, is there--1I
don't understand, I'msorry | don't understand ERT, so tel
me what's the inherent uncertainty in the resolution of that
t enperature or scale.

BODVARSSON: There is significant uncertainty in al
geophysi cal nethods trying to |look at dryouts. So, | would
say the uncertainty in this, without quantifying it, is
significant. It's on the order of neters. But what we are
trying to do here is to establish that actually a dryout zone
exists. The size of it is not as inportant as it exists,
because these are the only nethods that can tell us it really
happens, just |ike nodels predict.

CORRADI NI :  One | ast question and I'Il stop. So, now
|'ve created this thermal environnment. ['mdriving water in
a vapor formtowards the drift up to a point when | equalize
pressure and concentration. | drive it away, since there's
no equilibriumin concentration. Can | have seepage up this,
up the tenperature gradient?

BODVARSSON: No. And I'll show you that in a mnute.

CORRADI NI 1 Ckay.

NELSON:  Nel son, Board.

W' ve seen these plots before, and a coupl e of

guestions still arise, as | recall. Sinmulation and
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saturation where you end up with that high saturation zone
under neat h?

BODVARSSON:  Yes.

NELSON: Al right. The blue zone. As | recall, there
were sone neasurenents that indicated that there was ponding
of noisture underneath the opening. That was not well
expl ained at the tinme that we saw that information. Can you
tell me why you're getting that zone of high saturation, if
not pondi ng, that occurs underneat h?

BODVARSSON: It's because it condenses in the fractures.

I f you take a | ook at an opening, then what you'll see is
you'll start boiling, and steam goes out in all directions.
If there is no gravity, you will have the sanme saturations
all around. But because of gravity, water wants to go down,
and it condenses nore underneath, because you have a | ot of
boiling that sheds off, and you have increased saturation.

NELSON: But why does it reconcentrate underneath?

BODVARSSON: It's because you condense the steam  Steam
condenses. And the steam condenses all around here. It
condenses all around here, and the condensed water tries to
go back into the boiling zones, gets re-vaporized again.
Sonme of it sheds around, because it can't go anywhere el se,
either it tries to go through here and gets boiled again, or
it goes around. And, therefore, you have a little bit nore

wat er bel ow t here.
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NELSON: Is that really just a little bit nore water, or
is that a lot nore water?

BODVARSSON: It's a tiny bit nore water. | can't
enphasi ze enough that the increase in saturations in the
fractures, it sonmetinmes |ooks |like a big blue | ake in sonme of
our pictures. It's not a big blue |lake. The increase in
saturation is a tiny one, going fromperhaps 5 per cent to 10
or 15 per cent, and we don't know exactly how high it is,
because we can't measure fracture saturations because they're
so small. But why do we know it's not so nmuch? It's because
the perneability of the fractures are so high, that when you
start to increase saturations in the fracture, the relative
perneability of the |iquid phase increases so rapidly, you
| ose the water

NELSON: Perneability of the |iquid phase?

BODVARSSON:  Yeah, because it's condensed water. The
relative permeability of the liquid phase increases.

NELSON: Let ne ask you a question about this sinulated
saturation. It has a very flat top, and it has a topography
on the top of the dry zone and the boil zone. |'m wondering
if spatially you could inmagine there being a topography on
the top of this Iine of waste packages, which m ght be
signi ficant enough that you could end up havi ng sone pondi ng
of noisture, at least in significant high saturation, at

vari ous places above that, just because of the topography and
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the variability of the rock? Do you think that woul d happen?

BODVARSSON: No. And let ne tell you why. The range in
fracture perneability, the neasures on a one foot scale,
which is a very small unit, it's not |like on neters and
neters, but a one foot scale, varies fromsone mllidarcies
to darcies. O if you're used to neters squared, from sone
10" neters squared, to 10" nmeters squared, if you're used to
t hose units.

In order to get ponding, that neans the
pernmeability is so low that the water can't go through it.
You woul d have to go orders of magnitude |ower in
perneability to get that.

NELSON:  Well, I'mtal king about using that boiling
front as a barrier, and if that has a topography, you could,
and have the boiling front be the confinenent.

BODVARSSON: The way | look at it, Priscilla, the
condensation is on the fracture, you're right, and you | ook
at blue colors, but the increase in saturations in the
fractures is very small. \Wat happens to that water is the
perneability laterally is also high, so if it can't go down,
it will go laterally and di sappear, and you never build up
full saturations in the fracture zones. The perneability of
these fractures is just too high.

NELSON: If there is a topography on the top, because

there are heterogeneities in tinme and space, that it seens
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like it would be possible to have isolated accunul ati ons.

BODVARSSON: It would be possible if the | ower end of
the perneability we neasure is three orders of magnitude, or
two orders of magnitude | ower than what we neasured in the
low end. But since it's still so high, any saturation you
build up goes laterally and dissipates. So, |'msorry, |
can't see the real possibility of this, because of the
pernmeability of rock is just too high.

NELSON: Well, that's why |I'm suggesting the topography
on the top of the boiling zone that nmay actually be enough to
stop effective drainage, which is what you're tal king about,
dr ai nage and | eavi ng.

BODVARSSON:  Yeah. But, you see, the water nvol ecul es
here have two choices. It doesn't just sit there. It has
forces placed on it. Forces are gravity (a), capillary
pressure (b), either inbibed into the matrix or it tries to
go down here or it flows laterally, and it doesn't go down or
pond up here. W have seen it in none of our sinulations,
even though we include all the heterogeneity in our nodels.

DUQUETTE: As Chairman, 1'd like to note that we're on
Slide Number 17 of some 60. |If we're going to get through
the presentation, 1'd like to ask that questions be limted
to questions of clarification about the data at the present
time, and that the discussion afterward can di scuss opinions.

Thank you.
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BODVARSSON:  Ckay, I'Ill try to nove through quickly.

Now |I'm going to tal k about some of the nodeling
that we have done to | ook at exactly the issue of wll we
have seepage into the drift during the thernmal period, as was
asked before.

And this is the thermal - hydrol ogy seepage nodel
that | ooks at that issue, TOUGH2, 2-D cross-sections, dryout
zone, heterogeneous perneability, and flow focusing factors.

Thi s shows agai n the heterogeneous perneability we
tal ked about here, and you see that in the different colors,
because the saturations in the fracture systens, and let ne
poi nt out again here is the condensation zone, Priscilla, and
you have saturations on the order of 10 per cent, or so, in
the fractures, because the perneability is high and it sheds
very, very easily. You see a dryout zone after 100 years,
dryout zone after 500 years. |t goes about 5 to 10 neters

away fromthe drift maxi num

After 1000 years, it beconmes snmaller. You see it's
still dry all the way around the drift. After 2000 years,
it's much | ess, or non-existent dryout zone along the drifts.

And you're back to close to anbient.

These cal cul ati ons show t he seepage we expect.

This is the current climate. W assune that we get into a

nonsoon climte after 600 years, and then to glacial, nuch

wetter conditions after 2000 years. This is the anbient
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seepage that is cal cul ated, none for current conditions,
about 1 1/2, 1 per cent seepage of the total water noving
t hrough the nmountain after 600, and about 9 per cent in the
glacial period for this specific location in the repository.

When you include the thermal barriers, because now
you have two barriers, you have the capillary barrier, which
wor ks under anbi ent conditions, but you also have the therma
barrier, which prevents the water fromentering the drifts.
And you will see here in this calculation for this
real i zation, you have no seepage into the drifts for 2500
years under these conditions.

If you take a | ook at this graph here, that's very,
very significant because that's getting close to the | ower
part of this graph where we don't have any problens with

corrosion rates, as Joe will showyou a little bit later.

So, water cannot penetrate through the vaporization
barrier as long as the local tenperature at the drift wall is
above boiling. And we have done a |l ot of simulations as well

as testing that seens to agree with this. After about 1000
years, tenperature drops bel ow boiling, and then you have a
potential for seepage, in this case, not until after about
2500 years. Long term anbi ent seepage, of course, defines
seepage during the whol e period.

LATANISION: M. Chairman, |I'msorry, |I've got to ask a

guestion. This is clarification.
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Despite what you' ve just said about the absence of
penetration by seepage, the drift still is at 100 per cent
relative humdity; is that correct?

BODVARSSON: It's dry. The drift is dry, because there
is steamthere. So, there is no liquid water present.

LATANI SION: Okay. No liquid water, but there is steam
present.

BODVARSSON: There is steampresent in the drift.

LATANI SI ON: Ckay.

BODVARSSON: This is relevant to the questions we heard
earlier raised through Dr. Chu and al so John Arthur, and this
shows sonething which I think is very inportant to keep in
m nd, and that is because of the 81 neters distance between
the drifts, the thermally disturbed boiling conditions is
very close to the drift, and you have no difficulties with
dr ai nage between pillars. And, therefore, the design, even
t hough you have sone differences in thermal conductivities or
thermal paraneters, it has really no effect on the design per
se, because there is such a |long distance between the pillars
you are never going to get convergence of the boiling zones,

even though you are way off in thermal paraneters.

We did just very briefly, and I'mnot going to
describe this in detail, we did an alternate nodel just to
convince ourselves our results are right, where we took the

condensati on zone waters here, and we just punped them up,
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even though we never see that in the sinmulation, we punped
them up so we have a pond here where we instantaneously tried
to get it through the boiling zone.

And the next slide shows the results, and you show,
in spite of having huge capillary suction above the drift,
which is this red curve, you never get any water to the
crown. This is the water going to the crown that has
succeeded to go through the thermal one, it doesn't start
until after 400 years, and after about 800 to 1000 years, you
only have a small anount of water making it to the crown,
whi ch is much, nuch less than that that the capillary barrier
can take care of. So, even having a ponded thing there to
try to force through the thermal zones, we do not get any

seepage during the thermal period.

| know this is difficult to explain, so if you have
questions |later, because of tine, | need to nove through it
fairly quickly.

Now chem stry. Thernal - hydr ol ogi cal - chem ca
processes. Now, in addition to boiling and condensation, we
have a bunch of chem cal processes that are occurring al so.
You have dissolutions, you have precipitation, you have
changes in porosity and perneability not only of the
fractures, but also of the rock matrix, and then you have
reaction rates and pH effects, and others.

The nunerical tool, TOUGHREACT, is one we use for
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this purpose that solves multiphase flow, advection,
di ffusion, and a |l ot of chem cal processes, including
di ssolution, precipitation, and all of those.

Qur nodel, just like the thermal-hydrol ogi cal
nodel s, we do blind predictions. There's no calibrations
here, blind prediction against neasurenents in the drift
scal e tests.

Before we actually match the drift scale test, we
make sure that our initial conditions of the nodels are
correct by matching the anbi ent geochem stry. That's the
geochem stry we see in the nountain right now, including
chl orides and strontium and other chemicals. This is a
chloride nodel that shows the variability of chloride in the
nmount ai n, and we conpare that to what's neasured in the ECRB
in the tunnels, and we find good agreenent.

Sonme of you may say this doesn't |look Iike a real
good agreenent because there's a lot of variability in this
data, but all of this data to me is the sanme. This data
suggests that the percolation flux is roughly 10 mllineters
per year. |If you go up here, it mght be 6. If you go down
here, it mght be 12 mllinmeters per year. So, this, even
though it shows a lot of variability, the nunbers are pretty
much the same. So, the matches are very reasonable with this
dat aset .

Then after we have made sure that the nodel is
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appropriate for the anbient conditions, we |look at and try to
mat ch, or actually try to make blind predictions about the
chem stry that happened in the drift scale test.

The first thing we |ook at is carbon di oxi de gas,
and one of these curves shows the neasured data, and that's
the bl ack points, and the other one shows the blind
predictions with the nodel, no calibrations. And, first of
all, what happens? You have imagine a pore water systemwth
air surrounding water in the matrix. The water has CO2 in
it, because there is always dissolved CO2 in it, and other
gases in it. Wen you start to boil this mass, the CO2 goes
out of the liquid phase, because CO2 gas does not want to be
inaliquid phase. It wants to be in the gas phase with the
steam So, you start to get an increase in the CO2
concentration due to degassing of the |liquid phase.

Then after a while, you have conpleted all the
transformation of the CO2 fromthe liquid phase into a gas,
and you have no nore left, but you are still boiling away the
rock, you're still boiling and boiling and creating steam so
the fraction in the gas phase has to go down with tine,
diluted by the steam So, that's what this shows, and our
blind prediction of the nodel matches that very well.

Along with that, you al so have ot her changes.

Nunmber one, you have changes with the chloride concentrations

in the liquid, and you have changes in the pH because of the
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degassing of the CO2. Wen you degas the CO2 or increase the
CO2 concentrations, the pH goes down. Wen you are deplete
of the CO2, the pH starts to go up again.

Two points here. Nunber one, and this is by far
the nost inportant point, and that is you have seen
cal cul ati ons of chem cal conponents with pH going to 2, pH
going to 10, pH going all over the place, and you may have
t hese very corrosive brines present because the pH goes al
over the place. pHwIl not go all over the place. The pH
varies only from6 1/2 to 8 1/2, very little. And why is
that? 1t's buffered by the rock, by the pore waters and the
chem stry present. This is an open system You cannot boi
off in a beaker, get a pHof 2, stick it around your waste
packages and cal cul ate corrosion rates. You cannot do that.

pH wi Il not vary significantly.

The chloride, this is chloride neasured in bore
hol es where we actually got condensate in the bore hol es.
This is the chloride in those bl ocks next to that, and it
shows very much the sane trend. There are also two things
with respect to chloride. Nunmber one, if you have a | ot of
interactions between the matrix and the fractures, pore water
t hat condensed in the fractures, the chloride concentration
would go up to the same as that in the matrix, which is
roughly about 80 mlligrans per liter. But because the

interaction is so small, it stays very low, around 10 or 20



132

mlligrans per liter. So, that shows the interactions
between the fractures and the matrix blocks is very strong.

We al so cal cul ate precipitation and dissolution in
fractures. W predict calcite deposition, although this is
silica depositions, and we predict calcite depositions
because of different processes occurring. Wen you boil off
water, the concentration in the beginning is in equilibrium
with the anmbient silica concentration for 20 degrees. You
boil the water off, the silica concentration has to go up.
So, what happens then? Precipitates, obviously, the inverse
is true with calcite, the solubility of calcite goes down
with tenperatures. So, in the condensation zones, then you
reach the saturation of calcite, and you get a little
deposi tion.

The inportant point here, though, again blind
predictions, we drilled into the zone with bore holes, and we
find the calcite and the silica we predicted woul d be there.

Now, using the confidence of our nodel after
validation with the heater test data, we now want to predict
what is going to be the chem stry of the water entering the
drift, because that is what the corrosion environnment around
the waste packages is very sensitive to.

So, this nodel, thermal-hydrol ogical -chem ca
nodel , agai n TOUGHREACT, predicts the conposition of gases

and water that could enter the enplacenent drifts, and al so
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properties would change with

alteration, or deposition of mnerals. And we did a bunch of

sensitivity studies. | w

Il nove a little quicker because |

know I' mshort on tine, and stop ne if | go too fast.

Choice of initial waters. This is very, very

i nportant because the pore water entering the drift cones

fromthe pore water neasured in the rock. So, we have to

make sure we represent correctly the variability of the

chem stry of the pore water in the rock. And I'll show you

how.

This is the same diagramthat Bill showed you

bef or e. It shows all kinds of measurenents that Zel

Peterman, who is sitting

n the back there, has done and Al

Yang and others at the U. S. Ceol ogical Survey, chemstry for

t hese three conponents of the chem cal environnent. One

thing that's inportant is that we cannot use all this data in

our nodel for the chem stry of the water entering the drift.

Wiy is that? Sonme of it

is saturated zone water, which is

not close to the repository, sone of it is in the PTN

Pai nt brush unit, which is

not close to the repository. You

can only use the ones which are in the repository rocks.

Those are the only ones in the repository rocks, in

t he m ddl e non-1Iithophysal

are the ones we use in al

or lower |ithophysal rocks. These

our calculations of the chemstry

of water entering the drifts. You can't use all of the other
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dat asets because it's not applicable. You nust use this one.

Looking a little bit closer at the chem stry
i nstead of just these three chem cal conponents, we have a
cation diagram here pretty nuch, an anion diagram and then
the sulfates and sodiuns and all the others here. And what |
want to point out is that each of these diagrans, you see al
this stuff here with all the datasets cone fromdifferent
areas, frombore holes or fromthe tunnels. The green ones
are the five waters we actually picked that reflect the
variability in this region. They reflect the variability in
this region, and they reflect the variability in all regions.
This is all the available data, and we think these five
sets, because we can't handle themall, really reflect the
heterogeneity and the variability in the pore waters. That's
why we use these five.

In order to calculate this tough probl em of
chem stry entering the drifts, we have to have all the
m nerals, and the nodels include 20 m nerals rangi ng from
clays to feldspars to all the rock types that are actually
measured. This is the real rock and it includes all of those
m neral s, because they can dissolve in the water. They can
al so dissolve in the gas, in the steam phase. W al so nust
have all the major aqueous conponents, which we have, anions
and cations and others, nitrates, iron, fluorides, and ||

only show you a few exanples. You nust also include all the



© 00 N oo o B~ w N P

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

135

gas phase conponents. There's going to be steam water
vapor, air, CO2, and other gases.

This shows you now the crown conditions, what
happens at the crown. First, for different realizations,
different thermal conductivities, different therma
paraneters, different chemstries. Inportant is not really
the variability, but the general trend that I'mgoing to go
through fairly quickly. This just shows tenperature at the
crown. O course, when you ventilate, you have | ow
tenperatures then. It goes up and it goes down, just |ike

Joe's picture here.

CORRADINI: Can | just clarify? Wen you say the crown,
exactly where are you tal king about? |'msorry.

BODVARSSON:  Right on top of an enplacenent drift.

CORRADINI:  So, on the inner surface of the drift?

BODVARSSON:  Yeah, in the outer surface of the drift, in
the rock, it's in the rock

CORRADI NI :  How far in the rock?
BODVARSSON:  It's just next toit, it's the next grid
bl ock that is probably within centinmeters of the drift.

This shows again simlar things we expected from
the drift scale test. You have degassing over long tine
periods, and then you get a little bit nore CO2 because it's
condensed up there and started refluxing, and you get higher

val ues of CO2 or bicarbonates.
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pH, this is the dryout period where you cannot
define pHif there is no liquid present at the crown of the
drift, you can't define pH But the pHthen starts to be
very | ow because you're getting back CO2 refl uxi ng when you
rewet again, and then it goes back up to normal. But you see
again the scale, 7 to 8 1/2.

Chl ori de concentration, nothing happens of course
during the dryout period. But, here is a very inportant
poi nt. When you rewet again after the thermal period, there
have been sone issues with salts precipitation on the drift.
O course, it's extrenely corrosive environnent in the drift
because due to the boiling process, when you dryout, you mnust
have salts there. Right? Very, very little salt wll
concentrate there sinply because the water is so dilute. The
wat er at Yucca Mountain in the pores is 1000 ppm There is
not nmuch salt there. Therefore, you see instantly going from

a large concentration of chloride with the first water

hitting the drift wall, to benign waters because of that.
The other one, just like we did with the seepage
nodel , we now want to | ook at the chem stry of the water in

t he condensation salts that we tal ked about before. And,
again, you see blue here. The blue is only about 5 to 10 per
cent in the fracture system So, we are saying let's | ook at
the chem stry of this water here, and see if that goes

t hrough the boiling zone, what would it be? What would be
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the chem stry going through the boiling zone? So, |I'm going
to show you a series, starting with calciumto bicarbonate
ratios in the fracture, and Bill Boyle pointed out very
correctly that the calcite is the main buffer. |[If you have a
| ot of bicarbonate present, even if you have cal ci um present,
calcite is going to deposit if you have sufficient carbonates
present.

And this shows initial variability, which is just
because we have the different pore waters present, initial
variability going to very high calciumto bicarbonate rati o,
whi ch woul d say maybe 1'I1 get calciumchloride brines. But,
note this is during the thermal period here where we have no
seepage into the drifts. So, this will never get to the
drift. And you see that clearer in this picture here where
we plot the tenperature of the drift crown versus the cal cium
to bicarbonate ratio, and one sees that it goes bel ow one at
about 104 degrees at the drift. That's still boiling at the
drift.

So, one woul d conclude that when you have a chance
of seepage in this area here, your carbonates are enough
probably to cause that you will not get any cal cium chloride
m xtures in the drift causing corrosion.

pH, again, we see the variability due to the CO2
concentration, but generally between 7 and 8.

Chl ori de concentrations, variability in the
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begi nni ng goes down, and then up a little bit, but very
simlar to what we saw before.

So, I"'malnost there. General findings fromthis
chem cal seepage nodel is the water in the condensation zone
is dilute and the pH againis 7 to 9. Elevated
concentrations are predicted for a short period during the
rewetting, but that's an extrenely short period. You wll
still have benign water, or very |ow concentrations. GCeneral
trends of evolution for the gas phase do not differ
significantly for any of the scenarios considered. Mst of
the five waters show very simlar trends.

Fracture perneability has insignificant effects.
The relative spread is basically nostly the natura
variability of initial pore water conposition. You don't
have a | ot of divergence after you consider this pore water
distribution with the chem stry.

So, to conclude, | conclude the followng. |'m
concerned wth what happens during the thermal period, how
much water will seep into the drifts, what is the chemstry
of this water entering the drifts, so that Mark can | ook at
the in-drift conditions and Joe will then | ook at the
envi ronment around the waste packages. This is what |
conclude with respect to this.

A significant database exists for evaluation of

anbi ent and thernmal seepage and the chem stry of the seepage
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water (a). We have significant anount of data that | have

shown you here. The rel evant

processes nodels are well val

nodel s, TH and THC coupl ed

dat ed using blind predictions,

again, high quality seepage and drift scale test data. No

seepage into drifts is expected to occur at above-boiling

rock tenperatures. This is very inportant. |If the drift

wal | tenperatures at the crown are above 96 or 100 degrees,

we expect no seepage in the drifts.

Ambi ent pore waters

in the repository units are

dilute, total dissolved solids about 1000, and their

variability is well represented by the five different initial

wat ers chosen. W chose the right water based on the data

that we had to | ook at what is the chemstry of the water

entering the drifts.

Fracture water above the drifts is nore

concentrated during the boiling period when no seepage is

anticipated. And, obviously,

that's the case, because you

boil off sonme of the water and you | eave the rest of the

water with the higher chem ca

this period, we do not expect

concentrations. But during

any seepage to occur.

Chem stry of the seepage water is at all tinmes very

simlar to the initial dilute

pore waters. The

cal cium bi carbonate ratio is nmuch |l ess than unity, at tines

when seepage can occur, suggesting that cal ciumchloride

waters are unlikely to evol ve,

based on that water entering
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the drifts.

Large variability in the initial pore water
conposition is predom nantly responsible for the spread in
the final concentrations. So, basically, the initial
variability in pore waters is the uncertainty and not the
nodel make it diverge in the different chem stries for
t he rock.

Sorry it took so |ong.

DUQUETTE: Thank you. | want to take the Chairman's
prerogative and nake the first comment, and that is all of
your nodel s are based on absence of a container inside, or
even a drip shield inside the drift. | think that the
corrosion people, nyself included, are nore concerned about
what happens in potential crevices, whether they be
manuf actured or naturally occurring because of precipitates,
where the | ocal chloride concentrations and pH can be quite
different than what you cal cul ate based on equilibriumwth
pore water and the absence of the containers being present.
So, | think one has to be very careful in not confusing the
pH and chloride that the corrosion people are concerned wth,
which is at the container |evel, versus the pH and chloride
concentrations in the water itself.

BODVARSSON:  Very correct, and | agree with you. The
only thing | said is that the seepage water entering the

drifts will have a pHof 7 to 9, and whereas when you
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calculate it going to the waste package that Mark is going to
tal k about and Joe is going to talk about, they will show you
probably different pHs than what | tal ked about comng into
the drifts.

DUQUETTE: Right. |If you have a crevice in salt water
just conventional sea water, where the pHis at about 8, the
pH inside the crevice, if it's in contact with many passive
nmetals, can get down as lowas .5 in the crevice itself,
whi ch is independent of the pH of the surrounding
environnment. So, we have to be very careful in |ooking at
t hose pHs.

BODVARSSON:  And your point is well taken. [I'monly
tal king about the pH of the water entering the drifts.

DUQUETTE: | understand that. Paul, and then Ron.

CRAIG Yeah, that was fascinating, Bo, and it rem nds
me of the paper by Roseboom and W nograd back before | had
ever heard of Yucca Muntain.

BODVARSSON:  1981.

CRAIG Yes, it's before | ever heard of Yucca Muntain
Exactly so. And, basically, what you seemto be com ng up
with is that their nodel was a pretty darned good nodel, and
when you examned it in detail, it conmes out about the sane,
al t hough they did allow for some very fast flow, which they

t hought woul d drain out through cracks in the rock. But,

you're not even seeing that. And then the heat only nakes
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things better. So, it sounds, if | understand what you're
saying, if you were to take bare fuel rods, or practically
anything, it doesn't matter what you put in there, nothing is
going to conme out for several thousand years. And then when
you go beyond the several thousand years, what kind of

mechani sns finally begin to transport material? Am|
expressing nmy conclusions correctly?

BODVARSSON:  Yes. See, ny opinion, and | guess | have
to say to be honest with you, the question is nmy opinion and
not necessarily that of the project. M opinion is exactly
like that, Paul, is that you will have no water entering the
drifts for thousands of years, in ny view, in alnost al
enpl acenment drifts (a). And (b), not only will you dry out
the rock around the drifts, but nore inportantly, too, you'l
dry it belowthe drift. So, in order to get things out,
whi ch was your question, you have to diffuse because you
can't get it by liquid flux. And if you diffuse it into that
region, as | call the shadows zone region, which is dry, it
t akes thousands and thousands of years, and maybe even 10, 000
years, to go a few neters. So, | think we have, even though
we have taken credit for a lot of what is happening there,
think the real systemw || be even nore robust than what we
are taking credit for.

Did that answer your question?

CRAIG  Yes.
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LATANI SI ON: Lat ani si on, Board.
|, too, found that fascinating. | thank you for
the full presentation. It was very helpful. One question
that remains in my mnd, however, is where does the issue of

del i quescence enter into the equation fromyour perspective?
BODVARSSON: It enters into it through Mark's
presentation. (Laughter.)
LATANI SION:  Wait a mnute. That's not fair. W can
put it off until Mark speaks. | nean, it seens to ne that

that's a subtlety in this conprehensive presentation of

yours, and it still needs to be incl uded.

BODVARSSON: Absolutely, and | think Mark will handle it
very wel |

LATANI SI ON: Thank you.

PARI ZEK:  Pari zek, Board.

Bo, it's always interesting, the presentation, and

with the confidence that you give us. |1Is there any nore work
to do? Margaret has a problemw th funding, and there's

[imts on dollars. Are you done with this? O what are your
priorities? Because, obviously, there's work to be done
here. | nean, we feel so confortable having heard your

presentation, that you should just be done, give back your

noney?
BODVARSSON: |'m pretty nmuch done, and |I'm going to give
all ny nmoney back. (Laughter.)
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PARI ZEK: Be honest, this is your chance.

BODVARSSON:  Yeah, | don't know what to do tonorrow. To
answer your question--

CHU. Here's your big chance, Bo.

BODVARSSON: Ckay. Here's ny big chance. M big
chance. What | think is inportant in ny view, and that is in
the | ocal areas, too, I, we, have a |ot of confidence in our
results. W have a |ot of confidence in our nodels. W rely
a lot on our nodels and our confidence. W rely a lot on the
very robust waste package, for exanple. The thing that Pau
asked about in terns of the natural system can be
strengthened to the extent | think we can put waste, w thout
any waste package, into the ground and have a great
confidence without relying on it, and | think that would be
very, very inportant to do.

Wthout going into further details, the inportant

thing is to make sure we are all confortable with the risk we

are taking, and we all have, I'msure Margaret, she has to
| ook fromthe top pictures and be confortable, | have to be
confortabl e as a manager and a scientist, and you have to be

confortable as a Board nenber. And our degree of confidence
may vary. | amvery confident in what | have presented, and
some of these are stronger than other areas, and I would |ike
to think that we will strengthen those as we go al ong, and we

will debate what is the right thing to do. And | think I'm
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very pleased that Margaret relies so strongly in the science
and technol ogy program So, | think through those, we can
build our case nore and nore, and all of us having a | ot of
confi dence.

PARI ZEK: | nean, there's obviously work, you still have
priorities of things you would do, given the opportunity to
do that.

BODVARSSON:  Yes.

PARI ZEK: | didn't want himto give all his noney back

| seens |ike there's work to be done.

And then the tenperature, you brought us about 2500
years, was what tenperature now? Was that the high
tenperature design, |lower tenperature design? Because you're
saying really, fromyour point of view, keep it dry |onger,
and that's to everybody's advant age.

BODVARSSON:  Yes.

PARI ZEK:  We won't know what the netals do right now,
but keep it dry, and we've got 2500 years before you get
water init, if water wanted to get in there.

BODVARSSON:  Yeah. This is the basic design that we
have had all along, which I think you would call the hot
desi gn, where you actually have boiling in the rock. And
that gives you really the additional thermal barrier that |
t al ked about .

PARI ZEK: Yeah. But on Page 24, you show this little
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tiny little space, well, the 81 nmeter spacing, and this
l[ittle tiny shedding. Wy can't you then put drifts cl oser
together. Priscilla was asking you about that. |In other
wor ds, you don't need nuch space. Look at that space, al
that wasted rock that you could put repository in. So, the
footprint is littler. Wat's the answer there? 1Is it
heati ng up down bel ow, or heating up above?

BODVARSSON:  No, I--ny answer is the followng. W al
have a different |evel of confidence and a different |evel of
the way we want this to work. For exanple, a big issue with
the NRC, for exanple, is drainage between pillars.

PARI ZEK: Yeah, but that's |ike a woman with blue hair,
and you could get wonen in the nountain.

BODVARSSON: A woman with blue hair?

PARI ZEK:  Well, | have. But |'m saying you could get
nmore in there. You could get nore wonen in there.

BODVARSSON:  Yes, | could get nore wonen in there.

NELSON: Excuse ne, Richard. (Laughter.)

PARI ZEK: But just in ternms of design itself, and so on,
but a chance to talk about this 81 neter spacing.

BODVARSSON:  Yeah. [It's an issue, and |I'm sure Nancy
and Margaret and others are considering it. But, you know,
you have a lot of, or it seens |like you have a | ot of
confidence that you have plenty of drainage, the thermal is

not going to kill you right now, and NRC m ght be confi dent
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that it is so. | don't know That's up to them

PARI ZEK: |1'm sure there are other reasons to get into
t he design question. W didn't hear anything about | guess
it's the nountain scale behavior, that's the Chlorine 36.
When you calibrated nodels with it in, I mean, that Chlorine
36 doesn't exist as a question anynore.

BODVARSSON:  Yeah.

PARI ZEK: W/ | that cause you trouble? And | guess it's
anot her day's discussion. | nean, that's not part of this
present ati on.

BODVARSSON:  Well, to answer that question, | mght have
Mark tonorrow, Mark is going to talk a little bit about it
tomorrow. To me, the Chlorine 36 has never been a big issue

for the site scal e nodel

PARI ZEK: | thought you calibrated with it in.

BODVARSSON: We calibrated with it in, but it's only
like 1 per cent of the total nmass is affected by the fast
flow paths. |If they are in the nodel, | would not spend tine
or noney to change the nodel, if there's no Chlorine 36,
because it just doesn't have its effect. So, therefore,

think the inpact on our large scale nodel is very snall
PARI ZEK: So, it doesn't adversely affect it.
BODVARSSON: It doesn't adversely affect it.
PARI ZEK:  Sonme whil e back, you tal ked about in two

weeks, the silica plugged up the crack in your |aboratory
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experi nment.

BODVARSSON:  Yes.

PARI ZEK: But, we haven't heard any nore about that.
Have you ever resolved that problem what happened to the
silica and why it sealed the crack so quickly in the |ab?
And just to be consistent with the observations you' ve been
showing us, it's one of the graphs there.

BODVARSSON:  You have too good a nenory. (Laughter.)
This is absolutely correct. W did a |ab experinent, for
t hose of you who didn't know, we were concerned wth what
happens when you actually precipitate silica or calcite, and
the concern obviously is that if you (a) if you seal it up,
because silica gets deposited with the boiling front, because
that's where you concentrate pore waters, and so we did an
experinment wwth the lab and it sealed up in two weeks totally
in the area. W see that also in the 3-D nodel results that
| showed, THC, that it's still an issue that the project nust

address, because if you seal it up and then you have a hole

init and you focus water, that can have adverse effects.
So, honestly speaking, | still think that's an issue.

PARI ZEK: So, let nme ask, because a gentleman's daughter
from Westi nghouse conpetition years ago ran an experi nment

i ke that and showed us silica reprecipitation is an issue.
| think I saw himearlier.

BODVARSSON: | cannot say that it's not still an issue.
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PARI ZEK: One | ast point. Define the blind prediction.

| understood it, | think, but blind prediction, you were
right on. Now, that's based on the theory, you have a
solution, or just to nake sure we all understand blind
predi ction.

BODVARSSON: Blind prediction is sinply that what we
often do, we always like to predict tests, and that's what
this project has been very good at, we want to predict to see
how good our nodel is. Oten, our prediction is not so good
that it cones back not the way we thought it would be, and
then we calibrate, we change our nodels and paraneters until
they actually fit the data. That's what is called
calibration. 1t so happened that with drift scale tests, and
we are very pleased with it, and that's why it gives us
confidence in the nodels, is that we actually predicted and
did not have to calibrate, basically the tenperatures rose as
we expected. The partial pressure of CO2 fell and then rose
and the pHin the water did what we expected. And that gives
you a lot nore confidence, than if you have to turn knobs.

PARI ZEK: But that was based on analytical theory. So,
you has a reason

BODVARSSON: That was all based on we put so many things
in there, we put in the mneral ogy we neasured, we put in the
air pernmeability we neasured, we put in the pore water

chem stry we neasured. Everything was put in that nodel, and
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then we do blind predictions.

PARI ZEK:  And | do apologize to Priscilla for the blue
hai red wonen.

DUQUETTE: For the record, there are people with blue
hai r.

We're running a little bit over. 1'mgoing to
allow three nore very brief coments fromthe Board.
Priscilla first, Dan next, and M ke | ast, and before | do
that, | was asked to nmake an announcenent that a |uncheon
buffet is offered in Jeffries, plus the regular nenu.

NELSON: Nel son, Board.

What about rock bolts, steel sets in terns of
changing the perneability over the crown rock, changing the
chem stry of the water, introducing new cations? Wose
responsibility is that part of the evolution? | nean, you
could say it's the natural system but you could al so say
it's not. |Is that Mark?

BODVARSSON:  That's Mark.

NELSON: Ckay, Mark, I'll ask you that this afternoon.

BODVARSSON: | think to answer your question a little
bit, Priscilla, we have been concerned that perhaps the rock
bolts are going to increase seepage around them because they
generate a pathway, if you will, because you drill up there.
Al'l our studies indicate that's not the case, because

there's such a snmall volune of water that can access it
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anyway.

Wth respect to the chem stry affected by rock
bolts, | think that's nore in the in-drift environnment. |
don't know if Mark is going to handle it, but maybe you can
address it in yours. I'mstrictly rock in this presentation.

BULLEN: Bul | en, Board.

Could we go to Slide 50 just real quick? Your
second point on Slide 50 basically made the comrent that for
a relatively short period of time, you' d have the effect of
the chloride in the drift, which I think is your second one,
el evated concentrati ons of aqueous speci es.

BODVARSSON:  Yeah.

BULLEN: Predicted for short periods of tine. Go back
to Slide 45 now. | just had a question about that el evation
there, and the tinme franme of it. Could you explain to ne
what the 1080 and 1520 nean? And it looks to ne |ike the
heat Rev 1 that you have sort of takes about 500 years or so
to come back down to anmbient. So, is 500 years a short
period of tinme?

BODVARSSON: This is the values of chloride that are not
plotted on there. They were way up there in the beginning.

BULLEN: Al right.

BODVARSSON: I n all honesty, ny recollection of this is
that it drops practically instantly dowm to a few hundred

mlligranms per liter, because the anount of chloride is just
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tiny. So, this occurs, nost of this occurs in--

BULLEN: In one PAtine step?

BODVARSSON:  Yeah, like tens of years.

BULLEN: Ckay. So, the tine frame of 500 years |'m
| ooking at is sort of an artifact in the cal cul ation?

BODVARSSON: | think it is, because what we can do for
you, and |'ve asked Doug Shirley and ny people to do this, is
to calculate the volunme of mnerals that are on the drift
surfaces, and they did it, and it's a very, very snal
anount. You just can't get aggressive brines for |ong
periods of time. You get small anopunts.

BULLEN: Ckay, thank you.

CORRADINI:  One |l ast question. So, | want you to,
ei ther one of our cartoon inages there, so the way you
describe the story, is it independent of the power generated
in the drift between that purple area? | was told the | ower

end of that purple area is 1 kilowatt--

BODVARSSON:  Yes.

CORRADI NI Just let nme say it out |oud, because | m ght
have it wong, so you wll correct me if I"'mwong. So, the
bottom part of that purple band is 1 kilowatt per canister on

aver age?

BODVARSSON:  Ri ght .

CORRADINI:  And the top one is 12 kilowatts per canister
on average?
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BODVARSSON:  Yes.

CORRADI NI :  And the story you just presented sounds to
me in the first thousand years, independent of that power.

BODVARSSON:  Yes.

CORRADI NI 1 Okay.

BODVARSSON:  It's independent of that power, and let ne
just clarify it alittle bit. |[If you have an average power
of, say, five, and then you have the 12 kilowatts, and then
you have the 1, so the average is 5, this story is dependent
on the average. But the average of the waste packages that
show a fairly large tenperature variability in the drift, do
not go very far into the rock. So, that's why everything is
averaged that way. So, the story is pretty nuch the sane for
rock distribution of the waste packages.

CORRADI NI :  Can you repeat that one nore tinme? That's
actually inmportant, and | didn't catch it. So, say it again.

Do you m nd?

BODVARSSON: |'msaying that if you have assenbl ages of
wast e packages with various thermal output, they have an
average thermal output of X, the distribution of the waste
packages are not going to matter a heck of a lot. It's the
average of X heat output that the rock sees, because the rock
doesn't see a lot of variability within the drift, because
it's averaged so nmuch out within the drift, because the heat

transfer of the waste packages to the drift wall is by
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radiation, and if you have a hot one here and a cold one
here, it still radiates in all directions. 1Is that clear?

CORRADINI: 1've got it.

DUQUETTE: That concludes this norning s session.
Before actually concluding, 1'd like to thank the speakers in
the technical part for really very nice and conpl ete and wel |
prepared presentations, and the Board thanks you very nuch
for that.

We' Il convene exactly at 1:30. So, we'll |ook

forward to seeing all of you then.

(Wher eupon, the lunch recess was taken.)
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AETERNOON SESSILON
CRAIG (Ckay. W are now beginning the second part of
t he Technical Session. [I'mPaul Craig and I"'mchairing this
session. W have what turns out to be about four hours to
tal k about a bunch of different things; three talks in four
hours. So, we do have tine.
We're going to begin with Mark Peters from Los

Al anos who is going to talk about the Character of the In-

Drift Environnent, then Joe Farner of Livernore, Mterials

Performance, and then we'll take a break, and then after
that, Bill Boyle conmes back to tal k about the Techni cal
Program Summary. Then, we're going to have a |lot of tine for

general discussion, and at 5:30, | will give up the Chair to
M ke and we' |l have public comment. [|f you want to nmake
public conmments, you should register with Linda Coultry or

Linda H att out at the table in the back of the room And,
you are, as always, welcone to submt your comments for the
record.

We're going to begin with Mark Peters. Mark, have

you ever actually lived at Los Alanos? No. Wen | first



© 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

156

knew him he was in Las Vegas and now he's living in
Washi ngton. Ckay, he gets around. So, Mark, I'll give you a
war ni ng when you' ve got about 10 m nutes left, and as with
this nmorning, but with slightly nore enforcenment, please,
hol d your questions until the end of Mark's tal k unless you
can't hold yourself and you have a question of clarification.
PETERS: Ckay. |I'mgoing to wander, if that's okay.

Let me start by saying |I'mgoing to be picking up
fromwhere Bo left off. He wal ked us through the seepage
pi ece during the thermal period, in particular, dropped the
water to the drift wall. So, |ooking at the poster, he
focused, in particular, up in this region here. |1'mgoing to
tal k about regions nmaybe nore than you' ve heard up until this
poi nt today where you' ve got an above-tenperature region, a
transition region, and then a bel owboiling tenperature
region. So, if I mx those in, I'mtalking about those three
regions. But, again, I'mgoing to evolve the chem stry from
seepage at the drift wall and evolve it in the drift, and
sinplistically speaking, hand that off to Joe who will then
tal k about corrosion of the base netal and al so about the
wel ded zone along the Iines of what Ron was aski ng about.

You know, | don't want to bel abor what was al ready
said this norning by Bill and Bo, but this is really a
mechani smfor us to put together our understanding or our

basis of the systemfor this piece, these set of features,
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events, and processes; the coupled processes, the in-drift
environment, and | ocalized corrosion on the netals. So,
again, protection by the rock in general terms, protection by
the alloy. There's this transition zone where it's very
inmportant. These may very well overlap. Bill kind of
al luded to that, but it's very inportant to understand
chem stry throughout the system but particularly in this
regi on here.

| also want to say that | am not the nodeler.
t hi nk everybody knows that. |'m speaking for a wealth of

peopl e who have done a |lot of very good work at Bechtel SAIC

in Las Vegas, at Livernore, and at Berkeley, and I'll be
presenting the results and our basis. [|'ve reviewed it
extensively so | can sit up here and speak with confidence,

but I don't want to take credit for the good work. But, if
it's a bad presentation, blanme me. Okay?

So, next slide, please? I1'mgoing to wal k through
real quick what |'ve already said basically. The purpose of
the presentation, talk a little bit about the three
tenperature regions. |'malso going to want to enphasi ze as
we' re going through, don't forget about the X axis here. How
long are we spending in the different tenperature regions?
That's an inportant conponent to this. Up here, you know,
you' re above-boiling for a significant chunk of tine. You're

really below boiling for a significant chunk of the 10, 000
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year period. You're in this transition zone near boiling
really for a very short period of the total conpliance
period. That's an inportant point that | think needs to be
brought out, as well. So, I"'mgoing to talk sone nore about
the three tenperature regions, talk about the evolution of
the in-drift chem cal environnment, bring up chem cal divide
theory, the ternaries that Bo and Bill have shown will show
back up. W'Ill talk a little bit nore about how the water is
represented in that idealized ternary, talk about the in-
drift water chem stry nodel, our basis, our validation of
that nodel, then tal k about deliquescence. Bo handed t hat
off to me. So, we're going to discuss deliquescence. Then,
wap up with enphasis on ny part of the picture, but also
hamreri ng home some of the points that Bo nade and al so
pointing forward to sone of the points that Joe is going to
make and finally just concl ude.

So, again, I'mpresenting the in-drift chem cal
envi ronment nodel i ng approach that's being devel oped for the
Li cense Application and I'll talk about the basis, the
val idation basis, for that nodel. |It's going to be broken up
into talking about it in two conponents. Let's keep it at
two conponents. First, I'"'mgoing to tal k about the seepage
aspect. Bo's brought the water to the drift wall. That's
potential seepage into the drift. It's got a very dilute

chem stry, a fairly narrow range of pHs. That is possibly
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water that could drip in. That water will be evolved in the
in-drift environnment through evaporation as a function of
tenperature and relative humdity and ot her paraneters.
That's the first part. The other aspect of the systemis

del i quescence that could occur in evaporative salts that have
gathered on the netal surfaces, or for that matter

del i quescence on the dust that's got on the waste package
surface. That will be the second piece that 1'Il tal k about.
And then, we'll wap up.

So, to summarize, nmeet up front, and sone of this
again is what Bo's already discussed, the chem cal evol ution
of the seepage waters controlled by tenperature and rel ative
hum dity in all three regions of the stages of evolution; the
dry-out, the orange piece, the transition, this greenish-gray
pi ece, and the | owtenperature or blue piece of the graphic
t hat we've got over here on ny left.

Bo's already al so tal ked about the second bullet,
the variability and uncertainty--oh, excuse me, he was
tal king about the variability and uncertainty in the pore
waters, capturing the variability and uncertainty that you
get when you bring the water to the drift wall. This is also
getting at nmy sunmary where |'mtal king about the variability
and uncertainty in the predicted conposition of evolved
seepage waters is accomodated in our approach for the nodel.

"1l hope to convince you of that as | go through.
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The concentrated waters that coul d support
| ocal i zed corrosi on have been shown to be relatively rare,
and even if they did occur, they' d be very small quantities.

Experinental evidence, as well as nodel
cal cul ations, on the influence of deliquescence of the dust
or salts on the netals has been shown not to initiate
| ocalized corrosion. | wll touch on that and Joe will then
pick up and run with that fromterns of howit fits into the
nmet al degradation story or non-degradation of the netal
story, however you want to put it.

The probabl e evol ved seepage waters and
del i quescence brines are benign. Calciumchloride brines are
not expect ed.

And, finally, the drift environnent is expected to
be an "open" system

So, again, just to--1 really want to hamrer hone
tying back to the graphic or the poster here, the dry-out
region, again in the orange area, were above-boiling, were in
dry-out. | use the word "shields" in quotes, but the
capillary barrier, as well as the thermal barrier protecting
the drift fromany significant water seepage. Bo stated we
expect no seepage during that dry-out period. Deliquescent
brines can occur in the absence of seepage brines during that
peri od.

Movi ng down-tenperature into this transition region
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in here again, a short amount of tine of the conpliance
period, but just the sanme, we do go through that period. The
onset of seepage may occur. The chem cal evolution of the
potential seepage is of interest because of evaporative
concentration that may produce brines and that's going to be
the lion's share of what I'mgoing to tal k about next when we
tal k about the evolution of potential seepage waters.

We are doing testing in addition to the nodels that
"1l talk about. W're doing a lot of testing |ooking at
representative waters and how they evolve in terns of
evaporative concentration. And, the geochem cal nodel has
been devel oped to represent the water conpositions in the
drifts that woul d expect and we capture the variability and
uncertainty in the processes.

Then, noving down to the | ower tenperature region,
t he blue region, where we're well-below boiling and really
makes up the significant chunk of the conpliance period, the
seepage water chem stry evolution again is a function of the
anount and chemi stry of the incomng water, the tenperature,
and RHin the drift. There is an effect fromconmmtted
materials. What | nmean by conmtted nmaterials, there was a
guestion earlier about effect of rock bolts. Commtted
materials reads rock bolts, steel sets, grout, although there
isn'"t grout in the drifts in our current design basis, but

those are the sorts of things that we're referring to. And,
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finally, deliquescence can still occur, but remenber we're at
a very low tenperature here and Joe will talk a lot nore
about tenperature thresholds for |ocalized corrosion and al
that sort of stuff.

Just to hammer hone that |'mbreaking this up into
really talking about it in two pieces, you' ve got--this is
just a cartoon or a conceptual picture of the drift, waste
package drip shield showi ng seepage water that could enter
the drift and al so deliquescence filns that could be produced
on the nmetal surfaces. So, these can again occur at a range
of tenperatures. Seepage, we expect to occur at and bel ow
boiling. But, we've got a nodel which in general speak is
termed the in-drift precipitous salts nodel. [It's the node
that defines and is validated that defines the evol ution of
the in-drift chem cal environnment.

|"mgoing to repeat sone things, | think for
enphasis that Bo's already touched on, but in terns of the
boundary--1'I1 call it the boundary conditions--where we
start fromwhen we enter the drift. Wat sort of available
data and neasurenents do we have? | nean, Bo tal ked about
we' ve got 8km of tunnel in the exploratory studies facility.

We've got pore water nmeasurenents fromthe proposed
repository horizon | evels, five of which Bo has taken and
evol ved through the THC coupl ed process nodel. W' ve got

observations that Bo tal ked extensively about from our heater
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tests, in particular the drift scale test, and of the

predi ctions and the neasurenents and the confidence that we
have a valid nodel in that area. | would want to reenphasize
that fact that we've been able to collect a ot of water from
the drift scale test, in particular, and I think we've gained
a lot of confidence in our understanding of the chemstry
aspects of the systemby being able to collect that water
conpared to predictions. And, finally, really in the in-
drift environnment, it's focused on |aboratory studi es where

we're taking pore waters, representative waters, and putting
t hem t hrough evaporati on experinents and al so doi ng sone
experinments with deliquescence.

So, let's talk about the nodel for the in-drift
environment. There's a handoff from nodels that Bo discussed
that come through the THC tine series, the cal culations from
t he unsaturated zone THC nodel w th TOUGHREACT. W take
those water chem stries and through a series of--on here,
it's called abstractions, but they're binning exercises and
"1l talk nore about what we do as we take that TOUGHREACT
output. We're able to put those into a set of representative
wat er chem stries that capture the uncertainty and
variability that we'd expect to come in a seepage. Again
here, 1'mfocused on seepage for now. Then, noving to
del i quescence, we do an experinental evaluation of

del i quescence. Then, also, an inportant point that's going
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to be brought up towards the very end is we also in our base
i s devel opi ng an understandi ng of the gas phase m xing wthin
the drifts. That's real inportant when you start talking
about being able--could we sustain, say, acid gas type
environments in adrift? 1'Il get to that, as well, at the
very end.

So, noving into the chem cal divide theory, this is
sonmething that, | think, the Board has seen before. Geg
Gdowski has shown it before in the past. It's out of
Drever's textbook. But, it shows how natural waters through
t he influence of gypsum calcite precipitation, gypsum
precipitation, as well as magnesiumsilicate precipitates can
evol ve geochem cally as a function of evaporation. | only
want to bring it up because you can see--1 nean, it's a
somewhat idealized diagram but it shows how one coul d
through calcite precipitation and gypsum precipitation, for
that matter, evolve to a chloride brine and it all depends on
the relative concentrations of carbonate to calciumto
sulfate in the system |It's a sonewhat sinplistic diagram
but inportant to bring in the context as | nove into the
evaporative concentration cal cul ati ons.

A simlar depiction of what Bill showed earlier,
chem cal divide theory. Here, we're representing in this
again the sane ternary diagram cal cium bicarbonate, sulfate

One question earlier, it's an equivalence. That's an
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i nportant--that m ght have been clarified offline, but it is
an equi val ence. So, you've got cal ciumagain by carbonate
sulfate. It's an idealized ternary. | think that's probably
obvious, but I do want to state that. W've got a nultiple
conponent systemand we're projecting it onto a three
conponent system first of all. And, also, these boundaries
are ideal boundaries nmeaning if there's any non-ideality in
the system bringing activities that aren't equal to one, in
ot her words, that will cause these boundaries to shift.
That's maybe a subtle point, but it's inportant to renmenber
particularly when we start tal king real water conpositions up
here. But, we felt that it was a good way to wal k t hrough

the systemhow it mght evolve with the proper caveats.

Sonet hi ng you' ve already seen, Bill showed this and
Bo al so showed it. So, | won't dwell on it. But, this shows
the sane ternary, sane divides, idealized boundaries with the

different water chem stries. The pore waters that Bo started
with are a subset of these five dark, | guess, that woul d be
bl ui sh-purple circles.

So, how does the in-drift water chemstry fit into
the picture? W started with a coupled THC nodel. W take
t he output fromthe THC nodel which represents potenti al
seepage. So, you've got a series of--you know, actually,
nove to the next slide, if you would. Let's talk through it

here. This is kind of a wiring or flow di agram of how t he
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nodels fit together. Bo has focused, in particular, on just
these first two boxes; taking the anbient pore waters and
evol ving them t hrough TOUGHREACT and bringing a set of waters
in the system

The result selection involves |ooking at all the
date points and all the grid blocks and taking only those
waters that nmake sense in terns of potential seepage.
There's waters that are below the drift. Those aren't going
to seep. So, it really focuses on narromng in on the waters
within the systemthat are likely to seep. So, that's the

first set of criteria that we follow through

Then, we also |look at the tinme evolution of the
waters. |In that process which here is called generically a
bi nni ng process, we were able to take the output from

TOUGHREACT and represent that as what's going to, as you're
going to see in the next slide, 11 Bins that represent the
variability and uncertainty of waters that could enter the
drift as seepage.

So, a lot of what |'ve just said, you get 11 types
of water conpositions. They can be evol ved through many
states. Inportantly, the types of brines are determ ned by
the source location if the initial brine, i.e. crown waters.

And, | think, Bo clarified what we nean by crown. W can
al so extract the frequency of occurrence for each type of

water and I1'Il get to a table that really is the take-hone
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point fromthis part of the presentation. Then, I'mgoing to
talk a little bit nore about the binning process as it
applies to starting water chem stries in the next couple

sl i des.

A conplicated diagram | don't want to dwell on
it. Wat |I'mplotting here is nolality versus tine in years
for several different species, also pHand Bin. |I'mplotting
nmolality of a chem cal species on the left and pH and Bin are
plotted on the right. Wat is this showing? This is show ng
one of the starting pore waters and showi ng how it evol ves
t hrough the THC nodel. So, really, Bo could have spoke to
this piece, but nmy part cones in because it shows how the
different water chem stries as a function of tinme breakout
according to the Bins, the 11 Bins that we come up with when
we do the binning exercise to | ook at potential incom ng
seepage. So, a couple of inmportant points. The pH, this
particul ar one, here's that--you know, it's pretty constant,

t hough really, | think, the nice job of pointing it out, this
particul ar water chem stry stays pretty constant right around
8. But, as tine goes on, the different aspects through the
different aspects of the evolution, you can see how the data
poi nts break up across the 11 Bins. You can see these data
points end up in Bin 3, whereas these up here end up in Bin
11. Again, there's a table here where 1'Il talk about all 11

Bins and tal k about where they start and where they end in
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terns of their evolution.

Next slide is just another exanple for a different
sorting pore water again show ng how we trace through the THC
nodel . You can see 11 seens to showup a lot and I'Il get to
the frequency of occurrence again in that table that I'm
about to get to.

There's the table. So, we've taken the THC out put,
we've put it into 11 Bins that represent the variability and
uncertainty of the potential seepage that m ght cone in; so,
Bins 1 through 11. The second colum represents the tine-
integrated relative frequency for crowm waters. Let nme point
out a real inportant point. These are for crown waters.
These are waters that occur at the wall just inside the rock,
as Bo put it, that first grid block, and it could potentially
seep.

CORRADI NI : A question of clarification. So, | think
understand it, but I want to go back. So, you predict what
you think is at the wall. You then trace the chem cal
speci es and then you break them down into 11 representative
groups, and by the prediction of how nuch they appear, you
get essentially the frequency or the probability of seeing
Bin 11, Bin 10, blah, blah, blah?

PETERS: Yes.

CORRADINI:  Is that approximately right?

PETERS: Yes.
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CORRADI NI :  Ckay. So then, you are assuming that this
will or could go into the drift?

PETERS: Right. |I'mnot saying it will drip.

CORRADINI:  But, you're saying if it did, this is the
conposition?

PETERS: Right.

CORRADI NI 1 Ckay.

PETERS. So, that's an inportant |ink back to Bo's
because Bo--you know, it won't necessarily drip, but if it
did, this is the frequency of water--the frequency broken up
and these nunbers add up to 100 percent of the 11 Bins. Now,
if you take those 11 Bins and you plot them-and you think
about where they start their life in ternms of chloride,
nitrate, sulfate, bicarbonate waters, this colum here is
showi ng where they start their life. This RHis their final
del i quescence point where they evolve to when you evaporate
the conplete dryness. And, if you evaporate the dryness,
this is where they end up. So, an inportant point. Two of
the Bins could evolve to a cal ciumchloride end point, but
they don't occur in the crown. | think that's an inportant
t ake- honme point .

There's three Bins that make up the dom nant water
that we woul d expect that could seep into the drift. Those
are Bins 4, 9, and 11 and you can see they evolve to

chloride-nitrate, or carbonate chloride brines. An inportant
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point, nitrate, and we'll get to nitrate/chloride ratios in
those bins, in particular, as this plays out, and then Joe is
really going to talk a | ot about the influence of nitrate on
| ocal i zed corrosion.

BULLEN: Bullen, Board. Just before you | eave that one,
a clarification question.

PETERS: Yeah?

BULLEN: The first two Bins are essentially the nost
aggressive waters, the cal cium chlori de.

PETERS: Ri ght.

BULLEN: Wiy do you never see then?

PETERS:. Because they don't occur in the crown.

BULLEN:. Do they occur el sewhere?

PETERS: |If you |l ook at waters down along the side, if |
did this thing for a conbined crowm and sonething that m ght
leak in fromthe side, these nunbers would be | ess than one
percent. So, they occur, but they don't occur as seepage.

It can't occur as seepage.

BULLEN: GCkay. And then, | guess, the question is what
are ny error bars on this prediction of they don't occur in
the crown, plus or m nus what?

PETERS. Error bars on the end of--1 nean, it's a sinple
fact, they don't occur in any of the grid blocks that we
woul d expect to seep throughout the tine.

FARVER: Al predicted waters are accounted for in the
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11 Bins.

PETERS: Yeabh.

BULLEN: So, there's a nedian and--

CRAIG Joe, use your mcrophone. You ve got to use a
m cr ophone.

FARVER  Sorry. All predicted waters are accounted for
in the 11 Bins. There's a nedian, a maximum and a m ni num
And, if you look at a particular Bin, it enconpasses many
wat er conpositions, but if you go fromBin 1 to 11, those 11
Bi ns account for all the predicted water conpositions and
there are quite a few of them

BULLEN: Thanks.

PETERS. So back to the ternary diagrans. Here is the
11 Bins plotted up on the idealized ternary. Shown in green,
italicized, are Bins 4, 9, and 11 which nake up the majority
in terns of relative frequency of occurrence. Also plotted
on here in yellowcircles are the solutions that are used for
corrosion testing. Joe's going to talk nore about that. |
won't dwell on that, the point being that the kind of
solutions that we're using for corrosion testing are really--
t hey' re bounding our problem That's ny take-hone point from
this.

Back up one second, please. Wat |I'mgoing to now

tal k about is take these 11 Bins and then evol ve them through

evaporative concentration. How do they evolve, what do they
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produce? The table already gave you the answer, but we're
going to show a few specific exanples.

What about the nodel validation approach before |
get to showi ng you a couple of exanples of evaporative
concentration calculations? The inprovenent in the in-drift
nodel from ESR and the LA has been the incorporation of a
Pitzer nodel for activity conmposition relations, in
particular, that does a nice job of evaluating these nore
concentrated solutions. It's an inprovenent that probably
means sonething to the geochem st types in the audience.

But, it's a significant inprovenent going froma (inaudible)
to a Pitzer type fornmulation. To denonstrate and to build
confidence in our nodel, we validated it agai nst some of your
own | aboratory data, as well as |ooking at published results
and 1"'mgoing to wal k through a couple exanples of that in

t he next couple slides.

First, a set of calculations done by Garrels and
Mackenzie. This is the evolution for the evaporation of
Sierra Spring water. Plotted on the left is again the
Garrels and Mackenzie cal cul ation done with a different
approach; on the right is our EQ3/6 sinulations for the sane
starting water conposition. So, it's concentration of
vari ous species al so showi ng how pH tracks versus
concentration factor as you evaporate the water. W dug into

the details. It does do a nice job of show ng that
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i ndependent cal cul ation techni ques do give a very simlar
answer which builds confidence in our nodel.

Anot her exanpl e shows predicted solubility. Here,
" m | ooking at sodium chloride solubility as plotted in the
CRC Handbook versus our predictions, a one to one line, as
wel | as under prediction by a factor of 10, and over
prediction by a factor of 10. It then it shows the actual
data fromthe CRC Handbook showi ng that our nodel does
respect that data, as well.

Next, some experinents that have been done by DCE
for Yucca Mountain. These particular set of experinents were
done by N na Rosenberg and coworkers at Livernore. They took
a representative Yucca Muwuntain pore water and it evaporat ed.

These particul ar experinents were done at 85 degrees

Cel sius. They concentrated it. Two sets of data are shown
here; one for a concentration factor of 1, one for a
concentration factor of 1,243, again show ng under prediction
by a factor of 10, an over prediction by a factor of 10, and
our EQ/6 sinulation of those experinents.

So, noving now to Bins 4, 9, and 11, the three that
| pointed out were the nost conmon in terns of occurrence in
the crown, potential seepage. |1'mgoing to show three plots,
one for each Bin where I'"'mplotting either pH or nolality
versus relative humdity showi ng how di fferent species track

and al so how pH varies as you evaporate these waters towards
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dryness in the nodel. Al so shown on here are blue curves
that show the rel ative amobunt of water remaining just as you
go towards dryness in the three Bins. Al so shown on the
bottomis a reference back to the tenperature-tinme curve, in
particular the tinme, and at approximately at what tinmes we
expect the kind of relative humdities that are shown on the
plot. A lot of information on these. A couple of take-hone

points; the pHin this particular, you can see, stays right
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around 7.5 to 8 and the relative anount of water, as one
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woul d expect, decreases until you get to conplete dryness.
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Next one, Bin 9, again one of the other conmon
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Bins. Here, pHis actually evolved as you evaporate up to
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the range of 10. Bo really enphasized and nade sone good
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poi nts about what the pHis of the waters in the rock. It
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really fits within a fairly narrowrange, 7 to 8. |If you
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| ook at the 11 Bins as they evaporate in the drift as we
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evaporate potential seepage, the pHrange is nore on the
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order of 4 to 10.
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CORRADI NI : Again, a point of clarification?

N
o

PETERS:  Uh- huh.

N
=

CORRADINI: | read this fromright to left. [Is that

N
N

incorrect? Because your tine marks are going fromright to

N
w

| eft.
24 PETERS: Right.
25 CORRADI NI : Is that correct?



© 00 N oo o B~ w N P

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

175

PETERS. Yeah. Yes, that's probably the right way to
think about it in terns of this picture. Yeah.

CORRADI NI 1 Okay.

CRAIG How do you read the relative anount of water
remai ni ng throughout this?

PETERS:. |It's not really plotted on a scale. It's just
trying to give a sense for relative change in the amount of
wat er .

CRAIG And, the anpbunt of water increases with tinme if
you read fromright to left?

PETERS: Yeah, |I'msorry, that's confusing. W're
reading it in this direction.

CRAIG | think that's what--

PETERS. As you take a water and evaporate it down, you
start with this much water, and when you get towards dryness,
you' ve got a factor of 2 |ess.

CRAIG Ckay. But then--

FARVER  Excuse ne. The term nal point corresponds, |
think, to the relative humdity of the deliquescence point.
So, you begin at 100 percent RHwith a very dilute solution,
and then as you evaporate it down, you approach the
del i quescence point and the term nal point would correspond
to the critical RH where you woul d have del i quescence.

CORRADINI: Can | try one nore time? | caused this.

So, | look at the red bar, the yellow bar, the blue bar. |
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interpret that to nean that the nolalities--forget the water
line--the nolalities are actually going fromright to left
because you're essentially drying out and you' re becom ng
nore higher relative humdity. |Is that incorrect? |'mjust
trying to understand your red, yellow and--

PETERS:. | understand what you're saying. |If |I had a
drop of water at 2000 years, |'mbasically anmbient, right?
So, 1'd be here. If | had to draw off the water at the drift
wall that | then introduced into the drift at, say,

approximately 500 years, this is the conditions that it would

be at. It would evaporate to that point. Cearer?
CORRADI NI :  Yeah.
PETERS:. Joe, you want to take a cut at it?
CORRADI NI :  Yeah. Yeah, | think this shows the--1 think
to try to map tinme over on this curve is probably not the

best thing to do though. There are scenarios where that
woul d be appropriate. | think what this is showing you is
that for a particular Bin water, in this particular case Bin
9, you can start out with a very dilute Bin 9 water which has
an equilibriumRH close to 100 percent. Then, as you take
that Bin 9 water that, frankly, is a fairly dilute solution
at | east conpared to what you eventually get to is you
evaporate the dryness, and you start evaporating that Bin 9
water--let's say hypothetically on the surface of the waste

package--this shows the concentration evolution that you get
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on the surface of the waste package as you evolve a Bin 9
type of water. So, as we go through these types of

cal cul ated or predicted evolutions with the EQ/6 code, we
see how the 11 characteristic Bin waters evolve on the
surface of the waste package, as Mark said, as we evaporate
themto dryness. So, you're going froma very dilute aqueous
phase to sonet hing that approaches a deliquescent brine to
sonmething that at the termnal point is alnost a solid. So,
this shows the evolution of that solution. | think these
calculations, | believe, we done actually in response to sone
of the earlier requests by the Board.

CERLING Cerling, Board. So, what do the 2000 year
poi nt, 1000 year point, and 500 year point--

PETERS:. It was attenpting to try to tie--perhaps, Joe's
correct, but it was attenpting to try to tie the expected RH
conditions in ternms of tine because--

FARMVER: That's correct.

PETERS:. That's what were trying to do was tie this back
to the time axis here because the RH at early tinmes is lowin
the drift; hence, that is--

FARVER  Yeah, the tine points on the X axis were not
used in any way in the prediction. Basically, during sone of
the preparatory work for this presentation, people were
curious and--you know, there are certain RHs that occur in

the repository at certain periods in tine. For exanple, if
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you give ne a certain point in tinme, | can look up on this
curve that we show you on the poster the tenperature and the
corresponding relative humdity. So, there were questions
during the dry runs pertaining to, well, when would you have
a deliquescence or a particular type of solution occur on the
wast e package? So, those bars at the bottom correspond to--

CRAIG Okay. Continue on, Mark. 1'mrem nded by Scott
to ask people to speak into the m crophone and identify
your sel ves, pl ease.

PETERS: Ckay, next one. | won't dwell on this. This
is another one of horsetail plots, as we like to call them

for this tinme, Bin 11, showi ng the pH again up around 10.

Let's tal k now about chloride-nitrate rati os.
Again, we're still focused on the crown seepage waters, the
potential waters that could seep. This particular

cal cul ati on happens to be for one tenperature and one Pco,.

| shoul d have nentioned back earlier that we' ve done this at
three tenperatures and three Pco,s, 40, 70, and 100 degrees
C, and Pco,s at 107 10° and 10° in terns of partia
pressure of CO. W' ve also done uncertainty anal yses down
to 10° in terns of partial pressure of CO. But, this shows
nitrate/chloride ratio. That's a function of RH which is
again--1'"I1 call it a proxy--for evaporative concentration.
That's nmy words. But, it shows how those Bins evolve in

terns of nitrate/chloride ratio. This is particularly
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pertinent to what Joe's going to talk about in ternms of the
presence of nitrate and how that affects |ocalized corrosion.
So, back to the ternary and again the three Bins
that are the nost frequent in terns of relative frequency
occurrence; Bins 4, 9, and 11 show ng how they evolve. Bin 4
shown in green, Bin 11 in the blue, and Bin 9 in the red
showi ng where they start. This is really a graphical
representation of what you saw on the table, where they start
and how they evolve in terns of this idealized ternary. Wy

does Bin 4 start out in this idealized systemin what | ooks

like a calciumchloride brine field and evol ves across the
di vide? That seens to violate thermal dynamics. |It's
because it's an idealized ternary. There's actually a slide

in the backup that shows the evolution in terns of what's
precipitating as you evaporate. It shows that there's a |ot
of other conmponents driving why you' re seeing that across

that divide in this idealized system So, we've taken
potenti al seepage, devel oped the evaporation of that
potential seepage and that results in a set of |ook-up tables
as a function of RH tenperature and all the species that then
t he nodel can then--TSPA can then go pull off of a | ook-up
table and go in and say this is the environnent as a function
of time and tenperature.

So, now, noving to deliquescence, this is a

somewhat busy diagramjust to try to help talk a bit about
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del i quescence. We've tal ked about the evaporation process.
You get water dripping in, evaporate and precipitate salts.
There's al so dust potentially gathered on the surface of the
nmetals. You evaporate that towards dryness. As you
evaporate it towards dryness, you get again a set of
preci pitates gathered on the surface that then, as a function
of RH, can lead to deliquescence or generation of liquid
films on the surface of the netals. The different
del i quescent mnerals will produce aqueous or deliquescent
films dependi ng upon their particular properties and the
relative humdity conditions in the drift. Chlorides wll
have a different deliquescence point in terns of relative
hum dity than a nitrate, for exanple. Then, you go through
t he del i quescence process. So, you can actually produce
liquid films on the surface of the nmetal at actually fairly
hi gh tenperatures and relatively | ow RHs dependi ng upon what
the conposition of the phase is on the surface.

So, now, let's talk a little bit about
del i quescence. This is first leading off with a sinplified
system sodium chloride-sodiumnitrate at a specific
tenperature, 90 Cel sius, show ng a phase di agram as
cal cul ated by EQB/6 and al so sone neasurenents that we've
done in the laboratory. This is leading off with trying to
show that we are, in fact--we're validating our nodel, we

have confidence in our deliquescence nodel, and we're doing
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simlar types of calculations for other systens to gain
confidence in our nodels.

Next, | tal ked about the fact that as you
evaporate, you can build up deposits on the surface. That's
an inportant conponent of deliquescence. That's accounted
for wwthin the deliquescence nodel in the in-drift chemstry
nodel . What about dust? Dust fromthe surface can produce
del i quescence. W've already said that. 1've talked in past
nmeeti ngs about dust anal yses that we've done, the U. S.

Geol ogi cal Survey has done. They've taken over 50 sanpl es.
They' ve done anal yses of those dusts. Those dust
conpositions have been grouped into four likely categories in
terms of their deliquescence behavior and then we nodel ed
that with EQ3/6 to | ook at what the deliquescence RH val ues

are for those four representative dust conpositions. That's

shown, | believe, in the next slide.

A graphical m stake on ny part, these red squares
shoul d be up here on this line. |[|'mnot sure what exactly
happened. But, what this is showing is relative humdity

this time on the Y versus tenperature for the four
representative dust Bins and how they evolve in terns of
their deliquescence point as a function of tenperature and
relative humdity.

Next slide. So, we've accounted for the dust

aspects of the problemin terns of deliquescence. Now, let's
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talk a little bit about just deliquescence, in general, and
particularly, the introduction of an evaporative salts on the
surface. This is the piece that 1'mgoing to touch on and
Joe is going to also carry forward as he tal ks nore about the
nmet al degradation piece of the story. The objective here is
to characterize the filnms that may form on the package,

detect if there's any associated corrosion, and then neasure
how much corrosion. W' ve done these experinents. These are

Li vernore experinments that have been done in a

t hernogravi netric anal yzer where you | ook at wei ght change.
You fix the relative humdity and tenperature. In nost of
t he experinents, we've applied actually a deposit of a

chloride or a nitrate and seen how that evol ved through the

function of tenperature and then we | ook at the sanples after

we' ve exposed them for a period of weeks.

Next slide, just a nice picture of the apparatus.
I"mnot going to dwell on this one. | think Joe wll
probably touch on it in nore detail.

Next slide shows the results at three different
tenperatures. Joe's got a slide that, | think, focuses
mai nly on the 150 degrees C data. Wat you're seeing here is

the results of one experinment where we've deposited cal ci um
chloride on the surface of Alloy 22 at fairly lowrelative
hum dities and its weight change is a function of tine.

These experinments have since been run out on the order of
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weeks, but it's again show ng wei ght change for three
different tenperatures. The 100 degrees C data shows t hat
the calciumchloride is stable for the entire duration of the
test. You go to the higher tenperature data, 125 degrees C,
you can see that the solution evolves slowy and you slowy
forminsoluble precipitates, whereas with the 150 C data, you
forminsol uble precipitates and then evol ve acid gas which
produces the wei ght change. Wen you | ook at the surface of
the sanples--and I'"'mnot going to focus on this again; Joe is
going to talk nore about this--we see nor detect Alloy 22
degradation in the presence of these deliquescent brines. W
have characterized what precipitates out as you heat the
metal surface with the deposited cal ciumchloride on the
surface and those properties have been analyzed in order to
under stand how they evolve as a function of tenperature.

So, a quick slide on what sorts of things we saw on
the surface of that netal. SEM anal yses were done that
i ndi cated that precipitates contained sone substanti al
amounts of calcium chloride, and oxygen. There was a wet
chem cal anal yses done and Raman spectroscopy done, as well,
and the precipitates were in all likelihood a m xed cal ci um
hydr oxi de-chl ori de phase. But, this is the kind of
characterization that we're doing on all the deliquescence
experinments to understand what sorts of things evol ve when

you introduce, for exanple, a calciumchloride coating on the
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surface.

So, we've tal ked about potential incom ng seepage
wat ers, how they evol ve by evaporation, deliquescence on
evaporative mnerals, deliquescence on dust, and what about
condensate? You can see Bo alluded to the fact that we've
seen evi dence of condensation in the cross-drift. Perhaps
out in this part of the evolution in the blue area down here
when we're not even in the cooler area of the tenperature-
time evolution, you could see scenarios where you could get
condensation on the netal surfaces of basically distilled
water, but if there's dust on the surface, that could evol ve
to a brine. So, we've done a series--again, using the sane
dust anal yses that | tal ked about when we were tal king about
del i quescence, we've done a series of calculations starting
with those four--excuse ne, starting with a representative
set of dusts and evol ving those through EQ/6 and | ooked at
how t hose evolved in terns of brines when you interact the
condensate with the dust.

The next table, the next slide, shows the results
of those brines. A simlar kind of format to what | showed
with the seepage water. Here, you've got six representative
Bins, the relative frequency of occurrence of the Bins, let's
see, where it starts in ternms of its conposition, and where
it evolves to at its end point with its deliquescence point

shown here in this colum here, the end point RH You see
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t hey evol ve and they evolve to nitrate or nitrate-chloride or
bi carbonate brines. These dust |eachates again are all part
of the story that goes into the evolution of the in-drift
chem cal environnment that results in a set of |ook-up tables
that's used by the total system nobdel to sanple conposition
of the in-drift environment as a function of tine.

What about committed drift materials? | have one
slide on that just to point out that, yes, there are
commtted drift materials. They're inportant to consider in
the story. The majority of the materials are netals, no
surprise. There's a lot of different elenments that could
affect the chem cal environnent. These are really not
anticipated--they're not anticipated to significantly change
t he conclusions. W' ve done EQ/6 sinulations |ooking at the
effect of sonme of these materials on the in-drift chem ca
environment and the waters are not expected to change
significantly in terns of ionic strength. Also, given that
the environment is an open system there will be sufficient
oxygen to oxidize the commtted materials and 1'Il talk nore
about the open system aspect as | nove to the next phase of
the presentation.

So, let's talk a m nute now-go ahead and go to the
next one. Let's talk for a mnute about the open system
aspect of the drift or of Yucca Mountain first. Bo and I

for that matter, in previous neetings have tal ked extensively
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about observations in the cross-drift behind cl osed

bul kheads. Bo has al so presented results of conparing radon
measur enents versus what he woul d expect to see in terns of
radon in the tunnel. W |ook at baronmetric pressure
observations from surface-based boreholes fromyears back, as
wel | as ongoi ng neasurenents of baronetric pressure
variations in the drift scale tests and other tests and you
also do air perneability tests. Al those indicate that it's
a well-connected fracture network. These are ny words, the

mount ai n breathes. All those in-situ observations are
consistent with the UZ flow nodel. And, finally, and I'm
going to talk nore about this, we are doing sonme nodeling and

al so | ooking at the natural convection tests that were done
at Atlas, and when you | ook at a closed drift segnment in
terns of what would go on inside a drift, you know, I|'ve

al ready been hamering hone that the UZ is an open system
When you | ook at gas phase flowwithin the drift itself, you
get significant mxing on fairly short tinme scales within the
drift. And, I've actually got an animation that hopefully

wi || hamrer that hone.

Next slide, just a slide that tal ks about the piece
on radon and also air flowin the drifts. This bottom
graphi c here shows the radon neasurenents versus predictions
and al so the baronetric pressure data. It's also inportant

to point out all borehol es have intra-borehole gas flow.
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We've just got a wealth of evidence that there's baronetric
punping within the systemand it's an open system at Yucca
Mount ai n.

So, what about within the drift? W've devel oped a
nodel to anal yze heat and mass transfer. |I1t's been devel oped
at full scale to look at repository scale effects or drift
scal e effects within the repository. The sinmulation that |'m
going to show you is actually going to be a quarter scale
simul ation that was used to do sone test design cal cul ations.

But, it's using a CFD code FLUENT. It's a representative 14
wast e package segnent nodel ed over 70 neters. Wen you | ook
at the prelimnary results of those calculations, there's a
significant conponent of axial transport and it's several
orders of magni tude hi gher than nol ecul ar di ffusion. You get
significant m xing expected along the drift.

Can we try to run that novie? Don't start it yet,

Deni se, okay?

CORRADI NI :  What are the boundary conditions on the
ends?

PETERS:. d osed.

CORRADI NI :  So, hernetically seal ed?

PETERS. Yeah. And, the wall is going to be closed,
too. | didn't run the simulation. So, | know you're going
to ask ne a ot of very detailed, very good questions about

how it was done and I'Il have to some extent probably say we
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can get you the answer because the Pls aren't here. But,

what you've got here is you' ve got a representative--this is
again a quarter scale calculation. These are each individual
packages--let's call them packages--along the drift. And,
what we're going to do here, the drip shields are in the
nodel. This is simlar to a calculation that's being done
for the real repository scale. This is just a representative
animation just to give you a feel for the kind of m xing that
we're expecting. |It's going to march through tine and this
is in seconds. So, it's going to introduce particles at this
end and you're going to see themevolve along the drift and
how they evolve as air flowas you mx in the drift. It's
going to run all the way out to 600 seconds or 10 m nutes.
The particles are going to change col or as they get ol der.
kay? So, you can run it to like--1 think, we tal ked 595 or
so. W're going to introduce particles here, you can see as
they actually transport along the drift. You get effects
fromthe cool er packages versus the--the hotter packages
versus the cool er packages. There is just pul ses of
particles being added periodically. | believe, it's very two

seconds at this end--every two m nutes, pardon ne, two

seconds, | think. There's also interesting effects. If you
| ook at a picture down the drift, you can see the effects of
the drip shield. You get flow under the drip shield and fl ow

over the drip shield.
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PARI ZEK: Can you point out the level to which it m ght

occur ?

PETERS: \Were the--

PARI ZEK: The drip shield top is right here.

PETERS: Ri ght about there.

PARI ZEK: Okay. No wonder it breathes, it's alive.
PETERS. And, this is for a close drift. So, you're

getting actual transport just due to the tenperature gradient

within the drift.

NELSON: Nel son, Board. When you say closed drift, that

means there's no--

SPEAKER:  Mass | oss.

PETERS: No nass | oss.

NELSON: So, no air is entering through the rock?

PETERS: Right. For this sinulation.

CRAIG Do you have any idea what the oxygen content
will be when it's above-boiling? Have you | ooked at that?

PETERS. What's the air mass fraction? Bo, are you
here? What's the air mass fraction in the drift above-
boiling for the repository? | don't recall.

BODVARSSON: (I naudi bl e) .

PETERS. Yeah, | just don't--

BODVARSSON: (I naudi bl e) .

PETERS:. Yeah.

CRAIG But, the nountain is breathing. So, oxygen



© 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

190

could be comng in fromthe outside. You're non--not in
this--

PETERS: Not in this sinulation.

CRAIG Not in this sinmulation, but in real life.

PETERS: You can freeze it. Go ahead and freeze it,
pl ease?

What | want to focus on is the fact that you're
introducing particles at this end and you can see--let's
take, for exanple, these fairly old particles. They're
spread throughout this segnent of the drift. M point is is
that you get significant mxing just within the drift not
even taking into account the fact that the rock--you're also
getting significant m xing fromthe unsaturated zone itself.

That's nmy point. | think that's inportant when you start
tal ki ng about can you sustain environnents where you, say,
distill a pore water down to where you generate very, very
acidic acids. Can you sustain those kind of environnents
locally within the drift? | would argue this is a piece of
the argunent that says no way, even if you could generate
t hem

PARI ZEK: Woul d that have happened if those were uniform
t enper at ur e packages?

CRAIG Speak into the m crophone.

PARI ZEK: The question | asked, whether or not it would

have happened if they were uniformtenperature packages?
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PETERS. Just by straight diffusion. But, the
transport--the diffusion (inaudible) scales, | wouldn't
think--it wouldn't occur to this extent because you're
getting acts of transport due to the fact that you' ve got
di fferent tenperature packages. You' d get sone diffusion
but it wouldn't be over that (inaudible) scale would be the
way |'d answer it.

So, let's try the next slide. So, let's go back to
the systemevolution, the three regions. Just to
reenphasi ze, you're got the orange area, the drift wll be
dry, you're above-boiling. There's little possibility that
you'l |l get any seepage. The surface of the netals are
expected to be dry. That's not to say that there couldn't be
del i quescence, but no seepage. You've got an open system
Convection is turbulent inside the drift. You' ve got an open
environment. Devel opment of concentrated distillation of
inorganic acids is very unlikely. Al though deliquescence is
possible, it's not expected to produce |ocalized corrosion
and the in-drift chem cal environment is expected to be
beni gn.

Next slide, noving into the transition region here
right around the boiling point, the rock above the drift is
cooling through the boiling point, noisture returns, seepage
may enter the drift. You still get a capillary effect that

diverts seepage. It's still likely to be nmuch |less than
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percol ation flux. Bo when through that extensively. The
relative humdity starts to go up and begins to approach 100
percent at the drift wall. You still have this sanme open
environnment inside the drift. Again, concentrated
distillation of inorganic acids is considered very unlikely.
Del i quescence can occur, but it not expected to produce
| ocal i zed corrosion. And, the in-drift chem cal environnent
IS expected to be benign.

Moving to | ow tenperature, I won't dwell on this, a
| ot of the same observations. The bottomline is we expect
the in-drift chem cal environnment to be benign.

Next slide--that's it.

CRAIG (Okay. Questions? GCkay. Ron?

LATANI SI ON: Lat ani si on, Board. Wen you nake the
comment in your sunmmary that deliquescence is likely to
occur, but unlikely to lead to corrosion, are you speaki ng of
unwel ded sections of netal or are you thinking of all of the

possi bl e configurations that m ght be present in the package?

PETERS: |'mspeaking at it in terns--Joe m ght answer
this differently. But, I"'mspeaking at it in terns of what
sorts of brines--what sorts of phases and brines one m ght

produce at the surface and they tend to be nitrate. You
don't tend to get chloride type deliquescence brines.
LATANI SION:  No, | understand that, but | think there is

an indication that welds and thernmally treated sections
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behave differently than--

PETERS: Right. And, I'mgoing to do just what Bo did
to me. He's going to talk about the materials degradation
pi ece. But, seriously, Ron, he's the guy to tal k about that.

|"mnot the guy to talk to about it.

LATANI SION: Ckay, fair enough. Yeah.

BULLEN: Bullen, Board. Could we go to Slide 31,
pl ease?

PETERS: Yeabh.

BULLEN: | was interested in the 55 sanples taken by the
USGS. Do you think that this is a representative sanpling of
all the dusts that are possible in the repository? | nean,
how al |l enconpassing is that?

PETERS: |It's data that we have available. Wat it is
isit's dust--and Zell will steer nme where | veer off. It's
taken fromtunnel walls. So, it includes conponents
i ntroduced construction, water use associated with
construction, and al so dust introduced through the
ventilation system W're using the sanme kinds of materials,
you know, conveyor belts. So, | would say, you know, | don't
think we're doing anything dramatically different as we
construct the--it's sonething we would be doing in the
repository. So, | have no reason to say that it wouldn't be
representative.

BULLEN: Ckay. Bullen, Board, a follow on that. Wuld
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you expect a dust conposition to change affected by the
t hermal pul se?

PETERS:. Good question. 1'd have to | ook at the--1I
mean, it's comng fromrock dust primarily. The stuff that's
comng fromrock dust, | wouldn't expect to because it's
well-within its stability range.

BULLEN: Bullen, Board. But, if |I have evaporated and
concentrated salts somewhere and now | have potentially
cal cium chl ori de and now I have noving air or convective--

PETERS: Ri ght.

BULLEN: Can | nove dust that m ght not be the sane 55
sanpl es that were taken here and--essentially, since you
showed us the nice animation, you could entrain that dust and
nmove it just about anywhere.

PETERS: Ri ght.

BULLEN: | would assune, right?

PETERS. So, you're thinking of a scenario where you
have dust sitting on the surface sonewhere at a given
tenperature, you nove it sonmewhere else where it's out of its
stability range, and it changes face?

BULLEN: It could be that or it could be made of dust
that's not the sane 55 sanples that you have here. That
woul d be a nore aggressive dust species because |'ve
concentrated it in some other formand then | nove it.

FARMVER: Actually, in regard to the deliquescence



© 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

195

measur enents, we have tried--we have done deliquescence
nmeasurenents with m xed salts, but we've also done single
conponent salts. If you'll think back about the ternary,

we' ve actually been doing deliquescence neasurenents at the
apex of that triangle which is the worst case scenario. At

| east, worst case in that we have a divalent cation that can
undergo hydrol ysis reactions.

PETERS: The other answer | would do is | would go dig
into the output that Wolery got when he did the
del i quescence or the dust |eachate calculations as a function
of tenperature because if there is any--1 would bet that
we' ve bracketed the potential phases that could occur, but |
woul d need to defer to Wol ery on that.

BULLEN: Bullen, Board. Well, ny thought process is
that you nentioned that you couldn't nake Bins 1 and 2 water,
but I could still nake the salts fromBins 1 and 2 water on
the side or on the bottomof the drift and I can nove then?

PETERS: Well, that gets back--1"mstruggling with how

you do that. You're saying they--how do they--they cone into

the drift?
BULLEN: Well, actually, can | take the waters from Bins
1 and 2 and concentrate themto make dust that woul d incl ude

cal cium chl ori de?
PETERS:. And, that's what Joe's point is is those are

part of the program W' re |ooking at those worst case
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del i quescence brines in our program He's been--

FARVER One thing we're finding--

CRAIG Joe, could you identify yourself when you speak
just to make life a little easier for the readers, please?

FARMER: Yes, sir, ny apologies. M nanme is Joe Farner.

I|"mfromLivernore Lab. So, one thing about the cal cium

chl oride dust that m ght evolve, we have | ooking at
del i quescence and corrosi on underneath those deli quescent
films. One general observation we nmake is that corrosion
underneath a cal cium chl oride deliquescent filmat very high
tenperature, 150 degrees Centigrade, close to the
del i quescent point, is not the same as aqueous phase
corrosion below the boiling point of a nuch nore dilute
cal ciumchloride solution. And, in fact, the nore dilute
solution can be nore aggressive. So, | think we also have to
be careful not to overly generalize, you know, what aqueous
solution is. W talk about deliquescent brines as if they're
your standard aqueous el ectrolyte, but there are differences
in ternms of transport, kinetics, and many other things that

go on in these solutions. Mich nore conplicated than that.

BULLEN: Bullen, Board. One |ast question and that
deals with drift degradation. | mean, there's another
opportunity for novenment of dust and that's if things fal

fromthe ceiling. [|'massumng that everything doesn't stay

in place forever. So, have you considered that during your
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eval uati on of the deposition of dust, | guess, is the
guestion?

PETERS. In terns of the kind on of conpositions that
woul d be introduced?

BULLEN. Yeah?

PETERS:. That's rock dust.

BULLEN: Bullen, Board. It's rock dust if it's not
nodi fied by the thermal pulse, right?

PETERS. Oh, we already--1 thought we went through that,
but to nme, that's rock dust.

CRAIG Dave?

DUQUETTE: Yeah. Duquette, Board. Could you go to
Slide 26, please? This was one that there was a | ot of
guestions about early-on. And, I'mjust a dunb netall urgi st
and need to understand the chem stry a little bit.

PETERS: Ckay.

DUQUETTE: Could I treat this alnost as a symetry type
situation forgetting for the tinme being the bars on the
bottomwhere initially you're starting out with a dilute
sol ution, and as you get evaporation because of increasing
tenperature when you're first enplacing all of the things,
you're increasing the concentration of the salts?

PETERS: Ri ght.

DUQUETTE: Okay. And then, as a function of tine after

sonme long period of tinme, water cones back into the vault and
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dilutes the salts again, is that correct?

FARVER: | think that's a perfect interpretation.

PETERS: Yes.

DUQUETTE: Okay. | want to understand. Now, if you go
to the next slide which is Slide 27, what that would inply is
that as--1 mean, | think of nitrate as being an inhibitor for
| ocalized corrosion in many cases. So, what that neans is
after long periods of tinme, the nitrate-chloride
concentration woul d decrease. So, your inhibitor to
aggressive ion situation would decrease as a function of
time, is that also correct? Going fromright to left now.

PETERS: Yeah, but I'mgoing to--we're going fromright
to left, right.

DUQUETTE: Yeah, yeah, because--

PETERS: You clarify as | go along if you need to. |I'm
still going to want to try to tie this--this is relatively
hi gh tenperature here.

DUQUETTE: Correct.

PETERS. You're at low RH, relatively low RH  So,
you're--

DUQUETTE: Correct. And, as | started to seep water
back into the--and | start to dilute the salts again, |I'm
going to flip the bal ance between nitrate and chloride to be
alittle bit aggressive. In ny case, we're going to nmake the

sol ution nore aggressive.
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PETERS. Right, but I'malso going to be noving down
here where I'm not as concerned about | ocalized corrosion.
That's the key point here.

DUQUETTE: No, no, | understand that, but the fact of
the matter is that we're making the assunption that your tine
base nodel s are correct and that you're not off by an order
of magni t ude.

FARVER | think that you're right on the right path and
Mark is, | think, leading us in the right direction for the
answer. It turns out that the highest tenperature where

we' re above the critical tenperature for |ocalized corrosion,

let's say, crevice corrosion, we actually have an abundance
of nitrate inhibitor. So, as you'll see in the next
presentation, we have enough nitrate inhibitor so | think

that it protects our waste package quite well.
As we |ower the tenperature in the repository and

we start having a lower nitrate to chloride ratio, |ess
i nhi bitor per a nunber of aggressive ions, we are
transitioning into the tenperature regi ne of bel ow which we
can have |l ocalized attack even in the absence of inhibitor;
let's say, pure calciumchloride.

DUQUETTE: Thank you. That's where | was heading with
that argunent. Thanks.

CORRADINI:  So, to go back to your--1 don't know which

slide it is, but to go back to how you |ink up with what Bo
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and the previous speakers--Corradini, |I'msorry.

PETERS: The great flow chart?

CORRADI NI :  Yeah. Wat is the handoff? | should have
asked it at the point. Is it a tine handoff, is it a
tenperature handoff? What exactly is the connection between
then? What is the logic in the analysis?

PETERS. Yeah, let nme get back to the slide. It will be
easi er.

CORRADI NI :  Okay. Sorry, | don't know the nunber.

PETERS: 10 or 117

CORRADINI:  It's the one with your boxes.

PETERS. Evolution--let's go back, Denise, scroll back.

CORRADINI:  It's 14.

PETERS:. Ckay, thank you. Bo tal ked about up to here.

CORRADI NI :  Ri ght.

PETERS: He's got a THC nodel for all the grid bl ocks as
a function of tinme, water conpositions within those grid
bl ocks as a function of tine.

CORRADI NI :  Un- huh.

PETERS: Those results are |ooked at in ternms of their
spatial --spatially, let's use that word, and when | talk
about crown waters, | focus in on just the waters that could
potentially seep.

CORRADI NI :  And, what is done so that that--that gets to

my question. So, you' ve explained very well the chem stry of
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what could get in and what coul d have deliquescence. How do
they get in? Wat is the assunption right nowin the
anal ysis of how they get in? Wy | ask, you keep on--

PETERS:. |It's tied back to the seepage nodel in terns of
vol ume and anount and all that.

CORRADI NI :  So, sone fraction given the tota
infiltration or flow path?

PETERS: Right, right.

CORRADI NI :  Sone fraction of that goes in?

PETERS: Ri ght.

CORRADI NI :  Ckay.

PETERS. And so, we look at it spatially first because
there could be grid blocks way over here that don't map for
our pur poses.

CORRADI NI :  So, again for analysis just so | can think
through the story, at what point is seepage disallowed in
this thinking process? Al the way through--1'"mgoing to use
your purple band over there--all the way through 1,000 years
because it's above 100 C?

PETERS. W will allow-1'"mevaluating potential waters
even if Bo says they won't seep.

CORRADINI:  Right. R ght. So, I'masking, the
connection there is when are they allowed to seep from an
anal ysis standpoint in the current thinking?

PETERS: That's probably nore his answer. \Wen are they
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all owed to seep?

BODVARSSON: Hell o, Bo Bodvarsson. The framework we are
putting together here gives all the conponents to total
system performance assessnent for their evaluation. CQur
results indicate that there will be no seepage during the
t hermal period when there is boiling at the crown of the
drift.

CORRADI NI 1 Ckay.

BODVARSSON:  So, assuming that that is probably going to
be used in TSPA perhaps with sone nodification to be a little
bit nore conservative in sonme cases because we have to
di scuss which to use in the total system performance
assessnment, but | expect it to be sone version that has

al nost zero probability for seepage during the thernma

peri od.

CORRADI NI :  So then, ny question--don't go anywhere
because | still don't understand the connection. | want to
understand the story of how the water goes. Does that

exactly occur for what's underneath so that is if there is no
water to get there, there's no water to transport the

radi oactivity away. Correct? |Is that a consistent
assunption in the current analysis? Because the thing that
was said in a sentence by you that struck me was if | can't
get the water there, | have no nmechanismto diffuse the

radi oactivity away fromthe package even if it's failed.
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Have | m sunder st ood?

PETERS: No, that's what Bo said.

CORRADI NI :  That's what | thought | heard you say.

PETERS: In his presentation?

CORRADI NI :  Yeah. Do | have that? | want to make sure
"' mcl ear.

BODVARSSON:  No, you are absolutely clear on the
following. What | say is this. |If there's no seepage into
the drift and there's no water coming into the drift and if
the waste package fails for sone reason, then the only way to
transport the waste is way of diffusion because the diffusion
does not require advection to happen. Diffusion can happen
t hrough the (inaudible) and into the rock. It is an
extrenmely slow process that takes thousands and thousands and
t housands of years. So, in a sense, you are absolutely
right. |If there's no seepage comng in, the waste is
probably going to sit there for a long, long, long tine.

CORRADI NI 1 Ckay.

BODVARSSON:  Does t hat - -

CORRADINI: I think I've got it. Thank you.

CRAIG (kay. Dave D odato?

Dl ODATO Defer to Dr. Nelson first and then I'Il go
after.

CRAIG Oh, excuse ne. Oh, go ahead, Dave. W'Ill| nake

Priscilla wait.
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NELSON: CGo ahead.

D ODATO  Onh, okay, thanks.

CRAIG You were in line first.

Dl ODATO Diodato, Staff, I'msorry. Mark, on your
Slide 32, you show the dusts that were anal yzed and, | guess,
nmy understanding is the sanme as Dr. Duquette's in terns of
the nitrate being a corrosion inhibitor, right?

PETERS: Yes.

DI ODATO So, it's pretty fortuitous that you either
have sodiumnitrate or potassiumnitrate or calciumnitrate
in every one of these sanples frominside the nountain. And,
what |'mwondering is would that al so be the case from
exogenous dusts that were saved from Forty M|l e Wash or
somewhere el se on the nountain? Do all dusts have nitrate
conmpounds in then? Is that the case?

PETERS: The dusts that we--1 don't know. Zell, we
haven't anal yzed Forty M| e Wash dust. W haven't gone out
and anal yzed Forty M|l e Wash dust? Yeah, come on up

Dl ODATO  Ceologically, I nmean, you mght be able to
intuit sonething.

PETERS:. Yeah, but that could be theoretically airborne-
-part of the airborne conponent that conmes in is the answer.

| guess, I"'ma little hung up on what you said by
fortuitously it all ends up being--

DI ODATO Well, because it's corrosion--it's there and--
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PETERS:. And, that's a good thing.

DI ODATO  Yeah, it's fortuitous.

PETERS: | don't know if it's fortuitous. That's what
the data tells us, | guess. Ckay.

PETERVAN. Zel |l Peterman, USGS. That's the other part
of the equation which we don't have a good handle on yet is
t he anmbi ent atnospheric dust at Yucca Mountain. And, | think
the thinking is that in the long-term you know, after the
repository is | oaded and hundreds of years down the road,

it's going to be that atnospheric dust that may get into the
repository. Now, here are dust collectors in Nevada.
There's one over by Red Rocks and the conposition has been
used there, but it's probably dom nated by carbonates in the
(i naudi bl e).

And, just one other comrent, Scott Tyler at DRI has
| ooked at soil conpositions and he's got a paper out and the
desert soils are amazingly high in nitrate. So, | would
expect that dust fromForty MIle Wash or any other soil in
the vicinity of Yucca Mountain to be simlar to that. Hi's
work is over in Frenchman Flat, but it's just remarkably high
in nitrate.

DI ODATO  Ckay, thanks.
CRAIG Priscilla and then Carl.
NELSON: Nel son, Board. Three fast questions. What

kind of bolts are you using?
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PETERS. |I'mnot sure exactly. | think, they're split
sets.

NELSON:  Okay.

PETERS: No grout.

NELSON: Ckay. Have you done any tests of the rock on
thermal cycling, just the rock like to see whether it spalls
and deteriorates?

PETERS. You're famliar with the plate--we've done the

plate |l oading tests, three of them in the ESF here in the

| ast year or so where we drove the rock to failure if
that's--

NELSON:  No, I--

PETERS. And, one of those was done at el evated
t enper at ur es.

NELSON: No, | just nean like an index test to identify
whet her the |ithophysal rock deteriorates on thermal and
hum dity cycling?

PETERS: At a drift scale, have we done that kind of
test? W' ve done | aboratory experinments |ooking at, you
know, strength as a function of strain rate. You're famliar
with all that stuff that the Board's been--

NELSON:  Well, 1'mnot thinking about sl aking, per se,
but sonme sense of rock material deterioration on therm
cycling.

PETERS: Well, we've got enpirical observations fromthe
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drift scale test.

NELSON:  Which really haven't been through thermal--see,
' mjust wondering about--

PETERS. They've sinply taken out--

NELSON: --and whether a thermal cycle causes
deterioration in the rock.

PETERS. Well, we've done--1 nean, | don't know what
else to say. W' ve done |ab experinents at el evated
tenperatures, cycled varying strain rates. W' ve got
enpirical observations fromthe drift scale test on what a
drift does as you heat it up and now cool it.

NELSON: Well, the drift scale test is not in the
lithophysal rock. |1'mjust looking for--1I nmean, if you put
it under stress and heat, then you're going to have a
conbi nati on of drivers.

PETERS: Ri ght.

NELSON: |'mjust wondering about thermal cycle? Wen
you take a rock, heat it up, dry it out, re-saturate it, does
it deteriorate the rock? Just curious.

PETERS. Go ahead, Bill?

BOYLE: Bill Boyle, DOE. You're testing nmy nenory. |
think we have insights into this as a result of preparing
speci nens for testing. The rocks at Yucca Muntain are
partially saturated with sone varying degree of saturation

whi ch introduces uncertainty in the results. Wat effect did
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t he saturation have on whatever property it is we were
attenpting to nmeasure. So, in many of our testing prograns
for years, we decided to test it to end-nenber states, 100
percent saturation and O percent saturation. And, the nethod
used commonly to get the O percent saturation was heating.

So, we would heat the rocks to drive out the water until we
got them bone dry, if you will, and then we would test them
And so, | know that we--and then, they would be allowed to
cool and then we would go test them for whatever property we

were interesting in, whether it was thermal conductivity or
whatever. Of the top of ny head, |I'm not aware of any gross
di fference between the results of specinens that went through
this thermal cycle versus those that didn't. There's an

obvi ous difference between saturation and non-saturation,

t hough.

NELSON: Nel son, Board. | renenber asking this question
about two of three years ago. Just sinply, does the rock
deteriorate on thermal cycling? Not associated with stress,
just thermal cycling and re-saturation. And, it seens to ne
that this is a question that could be of interest because
that's the nmechani smthat may i ndeed nake dust whether you
have a stress situation on the outside or not. It would seem
that you could evaluate this fairly easily.

PETERS: Ckay.

NELSON: So, that's why | ask it. Gkay. Finally,
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tunnels are really interesting environnments because peopl e
work in themand live in themwhile they' re under
construction. |'mwondering when you took the dust sanples
if you | ooked for any evidence of Sally's bugs?

PETERS: They neasure again a carbon in the dust. W' ve
got--they didn't do a mcrobial analysis in terns of what
ki nd of m crobes occurred in the dust, | think, is the direct
answer to your question.

NELSON: Are there any thoughts or plans to see if there
are mcrobes in the dust?

PETERS: As of right now -go ahead, Zell? Zell has
raised his hand. As he's wal king up, as you know, we've got
bugs growing in the cross-drift, and that, we've

characterized extensively. That was grow ng on, what |'|

call, introduced material s.

NELSON:  Yes.

PETERVAN. Zel |l Peterman, USGS, again. W sent three
sanples to AECL of Pinawah to the biol ogist up there and she

cultured them and they grew very nice nolds and sone sort of
penicillin type, the sane sort of thing that's growng in the
cross-drift. So, yeah, there are bacteria in the dust.

NELSON: Nel son, Board. |Is there any possibility of
havi ng such mcrobial activity involved in any of the
corrosion?

PETERS: Yes is the answer. As soon as we observed what
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ended up being penicillin in the cross-drift, the person who
we had conme down and take the sanples and to the
characterization was Joann Horn who is the PI for the MC
work at Livernore. So, that's an ongoing program and she's
brought that into her thinking as she thinks about M C.

NELSON: And, that will eventually be brought into the
story that's told about--

PETERS:. That's another part--yeah, | nean, if you
wote--you couldn't theoretically wite the coupl ed processes
as where's the Mand where's the B, where's the nechanica
and where's the biol ogical.

NELSON: No, | just--because so many people with
engineering training will first seek to understand things
physically and then chemically if they have to. The |ast

thing is biologically.

CRAIG (kay. The last question is Carl D Bella.

DI BELLA: Thank you. This is again about Slide 32,
Mar k, your dust--1 should have--

PETERS: My | shouldn't have put that one in there,
huh?

DI BELLA: | hadn't seen it before. First of all, just
et me remark in preference to nmy question. |'msort of
surprised by these extrenely, to nme, |owl ooking

del i quescence points at higher tenperatures for things like

sodiumchloride, sodiumnitrate m xtures. And, | assune that
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you cal culated this by a nodel and don't really have any
experinmental confirmation for the high tenperature results.
But, ny question really has to do wth how you nodel these
because ny recollection fromlooking at Zell's paper given at
t he H ghl ands Waste neeting was that the heated el enental
anal ysis on the dust, he didn't do a salt analysis on the
dust and | hope he comes up and confirnms or says it wong.
So, it would seemto ne for your nodeling, you would have to
sort of assunme that is dissolved in water and then evaporated
to dryness and see what sort of chem cal divide kind of
results you get and what sort of deliquescence cones out of
that. But, that's not exactly what's going to happen. If
you get deliquescence, it's going to depend on the salts that
are there already. They're already dry in the dust.

PETERS: Ri ght.

DI BELLA: And, the things that deliquesce first are
going to be your |owest deliquescence point salts which are
going to be magnesiumchlorides if there are nmagnesi um
chlorides present. | know magnesiumthere, | know chlorine
is there. | don't knowif it's there as magnesi um chl ori de.

So are early calciumchloride or m xtures of the same. So,
can you answer ny quest--well, my question is this. D d Zel
anal yze the salts or did he just analyze the el enental
conposition of the dust?

PETERS. You don't need to wal k up. You just analyzed
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the el enmental conpensation of the dust?

PETERVAN. W did bot h.

PETERS. GCkay. |'Ill repeat what he says.

PETERMAN: (| naudi bl e).

PETERS: Ckay. He |ooked at both the insoluble and
soluble fraction, but in terns of the phase--I think, in a
way, Carl, | know what you're saying. You' re saying the
phases that occur in the dust and how that goes through the
del i quescence process. Yet, you answer the question the way
it was nodel ed as best | can tell. You take the conposition,
it's got these conmponents, and you put it through EQ/6. You
don't assune certain phases to start with. You put that

conpositional space through EQ3/6 and it evolves to that.

DI BELLA: Right.

PETERS. So, is it mechanistically the sanme as what
you'd expect? No. Is it telling you the sane chem stry? |
don't see why not.

DI BELLA: If you have a dry salt, what's going to
del i quesce first is going to be the | owest deliquescent point
material as you cone down from any thermal peak.

PETERS:. That's a good point. And, there may be details
within the nodel that I'mjust not prepared to speak to.

CRAIG Ckay. Tinme to hold that one until coffee break
or sonmething or later on. WMark, thank you very, very nuch

Joe Farnmer has appeared so often here that I'monly
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going to say wel cone, Joe, and I'Il give you a bell when
you' ve got 10 m nutes to go. How many total mnutes? Total
mnutes is 50, | think. Yeah, 50.

FARVER Well, during this part of the presentation, |I'm
going to concentrate on telling you about the--

CRAIG The m crophone is not working, Joe.

SPEAKER: Maybe it's not turned on, Joe.

FARVER:  Can you hear me now?

SPEAKER:  No.

CRAIG Ckay, it took a while to activate. Ckay.

FARVER: At any rate, in this part of the presentation,
| would like to tell you about what we know in regard to
materials performance. And, nore inportantly, and unlike
per haps sonme of our earlier presentations to you, | would
i ke to cast what we know about materials performance in
regard to our integrated strategy. And, as Bill told you
this nmorning and then foll owed up by both Bo and Mark's
presentations, we have worked very hard since the |ast Board
presentation to try to pull together an integrated story.
And, this is very crucial for the materials strategy because,
obvi ously, as we discussed at the | ast Board neeting, given a
sufficiently aggressive environnent, you can destroy
virtually any engineered material. So, it's very inportant
that we have a realistic idea of what our environnments are.

As Mark and Bo have both told you, we can subdivide
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the operation of the repository into three general
tenperature reginmes. There is the dry-out region which is a
relatively high tenperature region and generically |I woul d--
based on Bo's presentation, | would characterize the dry-out
region as that region |line above the boiling point in the
repository. And, we have very specific sets of mechanisns
that are operable in regard to materials degradation in the
dry-out region. W heat-up through the dry-out regi on and
t hen we cool down through the dry-out region. During the
initial phase of operation of the repository, we have two
mechani snms drying out the walls of the drifts. W have the
ventilation which will dry the drift walls even w thout the
presence of heat. W have radioactive decay. The
radi oactive decay will tend to further dry-out the drift
wall. Once we reach a peak tenperature and the waste
packages being to cool, we eventually pass through the
del i quescence point. And, now, as you see from Mark's
presentation, as we pass through that deliquescence point, we
can use those evaporative concentration curves and use RH as
a | ook-up parameter and now go in and actually assess the
| ocal environments on the waste package surface. So, we pass
first through the deliquescence region and that deliquescence
actually occurs in the dry-out region of operation.
Eventual |y, we reach a point where we cool bel ow

the boiling point. As we saw from Bo's presentation, as we
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cool below the boiling point, we have the possibility of
seepage brine entering the drifts. Now, we don't believe
that's a very large probability or that there's going to be
much seepage, but it is possible. So, at this particular
point, we have to start taking into account actual aqueous
phase corrosion. And, | will differentiate that fromthe
del i quescence type corrosion because, frankly, the
performance of the material that we observe in deliquescent
bri ne versus aqueous electrolyte is very different.

We continue to cool the waste package surface, and
at this particular point--and as we present the poster, we
haven't really commtted. W're not telling you if the
t hreshol d tenperature for |ocalized corrosion overlaps with
the dry-out or if it's in the transition zone or perhaps
slightly below. But, at some point, we eventually pass
t hrough the threshold tenperature for |ocalized corrosion,
crevice corrosion nost probably in regard to the performance
of Alloy 22. And, below that threshold tenperature, frankly,
it doesn't matter what the water chem stry is because at that
particular point intime, if we establish the critical
tenperature for localized corrosion in a worst case brine,
such as calciumchloride, we realize that at any tenperature
bel ow that threshold, the waste package material will protect
us against that water chem stries of that nature or perhaps

| ess aggressive. So, at that point, we becone relatively
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insensitive to water chem stry. So, as we | ook at collecting
data, nodeling the waste package, and assessing the
performance of the overall system we try to cast it in
regard to these three tenperature regions of operation; dry-
out, the transition zone, and this blue region on the poster
where we actually have protection by Alloy 22 even in worst
case conditions.

So, Denise, if | could have the next slide? This,
frankly, summarizes the general attributes of the repository

as we understand it. W believe now that the waste package

is protected by different nmechanisnms in the three tenperature
regimes as | just discussed in regard to the poster. | think
nost inportantly, as we |look at this very carefully, | think

we also realize that the dry-out region provides an

additional barrier for the waste and additional protection
for the waste package material. So, frankly, as we | ook at
this, we actually see a very beneficial effect of having this
hi gh tenperature zone of operation. Recalling sone of the

hi storical rationale behind having the high tenperature node
of operation, this was one of the initial views by the

t her nohydr ol ogi sts who pronoted the high tenperature node.

We al so believe that the project's overall strategy is

consi stent with conceptual nodels being devel oped by ot her
experts in the field. |In particular, a presentation recently

gi ven by Professor Payer from Case Western received, | think
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very high marks at the AC&W neeti ng.

So, in the next slide, 1'd like to borrow from
Joe's presentation. Joe represents a different netallurgical
conditions by these ellipses, and frankly, nmy chart is not
quite as good as Joe's. So, | wll show you Joe's next.
But, | think it's a very nice convention. He, in essence,
gauges the cl oseness of an environnent to cause corrosi on by
t he cl oseness of these ellipses. This ellipse represents a
range of netallurgical conditions that m ght allow a materi al

to be susceptible to growhs of attack and the environnent
el lipses represent a range of environnental conditions that
m ght actually cause corrosion of waste package materi al
And, the cl oseness of these two ellipses, in essence, is a
gauge of how cl ose you are to having attack. So, as we try
to apply this general graphical convention to the strategy
that we've laid out to the poster, we believe that during the
ventilation and initial heat-up, we have essentially dry
conditions and there's very little corrosion of the waste
package materi al

As we enter the very hot regions of dry-out, we
believe that we've pushed the conditions that cause corrosion
further away fromthe netallurgical condition for corrosion
and have any | ess chance for attack. The primary regions
that we're worried about are as we pass during cool -down

bel ow 150 degrees Centi grade which corresponds to the
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del i quescence point of calciumchloride or perhaps the
boi li ng point because here we can have the exi stence of
aqueous phases on the waste package surface and the
possibility for a |ocalized attack.

Next slide, please, Denise? So, in this particular
slide, | just wanted for accuracy to show you Professor
Payer's original rendition. | may have altered the
interpretation slightly, but this is certainly what we have
gotten out of his graphical representation, and frankly, it
was very helpful for us in ternms of trying to integrate our
strategy over the | ast few nonths.

Next slide? As we've said at previous neetings and

some points are worth maki ng again and again, we have

actually picked a very, very good material. | think as I
speak to you today, | would |like to point out that our
materials selection has, indeed, been reviewed by many

i nternational panels. And, through all these reviews, people
have recomended, of course, that we collect nore data,
per haps that we do neasurenments in a different way, but no
one has really recommended a better material. And, frankly,
the reason for this is we've picked an incredibly robust
engi neering material .

Next slide? As we have fornul ated our nodels,
we've tried to forrmul ate predictive nodels that could use

paranmeters that are easily neasured in the |laboratory. It's
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very easy to fornmulate a theoretical nodel where the
paranmeters are so difficult to neasure that the nodel is
virtually worthl ess.

So, as we fornul ated our nodel for |ocalized
corrosion, we decided to quantify the propensity for
| ocalized attack in terns of the Delta E value. This is the
potential difference between the open circuit corrosion
potential, that equilibriumpotential that the netal surface
tends to reside at unperturbed, and the potential where the
passive film breaks down.

As we | ook at different types of materials that we
m ght use for construction of a waste package and, in
particul ar, |ooking at the 300 Series stainless steels and
t he ni ckel -based all oys that we've considered in this
program a general rule of thunb is we observed that as we
i ncreased the overall concentration of chrone, nolybdenum
and tungsten in these alloys, we tend to push the threshold
potential which can be quantified either as the breakdown
potential of the passive filmor the potential at which that
depassi vat ed surface repassivates. W tend to push that
Delta E value to higher and higher |levels. And, of course,
al so make the point that there are materials out there that
have a higher threshold potential for breaking down the
passive film for exanple, the titaniumalloys such as we're

using for construction of the drip shield. Frankly, the
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reason that the titaniummaterial wasn't used for
construction of a waste package is this opens up a whol e new
can of worns. The nickel-based alloys are not nearly as
susceptible to hydrogen enbrittlenent as is the titanium
based alloys. It turns out that if you get into the
literature, you find that there's a | ot nore known and
publ i shed about a nechani sm such as stress corrosion cracking
than there is o fa hydrogen enbrittlenent of titaniumall oys.
And, from some of our early neasurenents, we al so understood
that there was a | ot of hydrogen absorption in titanium
crevices. So, we felt that overall the selection of these

ni ckel -based alloys with |lots of chrone, nolybdenum and
tungsten to push the breakdown potential of the high val ues
was a prudent choi ce.

Next slide? Here are sone real data collected a
whi l e back, but still quite relevant. This shows the
breakdown of the passive filmof 316L, one of our earlier
candi dates for the waste package in sinulated saturated
water. And, as you'll see later in this presentation, this
SSWel ectrolyte at the boiling point is, in fact, a realistic
environnment to do testing in. So, you can see that in the

particul ar case of this material, you have breakdown of the

passive film pit initiation, very open to the open circuit
corrosion potential. So, clearly, with a material like this,
alittle bit of gamma radiolysis and other effects could push
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you over the edge, so to speak. So, this is why we didn't
choose the 316.

Next slide? |If we take Alloy 22 and this very
concentrated brine solution at 120 degrees Centigrade which
turns out to be the boiling point of this near saturation
salts solution, we see that we have to push the potential to
a very high level and, actually, we never break down the
passive film W begin to evolve oxygen on the surface of
the material, but we never break down the passive film
because we have, as you can see, this negative going
hysteresis | oop as we reverse the potential scan. So, in
this realistic repository water, SSW we have a very good
resi stance to |l ocalized attack.

Yes?

CORRADI NI :  Can you wal k us through the arrows for the
uninitiated?

FARVER: Sure. Normally, in these potentiodynamc
tests, one begins at the open circuit corrosion potential and
the test that we have done historically, we normally let a
sanple sit in the solution for perhaps 24 hours. Then, we
initiate a potential scan that scans are sufficiently slow so
t hat nost people practicing the art believe that at any
particul ar potential |level, you ve achieved equilibrium
Norrmal |y, you're operating at perhaps tenths of a mllivolt

per second, very slow scan rates. And so, one of these
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curves takes, frankly, quite a long tine to generate.

As you ranp the potential in the anodic direction,
you eventually reach a | evel where a nunber of things can
happen. One thing that can happen, of course, is that you
can break down the passive filmand getting anodic
di ssolution of the underlying netal surface. And, of course,
that's a very undesirable effect. Another thing that can
occur, as in this particular case, is one can start to evol ve
oxygen on this anode surface which is what you're observing
here and then you eventually reach a very high level, here
1.2 volts. This is just about the thernodynam c viscous of
wat er and you can reverse the potential scan. |If | have
br oken down the passive filmduring this forward goi ng
potential scan, | would observe a positive hysteresis |oop
because I will be passing much nore current on the way down
than | observed on the way up. However, is there no
breakdown at the passive film | see what is generally a
negati ve going hysteresis | oop as we observe here.

And, | mght also point out, we don't just rely on
t hese potentiodynam ¢ curves because, as many of the
corrosion sciences wll tell you, many people regard readi ng
pol ari zati on data al one very nuch like reading tea | eaves.
So, we certainly don't do this. Every curve that we coll ect
is collected by, in this, traceable standards. W gave these

all catalogued. They're in the project's database, and goi ng
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with this, we also have archival sanples, for exanple. |If
you cone to Livernore, we can actually show you DEA 033. W
can al so show you all the macro photographs to go with that,
SEM and other data to conplinment this.

So, the point being Alloy 22, frankly, is a very
good material selection.

Next slide? Now, today, |I'mgoing to concentrate
on telling you about the neasurenents of corrosion breakdown
and repassivation potential as we use those neasurenents to
understand these three tenperature regimes and the resistance
of the waste package degradation especially in the transition
regi on and the cool -down region. But, as | discuss these
nmeasurenents with you, | think it's inportant to realize that
this is not the whole story. For exanple, just a few m nutes
ago, we were discussing mcrobial gromh and the inpacts of
m crobial growmh. W've had a m crobial corrosion program at
Li vernmore for alnost a decade now and, frankly, it's probably
one of the two best mcrobial corrosion prograns in the
United States, the Arny having the other one. So, we're very
proud of the work that Joann Horn is doing and we have, in
fact, assessed the corrosion performance of Alloy 22 in many
of our waste package materials in a variety of mcrobial
solutions. W normally run these against sterile standards
to make sure that we have a good basis of conparison. But,

today, |'mgoing to concentrate on sharing with you sone of
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our neasurenents of corrosion breakdown and repassivation as
it pertains to the expected waste package surface
envi ronment .

Next slide, please? As we've told you before, we
have a nunber of tests systens at the project's corrosion
| aboratories in Livernore. W have |long-termcorrosion test
tanks. These have processed now over 15,000 sanples, all of
this traceable. Contrary to what's been said in sone past
nmeeti ngs, these environnents as you saw from Mark's
presentation are, in fact, relevant. These are all brines
that formin the bicarbonate region of the ternary. So, we
woul d characterize these as being representative brines. W
al so quantify stress corrosion cracking and use banks of

traceabl e potentiostats that do these neasurenents of

br eakdown potenti al .

Next slide, please? As | walk you through ny
presentation, first, | would like to discuss with you the
formati on of deliquescent brines and the types of degradation

of the waste package material that we' ve seen in these
del i quescent bri nes.

Next slide, please? As Mark showed you, as we do
t he del i quescent studies either |ooking at the process of
del i quescence fromdifferent types of salt deposits or as we
| ook at the degradation of the waste package materials

underneath those del i quescent brines, we use the
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envi ronmental thernogravinetric analyzer built by Geg
Gdowski at Livernore. And, Geg has done a very nice job of
buil ding this apparatus. It enables us to be sensitive to
wei ght changes as small as tenths of mcrograns. So, this is
a very high sensitivity TGA even by TGA standards. And, it
allows us to operate up to tenperatures of 150 degrees
Centigrade which is particularly inportant in assessing the
del i quescence of the cal ciumchloride brines.

Next slide? Here are sonme data taken fromthe TGA
We' ve shown you other data like this in the past, but you
see the initial absorption of water. The initial absorption
of water in the deliquescence process is followed by the
thermal disproportionation of that deliquescent brine with
the Iiberation of, in this particular case, hydrogen-chloride
and eventually we reach a nice stable reginme and the | aser
has died. But, we eventually reach this nice stable region
where we have no further deliquescence and al so no additional
corrosion or attack of the waste package surface. So, we
have very good quantification on the processes that occur
during the deliquescence.

Next slide, please? Here, you see panels that the
header reads tenperatures above 110 degrees Centi grade.
We're actually tying this into the dry-out region of the
poster. But, the tenperature at which these data were

collected, it was 150 degrees Centigrade, just about the
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maxi mum t enperature that you woul d be concerned about wth
the calciumchloride salt. Geg intentionally coated the
sanples with dry calciumchloride salt. W exposed these to
different humdities until we get the formation of a
del i quescence brine. And, in essence, the take-away point
fromthis particular slide is that wwth the | esser materials,
such as Alloy 825 and All oy 825 was one of our early
candi dates, we do, in fact, see a |localized attack in these
del i quescent type solutions. However, if you |look at All oy
6--1 shouldn't say--1 started to say the trade nane. But, if
you | ook at Alloy 22, you see that it has very, very good
corrosion resistance underneath these deliquescent brines.
These white spots that you see are actually the cal cium
hydr oxy-chl oride that Mark nmentioned to you before. W' ve
determ ned that through a nunber of analyses including a
Raman and el emental anal ysi s.

Next slide? And, here are sone SEM anal yses, | ust
a repeat of one that Mark showed you show ng that we have
actually gone in and i maged these white deposits to make sure
that they are white deposits and not corrosion products and
that is, indeed, the case.

Next slide, please?

LATANI SION:  Joe, what was the--
FARMER: Sure, Ron?

LATANI SI ON: Lat ani sion, Board. Just out of curiosity,
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what was the tine--the I ength of duration of the tests in the
previ ous- -

FARVER: Mst of Greg's experinents range from sever al
weeks, typically three weeks to several nonths. That m ght
be a couple or three nonths. And, in this particul ar panel,
| would have to | ook back at the database to be certain, but
| think that was sonething on the order of a nonth that
just showed you.

So, again, | think the take-away point in regard to
t he del i quescent brine story and corrosion of a waste package
is that if you' re up in this dry-out region, you can have the
formati on of deliquescent brines, but fromstudies like this,
we know t hat those deliquescent brines are not going to have
any significant inpact on the corrosion of the waste package.
So, | think that's the inportant point that we're trying to
make with the deliquescent brine studies.

LATANI SI ON:  Lat ani si on, Board.

FARMER:  Yes?

LATANI SION:  May | ask ny question agai n about whet her
wel ds make a difference in this discussion?

FARVER:  Wel ds probably do nmake a slight difference. W
are | ooking at age sanples. You' ve been there to Livernore,
| know, and we have the long-termthermal aging facility.

So, we can sinulate welds by doing extrene thernmal aging or

we can actually nmeasure welds directly. And, studies like
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t hat have been done. | think my recollection is that the
results are simlar, but what I will dois | will get sone of
the weld data for you. | should have brought that, but
didn"t. | wll get that data to you

Next slide? So, now, I'd |like to nove fromthe
topi c of deliquescent brine formation that's relevant to the
dry-out region of the poster and nowl'd like to tell you a
little bit about the types of processes that occur as we cool
t he waste package down to the boiling point with the
possibility of brine seepage into the drifts. So, as we have
the possibility of brine seepage into the drifts, it's
important for us to understand the aqueous surface
envi ronment that could occur on the waste package surface.
This gets into a lot of the cal culations using EQ/6 and the
EBS surface chem stry nodel that Mark shared with you. So, |
woul d say unli ke perhaps a year ago, we now have a nodel that
allows us to assess with sone degree of certainty what these
wast e package surface environnents are likely to be.

Next slide, please? This is show ng you again
sonmet hing that you saw in Mark's presentation, but the
primary point of repeating this is | just want to nmake the
poi nt that these are observed waters. Sonme of themfall in
the three phase fields; calciumchloride type brines, sulfate
type brines, and bicarbonate type brines. But, the inportant

point, a brine that starts anywhere in this ternary wll
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eventual ly evolve to one of the corners. And, if you'l
notice the yell ow datapoints, our test solutions, are very
close to the corners in this triangular chart. So, our test
waters that we've used over the years to evaluate the various
wast e package materials are, in fact, bounding. So, this is,
as Mark said before, the take-away point.

Next slide, please? This shows probabilities of
occurrence of different types of evolved brines in the

repository. And, of course, over the |ast year, the project

has spent a considerable effort evaluating the cal ci um
chloride type scenario. Now, it's very inportant to
understand this because, clearly, 1 percent of our waste
packages failing is still unacceptable to us. You know,

we're striving for very high standards. But, the inportant
point to note is the two brines that would be closest to a
pure cal cium chl ori de have al nbost no probability for
occurring. This third calciumchloride type brine has a very
significant nitrate level init. In some of the slides that
will follow, you'll see that we have enough nitrate in these
solutions so that we don't expect the corrosion--the
| ocalized corrosion to be particularly problematic, perhaps
with the exception of the welds and we're taking steps to
make a better | ook at that.

Next slide, please? W have actually gone in and

we' ve cal cul ated for various of these water conpositions,
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both the chloride-nitrate ratio, and as you'll see in the
following slide, the nitrate-chloride ratio. Bins 1, 2, 3,
and 4 are the four Bin water conpositions that fall in that
calciumchloride regine neaning that if you apply this sort
of very sinplistic theory that you woul d expect those perhaps
to evolve to a pure calciumchloride type brine. Now, the

i mportant thing about |ooking at Bins 1, 2, 3, and 4 and as
you | ook at the nitrate-chloride ratio, you see, in essence,
there's quite a lot of nitrate there.

Next slide, please? And, as Professor Duquette
points out, it's nmuch nore appropriate to actually | ook at
the ratio of the nitrate ion to the chloride because it's a
measure of how much inhibitor you have present. So, as we do
this, we see that nost of these are clustered around a
nitrate-chloride ratio of about 0.1. W're very happy to
informyou that nost of the tests that the project has done
are also centered around this red |line; the point being that
we are testing in representative test waters. W're testing
in solutions that have chloride-nitrate ratios or nitrate-
chloride ratios, if you prefer, that are representative of
these Bin waters and al so waters that we observe at the
nmountain. These are sone pore waters for the Paintbrush. |
have sone slides in the backup that--1 put these on here,
nore or less, as a reference point, but if you plot the

waters for the Topopah, you see some nore results.
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Representative waters, Bin waters, they all have this simlar
chloride-nitrate ratio.

Next slide? So now having some know edge of what
our surface environnments are realistically--and again getting
back to the last neeting--there is a difference between
what's possi ble and what's plausible. But, |ooking at
pl ausi bl e waters and neasuring these potentials, | think we
can start to have an accurate idea of how well the waste
package can performin sone of these scenarios. And, again,

t hese neasurenents pertain to the types of processes that can
begin to occur in this transition region as we cool the waste
package tenperature down into this blue region. The
performance is pretty nmuch insensitive to any water chem stry
because it's good in all.

Next slide? So, the objective of these cyclic
pol ari zati on studi es, potentiodynamc tests, are to quantify
the threshold for |ocalized corrosion in agqueous sol utions
that are representative of bounding--and | enphasize
boundi ng- - del i quescent brines and evaporated seepage waters.
And, these are the very types of waters that Mark just
di scussed with you. So, frankly, thanks a lot to the fol ks
at BSC and sone of the other labs. | do think we're starting
to get a very good hold on what these environnments really
are. W've tested at near-saturation, 18 nolar chloride, and

we have again tested primarily at two nitrate-chloride
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rati os, though we have sone data at other |evels. But, the
two that we worked primarily are O and 0.1, pure cal cium
chloride and calciumchloride with this level of nitrate
inhibitor. And, we've nade these neasurenents at
tenperatures as high as 160 degrees Centigrade. W' ve used
two types of sanples. The bare waste package surface in
uncrevi ced regi ons woul d be best represented by the standard
types of discs that are used in ASTM neasurenents of cyclic
pol ari zati on, whereas we use a special nmultiple crevice
assenbly sanple to mmc the effects of crevice corrosion
that one m ght have at contact points; for exanple, where the
wast e package is sitting on the pallet.

Next slide? This shows one of our thernostatic
potentiostats that is used to collect this polarization data
and again we've |inked our nodel to these potential
measurenents. It's a very good neasurenent and, frankly, a
very good basis for a nodel. You can see that the reference
el ectrodes are water cooled to nmake sure that they are giving
us accurate measurenments of potential if these heat up, if
one runs into a problemas sone investigators at other places
have found. And, we also have a condenser on the head of our
kettle where we do these corrosion tests. And, this
condenser is particularly inportant because any volatilized
or disproportionated mneral gas that m ght cone off would be

recondensed and fall back into our pot where we're doing the
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corrosion test.

Next slide? This shows the nmultiple crevice
assenbly sanple that's been used to determ ne many of our
repassivation potential. The beauty of the nultiple crevice
assenbly sanple is that this scall oped crevice form ng washer
actually fornms many, many crevices around this lollipop
shaped sanple. So, by form ng these nultiple crevices, we
actually formthese occluded geonetries that can give rise to
the types of hydrolysis reactions and the | owering of pH
al luded to by the panel a few nonents ago. So, the
nmeasur enents of breakdown potential and repassivation
potential that we're neasuring in many cases are, in fact,
representative of crevice surfaces.

Next slide, cyclic polarization. There are

mul ti pl e ways for determ ning the breakdown potential or the
t hreshol d potential for localized attack. |If you | ook
through the scientific literature, you find that different

sciences, different investigators, different institutes use
di fferent nethodologies. So, in striving to please as many
peopl e as we possibly can, we've decided to actually eval uate
our data by all three nmethodol ogies. For exanple, Method A,
we neasure the actual potential where we start to see
breakdown of the passive film at |least, in those cases where
this potential can be identified. And, in this particular

case, we look at--as we start seeing these anodic excursions
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in current density, we pick off the potential where the
current density has risen to about 20 m croanp per square
centinmeter. And, fromour experience, we know that that's
clearly in a reginme where if we have had a breakdown of the
passive film that is a fairly good neasure of that breakdown
potential. Method B and Method C are both nethods for
determ ning the repassivation potential. And, it's alittle
bit of a chicken and an egg story. Until you have breakdown
of the passive film it's physically inpossible to neasure
repassi vation because first you have to have breakdown and
then you're going to have repassivation.

| f you have had breakdown of the passive film you
have two net hodol ogi es for determ ning the repassivation
potential for the surface. One is what is referred to as an
ERL net hod and another is an ERP nethod. ERL, in essence,
makes the fairly good assunption that the passive current
density is around 1 mcroanp per square centineter and this
is very simlar to what the NRC s Sout hwest Research Center
does except in their particular case they nmake the assunption
that this threshold is about 2 m croanps per square
centinmeter. So, we draw a horizontal |ine across our
pol ari zati on curve about 1 m croanp per square centineter and
we see--we pick off the potential at which the negative going
hysteresis |l oop intersects that threshold and that then gives

us the repassivation potential. A second nethodol ogy which,
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frankly, probably has a better founding in physics is
actually the intersection point between the forward going
scan and the negative going hysteresis |oop. And, by picking
off this crossover point, we actually pick off a point as we
scan the potential of the surface and the negative direction.
We pick off a potential that corresponds to a current
density that we know is characteristic of a current density
for a passivated surface. So, this is a fairly good
i ndi cation during the negative going scan that this is, in
fact, a repassivated surface. But, again, for our data, we
use all three.

Next slide, please? As | nove into the sunmary of

the data of all the calciumchloride and cal ci um chl ori de

with nitrate data, I would like to show you actually sone of
the pol arization curves because, quite frankly, | think this
gi ves you a nuch better feel especially for those of you who

are experts as to how these surfaces actually behave in these
cal cium chl ori de sol utions.

So here, as you see, 45 degrees Centigrade, a very
concentrated 10 nolar chloride solution, a nultiple crevice
assenbly sanmple. So it is, in fact, crevice. W begin at
the corrosion potential. W scan the potential in the anodic
region. We go all the way up to 1.2 volts and this is the
poi nt when we began to el ectrolyze our solution. So, the

reason we don't go higher is we're not limted by the



© 00 N oo o B~ w N P

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

236

material, we're limted by the electrolyte. So, at this
particul ar point, we have potential reversal. And, one thing
"' m finding about getting older is ny hands were steadier a
few years back. But, |I'mnot nervous; |'mjust having poor
nmotor control. But, at any rate, as you reverse the
potential scan and go in the negative direction, you can see
that the hysteresis loop here is actually a little bit bel ow
what it was in the forward going scan. |If we had breakdown
of the passive film clearly, we'd have a positive going
hysteresis |loop. That's not the case here. So, at 45
degrees C, there is no breakdown of the passive film Now,
this has sonme conplications for the person gathering the data
because, for exanple, if your boss tells you to go out and
neasure the repassivation potential at 45 degrees Centigrade
or you're fired, well, you better start |ooking for a job
because there is no repassivation potential here. So, a
very, very good neasurenent.

Next slide, please? GCkay. As we go up in
tenperature, again we've got 10 nolar chloride, a nultiple
crevice assenbly sanple, 90 degree Centigrade. W see that
we do in this case have breakdown of the passive film W
start at the open circuit corrosion potential, we scan in the
anodic direction, and we do, in fact, get breakdown of the
passive filmat this particular point. So, we can apply

Met hod A and determ ne the breakdown potential here. Then,
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we continue to scan up to sone reversal potential then you
can here during the negative point scan we do, in fact, have
this characteristic positive hysteresis loop that is
i ndicative of a depassivated surface. Now, at this
particul ar point, we have crossover between the hysteresis
| oop and the forward going potential scan. So, at that
poi nt, we have a current density on the surface that
corresponds to the current density of a--if we can go back a
couple slides--1 thought I was doing better with the
presentation than this. Back a few slides, Denise, thanks.
One nore. This is good, thanks. Up one. Slide 29, there we
go. So, we see that at this particular point, we have a
current density that corresponds to a fully passivated
surface. There are two nethods again for determning the
repassivation potential. One are these constant thresholds
where we woul d | ook at the intersection of the hysteresis
| oop at about this 1 mcroanp per square centineter |evel, or
if you prefer, the NRC value of 2 mcroanp per square
centinmeter or the crossover point. The point being you can
see that both of those potentials are quite close. The
reason they're close is because peopl e who accept those
t hreshol ds and vari ous standards have a weal th of experience
to draw upon

Next slide, please? Here, additional data. This

is at a very high tenperature, 120 degrees Centi grade.
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Clearly, we're up in this upper region of the transition
regi on described to you by Mark. 10 nol ar chloride, very
hi gh chloride level, you can still see that there's a very

good margi n between the corrosion potential and the

repassivation potential. So, we have no |ocalized attack
her e.

Next slide, please? And, | mght also point out
those slides that | just showed you are with no nitrate

i nhi bitor present. As we've discussed earlier today, the
presence of nitrate is a very inportant feature. So, if we

| ook at the 24 hour corrosion potential and these
repassivation potentials determ ned by the crossover nethod
or Method C, | believe, we see that we have a pretty good gap
between the two. Qur Delta E value is significant. And,

just based on these corrosion values and these repassivation
potentials, we would expect to |ocalized attack. Wat | have
done is | have drawn a green box--and |I'l|l show you on a
subsequent slide. W now have open circuit corrosion data
for these sanples after one and a half years and siml ar

el ectrolytes. So, indeed, in this particular case, you do
get sone ennobl ement, but it doesn't go any higher than this
after the one and a half years, as you'll see in the next
slide. But, this green box does represent the open circuit
corrosion potential and the type of nobility that can devel op

with these sanples after one and a half years. So, if | were



© 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

239

going to do an analysis here, | would |ook at the crossover
between this red curve and this curve to determ ne at what
point I mght start having |localized corrosion of the Al oy
22 in this pure calciumchloride environment. Here, you see
that this corresponds roughly to about 90 degrees Centi grade.
Now, there are some other points there, but | think,

frankly, given enough data, | would probably do that at or
about 90 degrees Centi grade.

Next slide, please? These are actually the open

circuit corrosion data collected for one and a half years at
120 degrees C and 10 nolar chloride. So, you can see that

the open circuit corrosion potential does conme up. |If

there's ennoblenent, it cones up and hits a very constant

val ue at around -150 mllivolts versus (inaudible) electrode.
So, you have a fairly constant corrosion potential there to
conpare agai nst which, frankly, is good news because it's a

very stable value. You know, it isn't continuing to

(it naudi ble) for eternity. GCkay?

Next slide? So, now !l would like to turn your
attention away fromthe pure cal ciumchloride environnments
which, quite frankly, are so harsh, they are unrealistic.
woul d now Ii ke to concentrate on show ng you sone data that
have nitrate inhibitor present at appropriate levels. That
is anitrate to chloride ratio of about 0.1. So, here, you

see data for a 5 nmolar calciumchloride solution with a .1
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nitrate to chloride ratio at 90 degrees Centigrade. So,
you're kind of right at the lower end of this transition
zone. And, you can see in this particular case, there's a
very | arge separation between the open circuit corrosion
potential and the repassivation potential for a crevice
sanple with these severe occluded geonetries. So, we have a
vol tage margin of about 600 mllivolts. Cearly, this is
enough for protection at 90 degrees Centi grade.

Next slide, please? W have simlar nmeasurenents,
but we're going up in tenperature. Here, you can see that
we're 130 degrees Centigrade. The cal ciumchloride solution
at this particular point has the consistency of maple syrup.

It's about 14 nolar chloride again with a nitrate to
chloride ratio of about .1 which we believe to be
representative. And, you can see that we have a very good
mar gi n between the open circuit corrosion potential and the
repassivation potential. So, again, | think nost experts in
the field looking at this data would conclude that this is a
pretty good margi n agai nst |ocalized attack.

Next slide, please? W' ve applied Methods A, B,
and Cto all of our data in all scenarios, but | didn't want
to just show you all the charts today given the limtation of
time. So, | showed you here basically the breakdown
potential determ ned by the E20 nethod. That's | ooking,

during the anodic going scan, the intersection of the current
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excursion with the 20 m croanp per square centineter
threshold. And, you can see that based on the breakdown
potential which, frankly, is probably the truest neasure of
where the passive filmbreaks down, you have quite a | arge
mar gi n between the corrosion potential neasured after 24
hours and the breakdown potential. The green box represents
the open circuit corrosion potential of an unwel ded base
sanpl e after about one year, | believe. | think close to 13
nmont hs, but about one year. And, here, you can see that very
clearly, even |l ooking at a corrosion potential as high as
this, you still have margin at the boiling point when we
woul d start seeing seepage cone into the repository. Now, if
we | ook at simlar nmeasurenents for wel ded sanples, we can
see that the ennoblenment with the wel ded sanpl es- - perhaps

because of the precipitation (inaudible) phase--we do get a

hi gher open circuit corrosion potential. So, you m ght say,
wel |, perhaps there's a possibility of attack in the weld
region of slightly below that boiling point. But, we're

working on it to get additional data in this particular
region. And, one nore inportant point, as we | ook at this,
think we have to keep in mnd that this represents, at best,
somewhere between 0 and 1 percent of the possible water
conpositions. So, we're really--we're way out on the tail of
the distribution in ternms of water chem stry when we're doing

t hese quantifications.
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LATANI SI ON:  Lat ani sion, one thing before you nove on.
In this case, you are plotting the breakdown potential not
t he repassivation potential. |Is that correct?

FARVER: No, actually the previous slide was breakdown.

Here, it's repassivation.

LATANI SION: Okay. This tinme you' re doi ng--okay.

FARVER: W have three nethods. | showed you one
representative curve for each nethod. The first one | showed
you for the pure calciumchloride was Method C where we have
a crossover point. W then show you the breakdown potenti al
in Slide 35, the previous chart, and here, we are actually
showi ng you--yeah, see, breakdown potential, the next slide,
repassi vation.

LATANI SION: Joe, just for--again, on curiosity, how
different in this case is the repassivation potential and the
br eakdown potential ?

FARMER  They're very cl ose together as you can see from
those cyclic polarization curves that I showed you.

LATANI SION: I n that case, you answered ny question. |
woul d say you have a problemw th wel ds.

FARVER  There is concern about the welds and, of
course, this is why we're testing with the wel ds.

LATANI SION:  And, at very | ow tenperatures.

FARVER Well, very low tenperatures in solutions that

have a probability somewhere between 0 and 1 percent.
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LATANI SI ON: Wl |, okay, fair enough.

FARVER.  COkay?

LATANI SI ON: Yep.

FARMVER: Ckay. Next slide, please? And, just a nore
graphical illustration and I, frankly, show these just to tie
back into the |ast presentation. As we showed you before,
show you one sanpl e where you have the nmultiple crevice
assenbly and | think it's very inportant to point out that we
actually push these to the point where we intentionally get

crevice corrosion, but this crevice corrosion that you
observe here occurs at the reversal potential. This type of
attack never occurs close to the open circuit corrosion
potential. So, we purposely fail the sanples and then we
| ook at the point as we reverse scan these where this crevice
corrosion attack stops. That is the repassivation potential.
But, again, nitrate has a very beneficial effect and gives
you anot her 300 or 400 mllivolts margin in terns of the
performance of the material.

Next slide? This is--again, we also have nultiple
crevice assenblies at this tenperature, but these are disc
sanples. W push it to the point we're actually getting pit
initiation in a disc at very high potential, very high
tenperature, and then we reverse the scan and, of course, we
get a repassivation. Again, a very high margin between the

open circuit corrosion potential and the repassivation.
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Next slide, please? | believe, the science and
technol ogy program if |I'mnot mstaken, is going to be
pursui ng sone gamma pit experinents as the project did in the
'80s where we actually look at gamma radiolysis effects on
Alloy 22. Up to this particular point in tinme, we've
simul ated the effects of gamma radiolysis on the open circuit
corrosion potential by doping the solutions with hydrogen
peroxi de solution. And, the point here is that at the
maxi mum gamma dose, the greatest excursion in corrosion
potential would be somewhere around 250 mllivolts. It
woul dn't change nmuch nore than that because at this
particul ar point, the corrosion potential effect has pretty
wel | been saturated and additional introductions of hydrogen
peroxi de do not further or increase the corrosion potenti al
very nuch

Next slide, please? Now, another nice thing about
the dry-out region here, we experience the nmaxi mum hydrogen
per oxi de production at the maxi num radi ati on dose and
rel axing the tenperature. Only one catch; there's no aqueous
phase up here. So, frankly, those excursions that we see in
open circuit corrosion potential due to gamma radiolysis
woul d probably not be observed. By the tinme we have an
aqueous phase even beginning to be possible on the waste
package surface, the dose is down around .1 rads per hour and

those effects that you see on ganma radiolysis are far bel ow
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what | showed in the previous slides. Cearly, that would be
a worst case scenario.
Now, | would like to go--1 think, just before I
wap up, go to a couple of the backup slides because | have,
| think, another inportant point to make. Actually, | wll
tell Denise which slide we should go to. Let ne see, if we
could go to Slides 47 and 48, | think that woul d be val uabl e.
kay. One of the things that we' ve been concerned
about is this acid gas volatility, the fact that sone have
postul ated that we m ght have substantial anmpbunts of acid gas
inside the repository. So, frankly, encouraged by sone of
our managenent, we decided to sort of do the standard back of
t he envel ope cal culation to see what the | evel of
signi ficance of these types of scenarios is. | realize, of

course, those of you who are going to tell nme exactly to two

deci mal places what the waste package dianeter is. | realize
that this is a hypothetical waste package. In nmy waste
package, | use pure nickel, not Alloy 22. But, it's pretty

close, | think, in terns of the orders of magnitude of
nunbers.

So, if | could have the next slide? Basically,
what |'ve done is | cal cul ated what the maxi nrum anmount of

hydrogen chloride is that could cone into the repository
i ntroduced by anbi ent seepage. And, of course, the anbient

seepage, as you see fromBo's presentation, is far greater
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than what we actually expect comng into the repository due
to the thermal hydrology effects. But, if | |ook and count
and use the--assune all that seepage water cones into the
drifts and all of the chloride brought into the drift w thout
seepage water is converted to hydrogen chloride gas and
recondensed into HC on the waste package and all of that HCO
reacts with the waste package surface to nmake a nickel -
chl oride corrosion product, | see that under the worst,
wor st, worst case conditions, the maxi muminpact or the
maxi mum anount of waste package material that could consune
woul d be around 3 to 4 percent. So, this is may way of kind
of assessing what the | evel of significance of this hydrogen
chl oride gas problemis

So, at the encouragenent of soneone el se who,
frankly, is nore experienced than | am it was said that
maybe a graphical illustration is good. And, | didn't make a
pie chart for this, but let's say if this our waste package
material, | think--1 only had two pennies so | have to--the
budget is down. But, these are ny two pennies. That is kind
of the order of magnitude of inpact, | believe, this hydrogen
chl oride gas problemis conpared to our waste package
mat eri al .

So, with that final point, I'lIl go back to the
summary slides which, | think, are--Slide 43 is the | ast

slide. So, if I could back up fromthere. Back one nore,
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one nore. There.

So, just to recap, again we've tried to illustrate
for you that we have three | ogical tenperature regines in the
repository. W have a high tenperature dry-out zone. As the
wast e package cools through the deliquescence point, we have
the possibility of deliquescent brine formation in this dry-
out zone, but from doing corrosion studies there, we find
that there's no significant inpact of these deliquescent
brines on the localized corrosion of the waste package
surface. W further cool the waste package down to the
boiling point, and as we know fromBo's work, at this
particul ar point we can start having seepage cone into the
repository. So, we have to begin to worry about aqueous
phase water chem stry as Mark has shown you. But, we know
from doi ng a nunber of studies over the years in the aqueous
phase el ectrol ytes and whi ch bicarbonate sanples are, in
fact, valid, there's not nmuch | ocalized attack. Eventually,
we reach a threshold tenperature which is probably sonewhere
bet ween 90 and 100 degrees Centigrade. W've even in these
wor st case brines--let's say boiling cal ciumchloride near
saturation--we have sufficiently good netallurgy to protect
us. So, frankly, the waste package perfornmance down here
becones fairly insensitive to water chemstry. | nean, it's
okay in the worst case scenarios and it's certainly going to

be okay in the | esser aggressive solutions.
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So, without beating this any further, that | think
is for all practical purposes our nessage. And, the | ast
three slides, |'ve recapped those points.

So, thank you very nuch

CRAIG Thank you very nuch, Joe.

FARMVER:  Sur e.

CRAIG Mark, Dave--wait a mnute, Mark, Dave
Priscilla, and Ron?

ABKOW TZ: Abkowitz, Board. |'mnot an expert in this
area which makes nme, | think, qualified to ask the couple
guestions I'mabout to ask. I'minterested in returned back
to 30,000 feet and I"'mgoing to ask you just two or three

fram ng questions, if | could.

First of all, I mght take away fromthe
presentations that have come through with yours kind of
closing the argunent that the high tenperature design that
DCE is currently commtted to will cause fewer corrosion
problens than a | ow tenperature design. |s that correct?

FARMVER: Yes, and let ne give two answers. Let ne give

ABKOW TZ: | only want one.

FARVER: Ckay. Well, let ne give ny answer as a
t axpayer and as a voter. As a taxpayer and a voter, not as a
menber of this project, as | ook at this data, whether I'ma

part of the project or not a part of the project, | prefer
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the high tenperature operation because, frankly, it does keep
t he waste packages dry. |If you | ook at the nunber of
problens that you mtigate with a dry waste package--for
exanpl e, preventing mcrobial gromh--1 think it's a better
desi gn.

ABKOWTZ: Ckay. |I'd like to return to ny question.
Just a yes or no answer woul d be adequat e.

FARVER:  Ckay.

ABKOWN TZ: Wth the information presented today, can one
reach the conclusion that the high tenperature design wll

cause fewer corrosion problens than the | ow tenperature

desi gn?
FARVER | personally believe that woul d be the case.
ABKOW TZ: Okay. And then, secondly, how certain are
you of that? Are you nore than 90 percent certain of that

concl usi on?

FARVER | haven't quantified ny answer.

ABKOWN TZ: Well, what will it take to quantify the
uncertainty?

FARMVER: Frankly, that's going to be done through the
TSPA cal cul ation. Wat we' ve done for you today is show you
our database. W' ve shown you the data that we've collected,
what we've quantified. The way that the actual performance
assessnment for the waste package will be quantified and

calculated is to take these neasurenents that we have that
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are being used by our TSPA group, they're being into
probabilistic calculations, and this will then be converted
into how confident | am

ABKOW TZ: Al right. Could you specul ate on what
aspects of the nodeling effort you have the | east confidence
in, and therefore, that's where the uncertainty nodeling
attention needs to be focused?

FARVER Well, you know, |I'm an el ectrochem st or
el ectrochem cal engineer actually by training. So, |I'm
prejudi ced towards the corrosion processes as are many in
this room | have a colleague next door who is a
metal lurgi st and who is very partial to the precipitation

kinetics problenms. So, | think it depends, by and | arge, by

who you talk to. Frankly, 1'd rather work on corrosion
problens. So, | tend to see nore problens there.
But, to tell you the straight of it, | think

frankly, we've done a pretty good job of covering the bases.
It's a very broad problem W initiated--for exanple, |et
me go back to phase stability. One of the reasons that we
shied away fromthe Hastaloys in our early '80s--1'"msure as
Dan probably recalls--we thought that there would probably be
phase stability problens. You know, we've initiated work
with Larry Caulfed at MT. He's using a lot of the
expertise, you know, with the Caul fed nodeling approach and

we' ve cal cul ated phase di agrans and now we have, frankly, a
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fair degree of confidence in the phase stability of these
materials at relatively low tenperature. | think we need to
collect nore corrosion data. | think now that we have
started to get handle, a very good handl e, on the waste
package surface environnment--you know, you think about it.
The | ast year because we didn't have perhaps the handl e on
the surface environnent that we should have, we spent a | ot
of our effort making measurenents on an environnment that has
a probability of O to 1 percent. WlIlIl, good, you know. This
is a good thing to do and I"'mglad we did it. But, | think,
the thing we need to do now is we need to go back to sone of
these nore realistic environnents, the benign environnents,
and | ook at what the degradation scenarios are there. W
have a ot of historic data there, but | think, you know,
frankly, our researchers have gotten better, our techniques
have gotten better, and | think now we need to go back and

| ook at neasurenents in nore realistic environnents instead
of just concentrating, frankly, on sonme of these things that,
frankly, are probably overly weighted in ternms of the
resources that we're investing.

ABKOW TZ: And then, one final question. Assum ng the
direction of your conclusions, can we go hotter? Shouldn't
we go hotter?

FARVER: Frankly, the limt on the waste package

operation, you know, on--1 think in terns of chem stry and
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materi al science because that's what | do. But, we have a
350 degree Centigrade limt on the waste package and that's
determ ned by the thermal stability of the zircall oy cladding
on the fuel. GCkay. So, that's the upper Iimt for the waste
package.

Then in the old days when we first started going
our phase stability studies, we thought we were bounded to
around 300 degrees Centigrade based on sone very early
sketchy data that we had for phase stability. W thought we
wer e bounded to about 300 degrees Centigrade for the Alloy 22
in terns of a place where you can operate for 10,000 years
wi thout precipitating a |lot of phi, sigma, and nu phase which
has enbrittl ement problens enhancing susceptibility to
| ocalized attack. Now, if you talk to Tamry Sommers and
ot hers who, frankly, probably have beconme sonme of the world's
best experts in the phase stability of these alloys, you find
that that |imt is probably about 250 degrees Centi grade.

So, | think the upper limt of waste package operation is
bounded by the phase stability of the material; you know,
things that we determne fromtinme, tenperature,
transformation diagrans. The |low tenperature limts of
operation or, | should say, the tenperature limts of
operation at |ower tenperatures where you m ght have these
condensed aqueous phases is a force determ ned by a

susceptibility to |l ocalized corrosion and stress corrosion
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cracking. And, the stress corrosion cracking is a whole
different story and we're | ooking at that and we have--we're
doing stress mtigation and we have a whol e program of stress
corrosion cracking that we haven't even tal ked to you about
much | ately.

ABKOW TZ: Thank you.

CRAIG (Ckay. Dave Duquette?

DUQUETTE: Duquette, Board. | guess, |I'ma netallurgist
that does corrosion. So, | guess, | sit in both offices.

FARMER  There you go. G eat.

DUQUETTE: Could you go to Slide 31, please?

FARVER.  Ckay.

DUQUETTE: And, | would just like to correct or, at
| east, address sone termnology. |'mnot sure | want to say
correct.

FARMVER: You betcha. Ckay.

DUQUETTE: But, the green solid line at the bottom
you' ve indicated is the corrosion potential. And, | would
argue is the zero current potential which depends very nuch

on how | ong you' ve decided to do your cathodic reduction and
it depends on surfaces, it depends on surfaces, it depends on
a whol e bunch of things. You' ve shown unequivocally, |

think, that the corrosion potential which is the free
potential that it arrives at is quite a bit noble to that. |

woul d argue that the only valid data on that curve that neans
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anything froman assessnent of crevice corrosion is the
dashed box versus the red line that intersects it. And, |
woul d al so argue that you should not | ook at the average of
the repassivation potential, but the mninumin the
repassivation potential for any experinents because if it can
happen at that potential, it can happen in the long-term |If
| do that, | drop ny critical tenperature, granted, w thout
nitrate down to about 65 degrees or maybe 70 degrees Cel sius
and not up at that higher nunmber. So, I'd like us not to be
t hi nking of that lower line as a corrosion potential. It can
be an artifact of the experinment as you already indicated
because if you let it sit for a year and a half, it conmes up
to the upper potential.

FARMVER: What you point out is absolutely correct. Now,
one thing, though, that I would have to point out as a
counter-argunment is this was neasured for a 24-hour exposure,
as were these red data points. These red data points were
not nmeasured at a year and a half. Wat we need, quite
frankly, and | think this is a place where sone additi onal
testing is needed getting back to the earlier question is |
think we need to neasure these breakdown and repassivation

potentials of sanples that have been sitting there for quite

some tine.
DUQUETTE: | fully agree.
FARMVER: So, what we need--because, frankly, we've
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measured a few of these and, you know, those give sone rise
for optim smbecause it isn't just this that's just in the
anodic direction, you also get shifts of the upper curve.
So, I"'min full agreement with you. Frankly, as we | ook at
these curves, we are in positions where--you know, we get to
a point where we have to kind of freeze what we know about - -1
mean, we're never going to know everything about any materi al
or the repository, but we're going to have to build it. And,
| think, it's very inportant that we have the very best
design that we possibly can and we've done that.

But, I mght also point out that while you have
this intersection, this is why we've wrked so hard to get
these water chem stries that Mark described to you, 0 to 1

percent, and frankly, the pure cal ciumchloride probably

zero. In fact, as we | ooked and did all that binning
process, none of those calculated waters fell in this
category. They all had substantially nore nitrate present.

So, if you look in the curves that follow this, you find nuch
nore margin in regard to the resistance to |localized attack.
DUQUETTE: Which brings ne to the second part of ny

guestion. It has to do with the nitrate situation and

rel ates back to what Mark had tal ked about a little bit
earlier. You' ve assunmed that the crevice corrosion
initiation and propagation will all occur in the cool -down

period, but you haven't set up any situation where you m ght
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have crevice conditions or potential crevice corrosion
conditions during the heat-up period while it's being put in
place. That is that the water that's there gets into the
crevice, doesn't cause corrosion then because you heat it up
to some extent, may or may not boil out of crevices because
of capillary situations, and then you're back in the cool -
down period having set up an environnment which doesn't have
nitrate inside the crevice. And, it would be interesting to
do sone experinents where you purposely wet the surface with
no nitrate and then did your experinments in a solution that
contained nitrate to see if the nitrate was able to protest
the inside of the crevice even though it's on the outside.
FARVER: That's a very good point. But, one thing--and
| have to apol ogi ze because, frankly, there's a lot of
historic data. You know, we have 17 years of data and it's
hard to put it all in an hour, though we try. But, we did do
sonme experinments, probably I'mthinking maybe it was five or
Ssi x years ago, where we actually built crevice cells and we
put m crosensors in these cells and neasured the pH in these
crevices. W |ooked at, for exanple, the types of crevice
corrosion attack that you would get and the pH suppression
you would get in these crevices without nitrate inhibitor or
wi t hout bicarbonate as a buffer and, you know, we would see
predi ctabl e things occur. You would polarize a sanple up to

a particular point in time and then you' d start seeing the
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| owering of pHin the crevice even before the passive film
woul d break down and then eventually failure of the passive
film We would do simlar experinments with realistic waters
which at that particular time we were |ooking at things |ike
SCW you know, sinmulated concentrated water which is a very,
very concentrated brine that has all the ions that you woul d
encounter at Yucca Mouuntain. But, we would | ook at some of
t hese expected waters, and frankly, you could polarize the
sanple wth those crevices to incredibly high voltages and
you woul d not see these hydrolysis reactions occurring in

t hose occl uded geonetries. And, this is, | think, consistent
wi th sonme other published work in the field. W did
nunmerical simulations of that and drew simlar results.

So, | think, as we've | ooked over the years inside
these | ocal environnents using mcrosensors, we've seen that
there's a very big difference in the types of hydrolysis you
get in these occluded geonetries with and without nitrate,
with and wi thout buffered ion.

DUQUETTE: Finally, there are, of course, a variety of
ways to | ook at crevice corrosion resistance. One of those
is the one nost of us accept which is the one you' ve used
her e.

FARVER.  Ckay.

DUQUETTE: There's another school of thought that says

the size of the hysteresis loop is a nmeasure of the crevice
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corrosion resistance of materials. As a corrosion scientist,
woul dn't you be nore confortable if you had a material that
had no hysteresis |oop, at all?

FARVER: Oh, absolutely. You don't want the passive
filmto breakdown, at all. But, frankly, one of the problens
that we ran into early-on a few years back is we were trying
to assess what voltage to use as the breakdown potential. As
you know, in many of these standards--for exanple, as we

measure these repassivation potentials, it's sensitive to the

technique that | use. |If | pick a different reversa

potential, | change the repassivation potential. |If | change
the scan rate, | change the repassivation potential. So, any
time, innm mnd as a scientist, if |I start having a nmeasured

paranmeter that is a function of how!| run the test, that's a
cue to me that sonmething isn't exactly as it should be in the
testing nethodol ogy. But, even so, this is the standard

nmet hodol ogy that we use in the field and I'msure we all know

this.

DUQUETTE: Duquette, Board. | can't disagree with you,
at all.

FARMVER: Yeah. Yeah. And, frankly, early-on, we were
t hi nking the nost rigorous way to do this is actually

potentiostatic step nmethods where you keep stepping the
potential to the point where you actually do see the surface

depassi vate. That's probably the nost rigorous way of doing
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it, but it's also the hardest, the nost tine-consum ng, and
for those reasons, the nethod that many people shy away from

CRAIG Ckay. | have Priscilla and Ron and Dan. And,
make your questions brief, please.

NELSON: Yes, sir. Nelson, Board. |'mcertainly not an
expert in this area, but |I found two questions. One, |
think, was nearly the sane as Dave's second one which deal s
with the expectation that water is present before this chart
starts.

FARMER: Ch, good point, yes.

NELSON: And, to what extent is that something that
shoul d be considered because | actually think there will be

wat er present during the heat-up.

FARMER  Actually, I1'"mgoing to |l et Bo answer that
question if he doesn't mnd. He got Mark and I; so, we'll
get hi m back now.

NELSON: Yes, the question--

FARMVER: |'ve been | ooking for the ideal opportunity to
pass it to him

NELSON: Nel son, Board. The question doesn't deal with
will there be water, but assuming that there is water.

FARVER: Ckay, you bet.

NELSON: Now, talk to ne.

FARMVER: Ckay. So, you assune there is water?

NELSON:  Yes.
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FARVER: Well, if you have water during the heat-up
phase, clearly, | nean, you have--our criteria for whether or
not you can have aqueous phase corrosion is do you have an
aqueous phase? So, if you have an aqueous phase, we woul d
argue, yes, you can have an aqueous phase corrosion.

NELSON: Nel son, Board. Can that be inportant in the
overal | expected performance assessnent?

FARVER: Well, | actually read through some of the AMRs
on thermal hydrol ogy--not that | understood them but | read
them you know, |like the dutiful student--and what | did get
out of reading themis it seens to nme that as we go above the
boiling point, you know, water kind of starts to |eave the--I
mean, the drift walls dry-out. 1In fact, before we start
hearing up, if you pass ventilation through the tunnels, the
surface of--the walls of our drifts right now at Yucca

Mountain are dry.

NELSON: No, wait. No, I'mnot asking you to explain
the thermal hydrology. |'mjust asking you to say if water
is there during the heat-up, all right, up until the time of-

FARVER  Hypothetically, if water is there?

NELSON: Yes, if it's there?

FARMER  Hypothetically, if I had a--

NELSON: Can it be inportant to your assessnment of the
life of the package?
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FARVER | woul d say yes, but--and |let ne caveat this.
The beauty of the chemi stry nodel that Mark outlined for you
is on the old days, you know, we had to do very painstaking
tests, as you have illustrated here, where we would actually
go out and experinentally try to sinulate these evaporative
concentration events. Wth the nodeling that we've now done
that is bolstered by having done these experinents, we can
now sinmul ate the water conpositions, the equilibriumwater
conpositions we see on the way up and on the way down. By
doi ng these binning type processes and knowi ng that, well,
all of my waters are going to be represented sonewhere on
those 11 Bins, and if | evaporate one of those Bin waters,
" mgoing to have sonme water that is representative of what |
see in the repository. It allows nme to tie realistic
conditions back to test environnents. Wen | [ook at the
types of waters that | expect on the way up or on the way
down, I'm not thinking--based on what |'ve seen with these
results, I"'mnot thinking there's going to be nuch cal ci um
chloride there. Certainly, not a saturated boiling cal cium
chloride with no nitrate. No, | don't think that's very
realistic. And, when | put realistic amounts of nitrate in
there in an open systemwi th all the other realistic
constraints on the system -

NELSON: I ncluding the mcrobes?

FARVER I ncluding the m crobes.
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CRAIG Okay. |'ve got to break in here. W' ve got two
nore qui ck questions. Ron?

LATANISION: 1'd like to follow up on sone of the--
Lat ani sion, Board. | always forget that. 1'd like to foll ow
up on a question that Dave Duquette was asking.

FARVER: Ckay, sure.

LATANI SION: And, if we could turn to Slide 7?

FARMVER Ckay. Sure, Slide 7. Ckay.

LATANI SION:  This is a schematic, admttedly, but |

think it's very instructive to just walk through this

qui ckly.

FARVER  Ckay, sure.

LATANI SION:  As you point out, if you exceed the
breakdown potential, a crevice will become activat ed.

FARVER  Yes.

LATANI SION:  And, as you drive the potential in a
reverse direction, you'll reach a point at which the crevice
wi || becone repassivated or protected.

FARVER: The outside filmwll reform

LATANI SION:  Right. Now, that is, conceptually,
sonmething that | think is very clear in the literature and
peopl e would agree with. But, the inportant issue here is
fromthe point of view of determ ning whether or not a given
metal or a given alloy is susceptible in service is where the

corrosion potential lies relative to those, what | would
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descri be as, anodic kinetics that are shown in the hysteresis
| oops.

FARVER: | think that's true and that's what we try to
capture with the Delta E val ue there.

LATANI SION:  Well, on that basis, Joe, | would say that
all three of the netals you' ve shown here are resistent at
that corrosion potential to crevice corrosion.

FARMVER: Yes, exactly right.

LATANI SION: Right. Now, on the other hand, if you
allow the crevice potential to rise as you had shown in
Slide--let's now go to Slide 37--36, sorry.

FARVER.  Ckay.

LATANISION: It's a conpanion to the one that Dave
| ooked at. What you're now showing in this slide by virtue
of the change in the dashed green box that you have descri bed
as being typical of the base netal --

FARVER.  Ri ght.

LATANI SION:  --you' ve shown a consi derabl e ennobl enent,
a couple of hundred mllivolts and that is approaching the
repassi vation or breakdown potential which, as you pointed
out, were relatively close. The point being that | think
there's very nuch | ess reason to expect the breakdown
potential to change. | think there's far nore reason to
expect the ennoblenent in terns of the open circuit--

FARVER:  The open circuit corrosion potential.
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LATANI SI ON: Ri ght.

FARMER  You're probably correct. There is sonme change
though in ternms of the passive filmproperties. As the
sanple sits around for an hour, defects are |ess preval ent.

LATANISION: Right. But, | think historically if you
ook into the literature, the anodic polarization curve, the
shape, is relatively fixed. What is inmportant is the
| ocation of the corrosion potential.

FARMVER  Right, the green box.

LATANI SION:  That's right.

FARVER.  Ckay.

LATANI SION:  And, that's always a function of the
i ntersection between the anodic kinetic curve which would be
represented by the three different material curves that were
shown on Slide 7 and the cathodi c kinetics.

FARVER  Yes.

LATANI SION:  And, if you take the position, which
think is legitimate here, that the cathodic kinetics are
sonmehow i ncreasing the corrosion potential in a noble

direction, not an unusual phenonenon in corrosion engineering

syst ens.

FARVER.  Ckay.

LATANI SI ON: That you're approaching the critical
potential or breakdown potential, and therefore, at a

relatively | ow tenperature you' ve got a susceptible materi al
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That's the first point.

The second point is that welding--this is why I
asked at the tinme you showed this--welding | ooks to ne as
t hough it creates anot her degree of susceptibility beyond
t hat which would be typical of ennobl ement because your
potentials are even higher.

FARMER  That's correct.

LATANI SION:  So, I'mvery troubled by this, | nust say.

FARMER  Let ne--

LATANI SION:  Let nme just finish.

FARMVER:  Sur e.

LATANI SION:  And, | know that you point out that you're
dealing here with a relatively |ow frequency of | ow
probability environment. But, I'll just say that, you know,
t he denographics of solution chem stry are such that the
species that are in high frequency or high popul ation are not

necessarily the ones that you' re concerned about.

FARVER.  Ri ght.

LATANISION: | mean, a few parts per mllion of
chlorides in a steamgenerator wll create havoc with a
nucl ear power plant.

FARVER: And, with due respect, Ron, and back to a
question that Mark had raised earlier, how confident are you?
| think the first thing to realize is, frankly, we have

data. It's very noisy in this band. The centroid is kind of
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around the center of this box and | think the--I, frankly, at
this point couldn't tell you if it's one sigma or two sigma,
but this represents the band of data that we see.

LATANI SI ON:  Yeah.

FARVER. One thing that you get fromthe probabilistic
risk assessnent that we do in the project, for one thing, you
know, we can't assume that all of our environnments are this
because they aren't. | mean, that would be unrealistic.

LATANI SION: O course. Right.

FARVER: W also can't assunme in a probabilistic risk
assessnent that all open circuit corrosion potentials are
here or here because that's wong. So, what we do is we
assune the center of the distribution and we | ook at the
width of it and we do a probabilistic risk assessnment. And,
things that occur at a probability of less than 10° are not
such a problemfor us. Now, if we came in here today and we
told you absol utely nothing about our know edge of the waste
package surface environnent and |left you at the end of today
with the belief that this m ght be 100 percent probability,
you know, that's a problem But, the fact that I--

LATANI SION: | guess, I'mm ssing a point though.
mean, even if it were 1 percent probability, but it were the
causative agent and it were present on a 1 percent frequency,
|'d be concerned about that. | nmean, it's |ike |ooking

under - -you know, | ooking under a |anp pole for sonething
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you' ve | ost even though you didn't lose it near the |anp
pole. | nean, fromny point of view, if this--if, and it's a
big "if", Joe, | admt that. | don't know that this is the
causative environnment, but if you take the position that it
m ght be, then this data would tell nme that if you're
operating at tenperatures--and let's take a mdpoint in terns
of the corrosion potential given the dashed boxes, | would
say that in the case of the base netal, you know, you're at
maybe 110 degrees Centigrade, and the case of wel ded base
netal, you're sonewhere closer to 100 as your threshol d.
And, those are well-below the operating tenperatures in terns
of the high tenperature--

CRAIG Ckay. | have to apologize. W have to take a
break. Dan Bullen, you get the first question after Bil

Boyl es' tal k.

FARVER: Well, let ne make one final--
CRAIG  kay.
FARVER --if | can, frankly. |If Denise could go to

Slide 51 and 52? You know, these actually represent
realistic waters. Sinulated acidic water, you know, people
have said they don't, but, frankly, probabilistically this is
a very realistic environment. W have a very |large margin
bet ween the open circuit corrosion potential and what m ght
be the breakdown potential, but, frankly, probably nore a

[imt on the electrolyte. And, frankly, no negative going--
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|"msorry, no positive hysteresis here. So, this is a
realistic environment. And, here, you have two conditions.
You have a severely aged sanpl e which would be the very worst
type of netallurgy that you'd see with any wel di ng occurring
and you have a base netal. And, in both cases, you have
fairly good margin and water that we woul d expect at
relatively high probability.

And, if | could have the next slide? This is the
ot her category of expected water. Again, we have a good
mar gi n between the open circuit corrosion potential and, you
know, realizing, of course, that we can have ennobl enent
here, as well. Frankly, there isn't nmuch ennoblenent in this
particular electrolyte, but there is sone with the SAW as
you may recall fromsone earlier neetings. But, again, we
have a fairly good margi n between this anodi c oxi dati on peak
and the open circuit corrosion potential. W have a 600
mllivolt margin and the ennobl enent we're tal king about is a
couple, 300 mllivolts.

CRAIG (Ckay. At this point--

FARMER: And, these are expected waters.

CRAIG At this point, we're taking our break. W' ve
got 15 mnutes. You're all due--

SPEAKER:  Whether you like it or not.

CRAIG Wiether you like it or not. You don't have to

take the full 15 m nutes.
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FARVER:  Thank you very nuch

CRAIG Thanks a lot, Joe. And, we're all due back at
4: 25.

(Whereupon, a brief recess was taken.)

CRAIG Folks, can we sit down, please? It's time to

get started.

(Pause.)

CRAIG Ckay. Bill is ready to go. And, we're nowinto
the | ast session which is Bill Boyle tal king about the
Techni cal Program Sunmary and Di scussion. Bill, you' ve got
20 minutes and I'Il ring the bell after 15.

BOYLE: kay, thank you. As the title indicates, |I'm
going to try and summari ze the technical programthat we've
been working on nost of the day. The last four slides in
Bo's presentations, | think they deal wth observations and
summary and concl usi ons and presents our understandi ng of
what will happen with the water, both under anbient
conditions and al so during heat-up into the orange region.
And, not just what happens with the water novenent, but al so
with respect to water chem stry. | think based upon his
entire presentation summarized in those |ast four slides
before the backup (inaudible), he gives a good understandi ng.

We have a confident understandi ng of what happens with the
wat er and the chem stry of the water. W then sw tched over

to Mark Peters' talk using as a starting point the water
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chem stries that Bo had descri bed.

Now, Professor Duquette, he nentioned that with
respect to corrosion, those water chem stries as cal cul at ed
by LBL may be not particularly germane or relevant to crevice
corrosion, but we're interested in those starting water
chem stries for other reasons beyond corrosion. W need to
know what effects there mght be on the rock itself. Once we
have those chem stries, we mght as well use them

Mark in his talk tal ked about not only what happens
to those seepage water chem stries, but al so deliquescent
bri nes and al so what happens if water vapor condenses and
interacts with the dust. And, in his talk, the last three
slides before any backups deal with each one of the col or
coded regions and what we expect will happen when we're in
each of those regions.

Usi ng the know edge of chemistry in the tan region
t hat Mark described, we then had Joe Farnmer's talk on the
bl ue region and what will happen with corrosion of the
engi neered system The last three slides of Joe's
presentation before the backup materials, there's one slide
each again for the orange, tan, and bl ue regions and what we
expect to happen when we're in those tenperature regines.

And, | think, in particular, all three presenters
and their materials, the last four slides of Bo's and the

| ast three of Mark's and Joe's, very capably summarize what
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we expect to happen and all the prior material provided the
basis for that expectation. |'mmainly here because we're

com ng back after a break and |I'mjust rem ndi ng peopl e of

what they've heard earlier in the day.

But, |ike Professor Abkowitz, |I'm al so not
necessarily an expert in these studies and | think it's very
--1 would submt nost people in this room people are |ucky
to be expert in perhaps one thing, not all these many things;
corrosion, netallurgy, thermal hydrol ogy, geochem stry. So,
| think, it's useful at tines to take nore general higher
| evel perspective |ike Professor Abkowitz did. So, during
the course of the day, |I've tried to capture sone of the
concerns and I'lIl try and bring themup now during this 20
mnutes. But, if | only address themfroma high |evel point
of view, we have the rest of the tinme and we can bring them
up during discussion again.

So, one of the first concerns that came up was Dr.

Nel son wondered whether or not the capillary effect that

peopl e observe in soils, if you will, porous nmedium was
applicable to fractured rocks. Wll, as Bo had said during
his presentation, the capillary effect is related to the

surface tension of water. And, whether people realize it or
not, | think they actually have a | ot of experience with the
surface tension of water. Usually, in a chemstry class with

beakers, people are aware of the--of the water and its
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surface tension is pulling the water up the side of the
beaker even though there is no porosity in the glass itself.

It's not really a porosity effect, per se, but it's the
surface tension of the water.

It also comes up with respect to biology class and

thin mcroscope glass plates. |If you take two pl ates of
gl ass and put a drop of water between them the two plates
will stick together. | don't know if people renenber that
from biology class, but it's the surface tension of the
water, and in sone ways, that's very applicable to fractures,
if you wll, very small aperture fractures. It's hard to get

t he water out.

But, Dr. Nelson had nentioned what about open
fractures? Well, | think, people's windshields in a
rainstormor shortly thereafter also give indications of what

the surface tension of water can do. The water will bead up
even w thout the second part of the fracture being present.
You know, there is just the open surface of the glass. Water
wi Il bead up and won't necessarily nove under the effect of
gravity.

So, | think, you know, w thout going into a | ot of
details that we fully expect the capillary effect to work in
fractured rock just as we do expect it to work in the porous
medi um

Let's see, Professor Corradini brought up a concern
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about geophysics also during Bo's talk. And, Bo, |ike any
good earth scientist who is not a geophysicist, expressed
skepticism if you will, or acknow edged that there was a
degree of uncertainty about the results. Wat I'd like to
enphasi ze about those geophysical results is we had nore than
one geophysi cal nethod operating in the drift scale test. W
not only had the ERT, we had the neutron | ogs and we al so had
t he ground penetrating radar. Al three techniques are
fundanmentally different fromeach other and all three told
essentially the sanme story which gives earth scientists nore
confort when it comes to geophysics that if nore than one
nmethod is used and it's telling the sanme story, perhaps the
story is believable, particularly when it was coupled with
our physical observations that we would see water in
bor ehol es when we expected to see it and, as the heating
front went by, we couldn't get water out of the borehol es
anynore. So, | think our understanding of where the boiling
front is, although it's, in part, based upon geophysics, is a
| egi ti mat e under st andi ng.

| think it was during Mark's talk there was a
concern about--1 think, Dr. Bullen brought it up--do we have
the right collection of dust that we're analyzing? And then,
| also believe that Dr. Diodato brought this up, as well. |
don't believe that there's any reason to suspect that we

don't have a representative dust sanple. The dust collected
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by the USGS shows that it predom nately produced by the
surroundi ng rocks, but there are other things in there that
perhaps aren't present in the rock. But, although there's
many advantages to living in the desert southwest, one of the
di sadvantages is that on days |ike today, windy here in

Washi ngton, if we have such wind conditions in the southwest,
we al so have bl owi ng dust storns. C ark County, Nevada has
been an EPA, non-attainnent area for blow ng dust. One of
the | akes nentioned in Mark Peters' tal k, Page 10, Owens
Valley, California, it has such a significant bl ow ng dust
probl em that the southern California water users now have to
keep nore water in Omens Lake to keep the bl ow ng dust down

and al so provide a rock arnor to keep the bl owi ng dust down.

The general point being is there's a lot of blow ng dust in
the desert southwest. So, |I'mnot surprised, at all, that we
have nitrates or al nost anything el se under the sun present

in the dust which Zell Peterman al so nentioned that we do see
it inthe Forty M|e Wash area.

Let's see, Dr. Nelson also brought up what about
the purple region right here in the heat-up? Well, froma
scientific point of view, if we understand what's goi ng on
where the purple region crosses the tan regi on over here, we
can use that sanme scientific knowl edge to exam ne the purple
region and the tan region over here which is of nuch nore

[imted duration. As | believe was already nentioned, when
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we finally do go into that heat-up phase, it will be after a
prol onged period of ventilation during which a ot of the
rock will have dried out. Every day of heating that goes on,
the relative humdity gets | ower and nore and nore water
noves away. It's a continually inproving condition, if you
will, during the heat-up in contrast to the cool -down where
the possibility of water is actually increasing as every day
goes by.

BULLEN: Bullen, Board. Just a quick question there,
Bill. Wen you talk about the heat-up phase, that's
i mredi ately post-closure, right?

BOYLE: Right.

BULLEN: So, the heat-up is occurring with no
ventilation--1 mean, the ventilation has occurred for 50

years, but if | start nobilizing water due to the heat, it's
nmobi | i zed, what, fromfarther in the rock? 1Is that the point
you're trying to make?

BOYLE: Well, the point I'mtrying to make is there's
| ess water to be nobilized to begin with, you know. In the

drift scale test, we had dried out a thin skin or rock, if

you will, and we ended up with water in the drift scale test.
After 50, 100, 200 years of ventilation, you know, |'m sure
Bo could tell us how far into the rock nmass the drying front

has gone, but it will be just that much | ess water avail abl e

to nove into the drift. And, every day, the tenperature goes
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up, the relative humdity goes down in case people are
concerned about relative humdity effect. And, every day
that the tenperature goes up, it's trying to drive nost of

t he water away, although sonme does cone back into the drift.

CORRADI NI :  Si nce he stopped you--Corradini, Board--nmay
| ask you a question now?

BOYLE: Sure.

CORRADINI: | want to know one nore tine since we're
having a private discussion about it, the purple band, what
is the | oading that gave us the |lower part of the purple band
versus the upper because | thought | understood and then
tried to explain it to a colleague and | was told I didn't
understand. So, do you mnd one nore tine?

BOYLE: 1'Il try once again and we'll see if | get it

right. That in the analyses that led to the plotting of

t hose tenperatures, we had a line load, if you will, that
over the length of an entire drift, | believe that what it
averaged to was 1.45 kilowatts per neter over a kil oneter or

a kiloneter and a half length. That Iine | oad was produced
by waste packages with many different heat outputs, all the
way fromvery hot ones with younger spent fuel down to the
defense glass which is really not putting out nuch, at all.
But, as Bo had brought up in his talk, nature is trying to
get rid of all the tenperature gradients it can either

t hrough radi ati on, conduction, convection. So, even though
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in this whole drift have

anywhere from 12kw down to 1,

they do appear as if they average out at 1.45, but

neverthel ess, they stil
heat ,
radi ati on, convection, conducti on.

put a thernmoneter on the cool est waste package in that

drift,

hottest waste package in that

we' d get sonething here,

are putting out different anounts of

but they are trying to average out through these

And so, if we actually
| ong
and if we put it on the

long drift in the center of the

repository we'd get the higher tenperature.

CORRADI NI :  So, now, the
asking or just to push it one
in the heat-up phase, | would
driving away the water in two

driving away into the gaseous

simply because you have a--they physics of

woul d understand it,

guestion, | guess, Dan was

step further for Dan, so that

expect what you're doing is
directions, right? You're
phase and back into the rock

| east as |

it, at

is you have a pressure front and the

pressure is driving the concentration both ways because

that's what the heating is doing to this.

BOYLE: Right.

CORRADI NI :  So, the fact

you say relative humdity is

falling is sinply a fortuitous thing because the tenperature

is rising.
BOYLE: Right.

CORRADI NI :

In actuality,

the concentration of steamis
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growi ng in the gaseous phase?

BOYLE: Right. That can be--right. O even for all
know, that the water content, you know, nolds of water nay be
constant, may be falling, may be rising, but the decrease in
relative humdity probably is largely a tenperature effect.
But, if relative humdity, in and of itself, is a thing that
concerns you, it is falling.

Now, all right, just a few nore points, | hope.
The di scussion at the end just before the break and whet her
or not--what is the probability of occurrence of sone of
these del eterious effects with respect to corrosion? 0 to 1
percent is a figure that Joe Farnmer used, | believe, or you
used 1 percent. \Whatever the right nunber is, we have to
take it into account into our total system performance
assessnment. We have to not only for corrosion, but for
everything. |It's a probabilistic analysis. Things occur
with a frequency that's according to what it should be and
the results cone out at the end. W do allow for corrosion
to take place in the nodel and I'mnot a corrosion expert,
but I trust our scientists and engi neers who are that they
have correctly incorporated, you know, what will happen in a
probabilistic sense. So, just because there's a | ow
probability of sonmething bad happeni ng doesn't nean we shoul d
be, you know, afraid of it or irrationally concerned about it

or--not that I'minplying that anybody is because |I'Ill use
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exanpl es that are much | ower probability that we have to
factor into account. On an annual basis, the | owest
probability we have to concern ourselves with is sonething
that--one in 100 mllion per year. And, volcanism for
exanpl e, is sonmething down in that range of probability, and
yet, we do account for it in our analyses. So, |ow
probability events are provided for in the nodel
appropriately.

Now, Professor Abkowi tz asked if there were fewer
corrosion problens hotter, and | think the question can be
generalized to are there fewer problens hotter? And, |
t hought this was the route that Joe Farner was going to go
down when he nentioned he was a taxpayer. | believe we've
provi ded you docunentation in the past which indicates,

t hink, for generally pretty clear reasons that col der
repositories tend to be nore expensive than hotter ones.
They usual ly invol ve nore construction and/or years of
operation, and therefore, are nore expensive.

But, | believe that there's also fewer--1"11 just
call it health problens, if you will, hotter rather than
cooler. And, | recommend our final EIS to those that haven't
read it, particularly Section 4.1.7 which | ooks at the health
effects of higher tenperature operating node versus | ower
tenperature operating node. What it turns out is because the

| ower tenperature operating node is achi eved through nuch
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| onger operations, there are nore health effects associ ated
with it including things like all those extra hundred years
of operation, people will drive out to the site and there
will be nore car wecks and things |ike that. So, the cooler
repository not only being nore expensive, also is docunented
inour final EI'S, does tend to have nore health effects than
hi gher tenperature operating node. But, as Joe Farner
started alluding to, there probably is an upper limt to, you
know, the benefits of our repository. For exanple, back to
our liability assessnment design which was certainly hotter,
but the isotherns between the drifts coal esced raising a
significant uncertainty. So, hotter is better under sone

ci rcunstances. Qur HTOMis probably better than our LTOM
whi ch you can see in FEIS, if you wll.

And t hen, Professor Abkow tz, also one |ast point.

He asked where was the greatest uncertainty? Fromny own
personal point of view, in the preparations leading up to
this nmeeting, nost of the discussion dealt with the tan area.
This can get down to mainly understandi ng a natural system
probl em what happens wth the water? This can |argely get

down to a netallurgy corrosion problem just one scientific

discipline, if you will. One scientific discipline. This
requires the marriage of the two and that's--1"m not saying
it's necessarily the nost certain, but it's certainly
generated the nost discussion.
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So, that's ny summary.

CRAIG Okay. Thank you.

BOYLE: Do you want nme to stand here and answer the
guestions or do you want ne to go back and--

CRAIG Well, I"'mnot quite sure who the questions are
going to be to, probably to everybody. So, why don't we set
you up as a panel over there. Let's see, as we get on with
this, Dan Bullen has the first--

BULLEN: Hour. | get the first hour.

CRAIG What?

BULLEN: | get the first hour, don't [|?

CRAIG  Absol utely.

BULLEN. | have two questions.

CRAIG W're in a situation where we have a fair anount
of time. So, actually, you don't have to be quite as brief
as you would normal ly be.

But, Ron, if you want to continue on your netals

di scussion and then Carl D Bella also had a netal s

di scussion. So, |'ve got three and, let's see, | went that
direction, I'lIl go this direction; Mke and then Dave.
Anybody el se? And, Norm Dan, first?

BULLEN: Bullen, Board. Actually, Bill, since you
brought the point up, | guess I'll have to follow up on this.
| have a couple of issues that | want to raise, but you

menti oned that the tan area raised the greatest anount of
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questions and had the greatest uncertainty. |In the high
tenperature operating node, | have to pass through that area
twce. So, wouldn't it be a sinpler design and perhaps a
safer design if | never when through that operating node?
And, | guess, that leads to the question of is the system
safer if you never go beyond the blue region? And, if so,
how, and if not, why?

BOYLE: kay. Boyle, DOE. Well, this gets back to ny
di scussion of the Environnental |npact Statenment, but let ne
clarify. | think it said that tan area wasn't necessarily
t he nmost uncertain, but I think it led to the nost
di scussion. | think because it's the nmarriage of two
different scientific disciplines, you know, the understanding
of the natural systemand corrosion. But, essentially, your
question is if that tan region, staying out of it, never
getting up to it, staying cooler than that, we avoid
corrosion altogether, if you wll, well, that's essentially
what the | ow tenperature operating node did do and it was
analyzed in the EI'S. The high tenperature operating node
results are showmn. That's the purple band right there. So,
it did go through the tan zone and out the other side. As |
was trying to get across in the discussion of Section 4.1.7
inthe EIS, you will see that particularly because of the
ext ended operations associated with the | ow tenperature

operating node as analyzed in the EIS, there are nore health
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effects. 1'Il let you decide how inportant they are.
Everybody can |l ook at the tables, it goes on for page after
page, and reach their own conclusion. But, what's
particularly interesting is with respect to the high
tenperature operating node, the biggest concern seens to be
that its performance is perhaps nore uncertain. W did
exam ne this in the supplenental science and perfornmance
anal ysis. And, out in the periods of hundreds of thousands
of years, you first start to see perhaps |ess good
performance out of the high tenperature operating node
relative to the | ow tenperature operating node.

But, ultimately, whether or not the cooler is safer
than the hotter, | could portray it as a choice of the
following. |If we go cooler, it's with alnost near certainty
that we will suffer ill effects, you know, the auto w ecks
because of the extended duration of operation, and there wll
be--there's nore radi ati on doses for various reasons. Those
will occur with al nost absolute certainty and they will occur
to our children, our grandchildren, our great grandchildren,
and we will choose that and spend nore noney to achieve it in
order to avoid potential cancer deaths 600,000 years from
now. | don't know when | pose the choice that way that many
peopl e woul d actually take the | ow tenperature operating
node.

BULLEN: Bul | en, Board- -
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FARVER: Could | nmake a conment to you on that? A
coupl e of points regarding | ow tenperature. You know, we
wer e discussing the possibility of mcrobial growh and the
i npacts on corrosion. That, frankly, froma corrosion or
materials science point of viewis harder to quantify than
corrosion and just inorganic electrolytes. And, we realize
fromearlier assessnents that we did that, you know, the
threshold relative humdity for mcrobial growh is sonmewhere
bet ween 40 and 60 percent RH. So, in terms of mnimzing the
i npacts of mcrobial corrosion, | would--ny preference would
be to operate under conditions where we can nmaintain the
relative humdity as | ow as possible for as | ong as possible
because | think that, once you get into | ooking at things
such as nutation of mcrobes over a 10,000 year period, it
seens to nme that is a nore difficult problemthan the one
we're currently faced with.

BULLEN: Bullen, Board. To follow up on that, Joe, the
issue there is that if | have a LTOM 1've ventilated for

that 300 years. So, | don't have the RHs there.

FARVER. And, to my second point, when you think about
the ventilation, | was actually curious--ny father turns out
to be a civil engineer and so | posed the question to him

But, | don't think are any engi neered systens that have
ventilation systens that have been operation continuously for

the tinme period that you're referring to.
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BULLEN: Bullen, Board. You're exactly right. | agree
with that. But--

PETERS. Can | say one other thing, too?

BULLEN: OCh, Mark, you can say whatever you |ike.

PETERS: Ckay. Mark Peters, BSC. One thing | would add
to what Bill said, do we have the basis and can we
denonstrate safety long-term post-closure, operating hot, as
we |ike to put it? Yes is the answer. W net the standard.

So, Bill focused a |lot on the pre-closure aspects of it, but
we're still protective of the public health and safety | ong-
term too.

BULLEN:. Bul |l en, Board.

PETERS: | know you're aware of that, but | want that on
t he record.

BULLEN: The other issue is can you denonstrate safety
cold? And, the answer is also yes, right?

PETERS: We showed that in the SSPA, but what we're here
doing is denonstrating the basis for our design and that is
what we're termng hot for the purposes of this discussion.

BULLEN: Bullen, Board. | would |ike to point out that
the EIS and the SSPA were both conpleted with WPDATE
(phonetic) nodels that were not tenperature dependent for
corrosion? |s that not correct?

BOYLE: M recollection for the SSPA, Suppl enent Science

& Performance Analysis, is that we did have a tenperature
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dependence for corrosion in there that caused sone lively

di scussion, if you will. So, we renoved it. So, the

cal cul ations exi st both ways. W had tenperature dependence
and we al so renoved it or changed it to see what the effect
was.

BULLEN: Bullen, Board. But, the EIS and the LTOM HTOM
results that you present are not tenperature dependent in
WOPDATE?

BOYLE: Do you know t he answer - -

FARMER  Early-on, there was a concern about the
t enper at ure dependence of the corrosion rates. | think the
origin of the tenperature independence, if you wll, went
back to the fact that when the actual data com ng out of the
|l ong-termcorrosion test facility was anal yzed, there was no
i ndi cation of tenperature dependence there. That isn't,
quite frankly, a reflection on the data. It's a reflection
of the fact that you have conpeting processes. As you go up
in tenperature, you tend to decrease oxygen solubility. |
mean, they're conpeting effects. So, there was, as you
recall, many, many neetings |ike this where that was debat ed.

In the final analysis, | think there were rational and
justifiable reasons put forth for that appearance of
tenperature independence. | think it was nore, frankly, a
trading off of effects than the tenperature independence.

BULLEN:  Ckay.
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BOYLE: And, I'Il follow up on that. You know, Mark
i ndicates that the short answer to your question is yes.
But, ny recollectionis is when we had the tenperature
dependence, the original SSPA results, in some ways they were
conparable to the final SSPA results or the EIS results in
t hat when we included the tenperature dependence, the
performance of HTOM and LTOM both inproved. You know,
because we spend nost of our tinme cold and the tenperature
dependence really had i nproved performance cold, but on those
mllion year plots, hot and cold both spent nuch of their
time anbient. It shifted everything in terns of those dose

plots out to the right, but the HTOM and LTOM thensel ves,

still | ooked the sane.

BULLEN: Bullen, Board. Just one |last question and that
deal s again with uncertainty. And, | guess, it's an opinion
of the entire panel and 1'Il ask Bo to pipe up, too, because
do you feel that certainty in performance is greater for a

hi gh tenperature operating node or greater for a | ow
t enperature operating node? And, | have ny own bias and
opi nion and you probably already know what they are, but can
you explain to ne why do you think the certainty of
performance for a high tenperature node would be greater or
| esser? And, any of the four.

BODVARSSON:  Well, the way | | ook at the hot versus

cold, I look at it two ways. The hot to nme is nore uncertain
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in ternms of processes because, of course, when you introduce
boiling, you' re going to introduce thermal hydrol ogical, and
nore inportantly, dissolution and deposition of the waste
packages. On the other hand, the benefits you get fromthe
hot, to nme, far outweigh the uncertainties of the hot because
of the boiling phenonena that we discussed in nmy part of the
talk. There is no question in ny mnd froma |ot of

geot hermal experience that | have spent 25 years studying in
various parts of the world that boiling reduces water
contents, it causes dry-outs, it causes heat type effect that
we see, it causes chem cal dissolution and precipitation
effects that we see, and all of these things that seemto be
very beneficial to performance. So, in ny mnd, even though
the uncertainty of the hot are sonmewhat |arger, the

advant ages far outwei gh the uncertainties.

BULLEN: Bullen, Board. One |last question and then |I'm
done, | promse. If we don't go hot, do you avoid the
formati on of the waters that are in Bins 1 and 2?

FARVER  Actually, could | help wth--

SPEAKER:  Sur e.

FARVER: Actually, it turns out that the binning process
that Mark referred to--and, again, |'mnot an expert, God
knows, but | did famliarize nyself some with the binning
process that | think the geochem sts use. As | recall,

t hi nk they used the evaporative concentration process using
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EQ3/ 6 as the nethodol ogy for binning the waters. So, there
were actually two evaporations done during the nodeling.
There was first synthesized, if you will, or the sinulated
evaporation that was actually used to determ ne the
trajectory of a particular Bin water on the geochem cal
di vide diagram And then, dependi ng upon the outcone of that
simul ation, they would then go back and bin the starting
water. So, ny belief is that actually | think that the
original bin water would still exist, but of course, perhaps
how t he bi nning woul d work out m ght be determ ned by the
operating node of the repository because those Bin waters
actually came from sinulations that probably account for the
tenperature profile, both spatially and tenporally, that we
see in them

CRAIG (Ckay. That was Joe Farnmer. Wen you speak up,
just give your name briefly for the benefit of the recorder.

FARVER  Again, ny apol ogi es.

PETERS. WMark Peters, BSC. That's a good question.
Unfortunately, | don't have the plots. Wat we would need to
go to is the evolution of all the pore waters and how t hey

broke into the different Bins and | ook at what piece of the

time history they canme out of to understand what tenperature
they correspond, if you followne. So, | think, the
information is available. | just think I'"mat a di sadvant age

that | just don't have that at ny fingertips.
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BULLEN: Bullen, Board. |'d just like to see that. |
mean, if we never boil the nountain and we don't get to Bins
1 and 2, I'd be interested in seeing it.

PETERS: W can certainly go |look at the output to try
to get to that answer.

CRAIG Next is Ron Latanision followed by Carl Di
Bel | a.

LATANI SI ON:  Latani sion, Board. | just want to return
to the conversation we had before the break. |'m]l ooking at
this in a totally pragmatic sense and | think we all share
t he sane concern about avoiding circunstances that will | ead
to radionuclide release. | nean, that obviously is a concern
here. And, | suppose fromny point of view what | see in the
data that's enmerging fromthe project and al so data that |
think is energing fromthe work in San Antonio--and | think
we'll hear sone of this tonorrow-the only circunstances that
| see which will seemto ne, at |east as a corrosion
engi neer, that will lead to penetration of the package, the
only data that |1've seen, is related to |ocalized corrosion
and particularly so of welded structures. W're talking
about a package that's welded. W're tal king about
ci rcunstances, at least in terns of the experinental data
that's energing, that has sone finite probability
environmental |y of occurring, and therefore, it concerns ne.

But, | think the crux of what I'mgetting at is not just
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that we should be distinguishing materials fromthe point of
view of their susceptibility and you can do that by | ooking
at the potential differences, the real question is what is
their serviceability and that's a function of not only that
Delta E, but it's a question of whether it's the breakdown
potential or the repassivation potential, where that |ies
relative to the corrosion potential. That is the issue. The
data that's enmerging fromwhat |1've seen |leads ne to draw a
guestion or question, | should say, the serviceability of
Al'l oy 22 under those circunstances.

FARVER: Well, let me just go back, you know, and you'l
have to pardon nme, Ron, for--1'"mkind of replaying part of ny
answer, but, frankly, | think the answer is legitimte and
correct. You know, again, these calciumchloride brines, you
know, the project has invested substantial tinme and effort in
investigating a |lot of these scenarios that, frankly, they're

possi bl e, but certainly the possibility is very inprobable.

| mean, you know, these environnents are not the predom nate
envi ronment that the waste package will see. | nean
predom nately, those waters at Yucca Muntain are

bi carbonates and they wll evolve that way. So, you're
really looking at the tail end of the distribution when
you' re tal king about these cal ciumchloride waters.

So, granted, you know, we have to be concerned

about that situation and we have done our due diligence. W
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have quantified the corrosion in these worst case scenari o0s.
We also are collecting corrosion data in the nore benign
scenarios and from ny personal opinion one of nmy concerns is
t hat we' ve spent so nuch tinme on the inprobable that we don't
have the confidence in the nost likely scenarios that we

m ght ot herw se have. So, you know, having limted tinme and
resources, | think, personally, | would Iike to see sone nore
enphasi s on the scenarios that we're really anticipating.

LATANI SION:  But, may | rephrase what you've said, Joe.

| nmean, | agree with your comment in the sense that it
doesn't appear to ne that the bicarbonate solutions are
likely to be problematic.

FARMER  That's correct.

LATANISION: Right. And, they are the predom nant
envi ronment .

FARVER  Yes.

LATANI SION: But, if there is a finite probability that
t he presence of an environnental specie that is showmn to be
troublesone is likely to be present, then | think the--then
it addresses the serviceability issue that | raised.

FARVER: Well, there is a serviceability issue and |
guess ny response would be that | think we are being very
responsible in addressing that. M belief is that we have to
ook at this at--we're trying to assign accurate |evels of

concern. You know, we're assigning a weighting factor, if
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you will, and trying to calibrate this appropriately.

LATANI SI ON: Ri ght.

FARMVER: But, you know, we al so are not being very
responsi bl e engineers if we paint such a dire situation that
we cannot achi eve, you know, the m ssion set before us
because, frankly, these alloys are as good as they get and,
you know, you're going to have a hard tinme building any kind
of engineered structure if you only portray the plausible

scenarios as the nost dire of circunstances.

LATANI SION: Let me nake sure |'m expressing nyself
clearly. | don't mean to suggest that there's a dire
ci rcunstance. What |'m suggesting is that there's an

i nportant diagnostic that you' ve generated fromthe project's
dat a.

FARVER: Correct.

LATANI SION: And, that diagnostic tells nme that there's
a changi ng--for exanple, a changing corrosion potential that
is driving this systemin directions that suggest to ne that
if there's going to be a serviceability issue, that's an
i ssue we have to address. It would suggest that once you
recogni ze the diagnostic that it would be worth investing
some tinme and effort in finding ways of driving that
corrosion potential back down. You know, it's a diagnostic.

FARMVER: That's a very good point, you know, that you

just make. | nean, for exanple, you know, in our props, nobst
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of us who, you know, had boats or--1 nmean, we all know about
zincs on propellers. | nmean, if this is the direction that
you' re headed.

LATANI SION:  Well, | nmean, that's precisely the
di rection.

FARVER  And, frankly, early-on in one of the pre-
viability assessnment designs, we had--if you renmenber those
days, we actually had the corrosion allowance material on the
out si de of the package for that very reason. W wanted a
sacrificial material on the outside. And, in those days, we
had the corrosion resistent material on the inside so that we

woul d have that sacrificial |ayer.

LATANI SION: Right. Well, let me just close by saying
that | see two options really or maybe three. | nean, one is
to take the approach we've just been tal ki ng about and that

is to use the diagnostic and to respond to it by attenpting
to drive the potential in a direction which is going to
provi de nore serviceability in the | anguage that |'ve been
using. The other, of course, is to consider packages that
are not welded and | think that's not in the cards. O,

thirdly, to reduce the operating tenperature.

FARVER: There are actually--there's a fourth option, as
well, and one that we're investigating. W' re considering,
frankly, new materials, coatings. Sone folks have actually

recommended perhaps, you know, coating these wel ded regions
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so that you don't expose a potentially susceptible netall urgy
to these conditions. So, there are lots of options out
there. | nean, | think we have a very good design and |
think the problens that we outlined for you today, we did for
conpl et eness, not because we believe that these are the nost
probabl e circunstances.

LATANI SION: Well, | guess, | would be happy to see a
| ot nore detail on those sort of renedial or responsive
approaches than | guess |'ve heard today. That's ny only
concern. | nmean, | think we all share the concern about
wanting to make sure that these packages, if they're put into

service, are as serviceable as possible.

FARMVER: Exactly. And, one final inportant point, |
believe. |If we |look at the distributions of the waters that
we see--let's say, hypothetically, we expect sonewhere

bet ween 95 and 99 percent to be represented by those waters
that we have tested, you know, the yellow data points in the
four corners of the triangle. If we do think that these

bi carbonate waters are predom nant which, frankly, is the
case and we | ook at data com ng out of a |long-term corrosion
test facility--those are, in fact, representative tests--
certainly, at 95 degrees Centigrade over many years, we see
no i ndication of |ocalized corrosions, the initiation of
stress corrosion cracking with (inaudible) Bin sanples, no

pitting. So, | think in the predom nant waters that we



© 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

expect to see at Yucca Muuntain, we do have a plethora of
data that suggests that while you may have sone of these
outlier situations that are problematic, certainly this isn't
t he general case.

BOYLE: Boyle, DOE. 1'd like to offer up a fifth way
out of this issue, if you wll. |If there are things that can
be done to nake the material better and we can find out what
they are either through the science and technol ogy program or
t hrough our own efforts out at the project, that's wonderful.

But, the fifth way out is renmenbering that these bad
conditions occur with some probability. Do the analysis and
if they're sufficiently |low and yet we allow themto occur,

t he bad things happen, but the consequences still aren't that
bad, we still have an okay system You know, we do have

t hese bad effects built into the nodel and they shoul d happen
with an appropriate frequency. And, even if they do happen,
if the probability is | ow enough and the consequences

associ ated are | ow enough, we're still okay. But, if there
are things we can do to nmake it better, then let's do it.

FARVER And, we're going to work very hard on this weld
metal lurgy problem So, | don't want to give you the
i npression that we aren't working the issue. W' re working
it as hard as we possibly can.

LATANISION: Bill, I was with you all the way through to

the last point. | nean, | agree. |If it's a |low probability
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event, that puts sonme perspective on it. But, if it's a high

consequence, | guess | wouldn't feel quite as confortable as
you m ght.
BOYLE: Well, it's the nmultiplication of the two, the

probability and the consequences, which is what we're really
interested in. W just have to do the analyses to see how it
turns out. And, our analyses have to have the capability of
allowing the bad things to occur if they' re believable, but

t hey should occur with the proper frequency. Wen it gets
into this area of corrosion, | have to defer to people |ike
Joe and others that they have built the nodels correctly to
all ow these events, however |low or high their probability is,
t hat they occur appropriately.

FARMVER: And, one thing that's being done right now that
we didn't frankly have tinme to nention very nuch--

CRAIG Joe Farner.

FARVER: |'m Joe Farner from Livernore for those of you
who don't know ne by now. But, at any rate, it turns out
that the project is spending a lot of effort working with us,
like TW Welding Institute, for exanple, and I know Ron is
wel | -aware of this. But, we are second guessing everything
we do all the tinme including the weld process that we're
| ooking at. There are new state-of-the-art wel ding processes
out there where the welds are, you know, extrenely thin

conpared to the conventional welding processes. And, we're
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| ooki ng at these because, frankly, the smaller weld zone, the
smal l er the heat affected zone, the | esser--maybe they're
still there, but you minimze perhaps the inpact. So, we're
| ooking at a lot of different avenues, | think, as look into
t he future.

CRAIG (kay, thank you. That was a good exchange,
excel | ent exchange.

Carl D Bella followed by M ke?

DI BELLA: Thank you. This will be brief. Could you
put back up Slide 36 of Joe Farmer's talk? M question will
be brief; I don't know about the answer. This 36, this has
to do with the browm bar at the bottom The brown bar says O
to 1 percent frequency, but isn't that based on the binning
procedure for seepage waters that was explained to us earlier
in the day? That only extends up to maybe 110, 120 degrees
Centi grade nmax. Above that, the environnents are going to be
based on, nore than likely, dusts on the waste package and
what their composition is. O do | understand sonething
wr ong?

FARVER: No, no, | think you've got it right and
actually it's a very good point. At the higher tenperatures,
let's say, above the boiling point up to the deliquescence
point for calciumchloride, let's say 150, 160, kind of--
frankly, it's alittle bit difficult to quantify the

del i quescence point precisely--but let's say 150, 160,
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bet ween that boiling point and that deliquescence point, you
coul d have deliquescent brine formation. W have | ooked at
the corrosion--or the susceptibility to corrosion in what we
bel i eve today to be one--perhaps not the only worse case

chl oride salt because, frankly, you have cal cium chloride and
you have magnesi um chl ori de and both of those are dival ent
cations which have simlar detrinental effects on materials,
but we have, in fact, |ooked at corrosion underneath these
del i quescent brines in those high tenperature regines from
the boiling point up to the deliquescence point. Wat we
see, generally speaking, in regard to Alloy 22 is we do not
see the sane types of localized corrosion underneath a

del i quescent brine that we see in what is, in fact, an
aqueous sol ution where you have the possibility of convective
stirring and all kinds of other things that can happen.

Now, as we go below the boiling point and we get
into solutions that | would say are nore typical of what nost
of us think of when we think of agueous solution, you know,
things that are actually liquid, in those scenarios we have,
if we're below the boiling point, but above the threshold
tenperature for localized attack, we could have probl ens, |
believe. And, again, these are observations. You know, we
| ook at the sanples and tell you what they say.

DI BELLA: This is the second tinme you' ve brought that

up today. Wuld you say a little bit about the apparatus in
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whi ch you do that kind of observation and sonme nore about
your experinments with magnesi umchl oride brines?

FARVER. Correct. Again, I'mgoing to rem nd you that,
as we said before, these are G eg Gdowski's experinents.
Greg is the real expert on this, but Geg does an incredibly
good job of running these. [It's a very unique capability we
have. He hangs these sanples in the thernogravinetric
analyzer. It's an environnmental TGA. He's capabl e of
heating the sanples, hanging froma quartz m crobal ance.
He' s capabl e of heating those sanples up to relatively high
tenperature. And, we can actually take the TGA above 150
degrees Centigrade, but frankly, Geg doesn't |ike to do that
because he risks damaging the instrunent. But, we routinely
make neasurenents at 150 degrees Centigrade, very close to
t he del i quescence point of the calciumchloride. Under those
conditions, he nonitors weight change. As we showed you in
our data, you can see the absorption of water, you can see
t he thermal deconposition of the chloride deliquescence brine
and you can see that eventually stabilizes, and there's no
further weight change of any significance. This is with the
resol ution at 10 m crograns.

DI BELLA: What you're showing is how an environnment is
evol vi ng under those conditions, not how corrosion is
occurring.

FARVER: No, we're al so showi ng corrosion because in
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addition to quantifying the deliquescent brine formation--and
the nice thing about having the nass change data is you can
observe the deliquescence process occurring. W also collect
the sanple fromthose exposures after many weeks to many

nont hs and we | ook at the surface. W |ook at the surface

wi th optical mcroscopy. As Mark showed you, the project
goes in, they use Raman spectroscopy to try to identify
crystalline phases that occur on the sanple. W do EDS to
try to get elenental composition. So, a |lot of work goes
into | ooking both at the deposit that fornms, the deposit
that's put there intentionally, as well as the corrosion that
occurs underneath. What we have seen, thus far, you know,
and again this--1 have frankly absolute confidence in Geg's
data and I'mlooking at this as an observer, but | have
observed himand |'ve got absolute confidence in what he

does. He's not seeing any localized attack of the Alloy 22.

Now, we have had Alloy 825 as a candidate material before.
That material does undergo |ocalized attack. So, | believe
that there's a big difference between these deli quescent

brines, in terns of the types of negative inpact that can
occur, and a true liquid phase electrolyte where you can have

convective m xing, the nore normal transport processes.

DI BELLA: And, you're run the magnesi umchl oride, too,
you say?
FARVER: |'msorry?
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DI BELLA: You've run magnesi umchloride, too?

FARMVER: There have been sone tests done with nagnesi um
chloride, but to be quite frank with you, I don't know the
extent to which magnesi um chl oride has been tested in the
TGA. So, I'll have to get back to you on that.

DI BELLA: Thank you.

CORRADINI:  Can you go to the next slide since it's up?

Corradini. Al right. So, | guess, | have two points to--

FARVER. Oh, actually, I'msorry, one followp. Mark
just made a very good point in regard to Carl's question that
| had overl ooked or forgotten to nmention. But, frankly, nost
of these brines have relatively little magnesiumin them
So, the calciumchloride is the nore relevant of the two
cases, we believe.

CRAIG A followp question. Carl?

DI BELLA: | can't let that go, I'"'msorry. The brine
that you're going to get is what deliquesces first. The
conmpound with the | owest deliquescence point is magnesi um
chloride. Even if it's present in small amounts, it's going
to come out first and you're going to have it. Now, you may
argue it away for some other reason, but | think you are

going to have it.

FARVER Well, actually, there is--1 do not foresee any
situation--you know, 1'Il be the first to admt | can be
m staken. But, sitting here before you today, | can't think
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of any situation where you' re going to have pure nagnesi um
chl oride on the waste package surface. | think you're, nost
l'ikely, going to have m xed salts on the waste package
surface. | think those can deliquesce at relatively |ow
relative humdities, but | think they're going to be nuch
nore conplicated electrolytes than pure cal ciumchloride or
pure magnesi um chl ori de.

PETERS:. Carl, and if you go back to the dust

del i quescence calculations, it's not clear to ne how your

line of questioning flanges up with that.

DI BELLA: I'mtalking about rewetting as opposed to
evaporating concentration. | think the answers are
different.

CORRADINI: Al right. So, we're on 36. So, |I'm
| ooki ng at the graph and not being a corrosion expert, it
| ooks to ne like there are two nechani snms. And, | asked you
this privately, Joe, but | guess | want to get at it. From

tenperature 60 to 90 or 95--it looks like 90 to nme--we seem
to have a plateau whether it's red or blue, and then at 90 we
seemto have a different mechani smoccurring. So, ny
question is twfold. One, |I think you agree with that, and
two, it goes back to Ron's point which | think is actually
very well put is that if you' re seeing sonmething and it
sounds |i ke between the corrosion shop talk that | see in

front of us, that sonmething is occurring there. |If you



© 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

304

under stand the nmechani sm you can go back and hopeful ly

i nprove the performance because the spread--the only place |
see spread experinentally is exactly at that point which
inplies to ne a physical nechani smchange. So, are you al
right with that interpretation of that graph or am| off-
base?

FARVER No, | do not think you' re wong--

CRAIG You need a--no, Mke, Joe, you' ve got to--yeah
right there. That's fine.

FARMVER: Yeah, | think that's a point well-nmade and |
had to get up actually to see the data. But, you know, there
could very well be a nmechani sm change there.

CORRADI NI :  Okay. So, that's Point 1. Point 2 is what
Ron--1"'m taking Ron's point because | think the way he's laid
it out in ternms of possibilities of action are (a) you may
have a problem what is the problem try to understand it
physically or scientifically, and perhaps fix it; (b)
probabilistically, Bill was making the point, if your claim
it's Oto 1 percent so a small anobunt of water--so let's take
1 percent to be on the high side--so 1 out of 100 of these
drips since we're tal king seepage get to the point where
there is an infected material which is a weld and it fails.
What is failure and what does that nmean in terns of
radi oactive transport because | think when | hear you talk

about it, | hear that failure is inherently radi oactive
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transport. Is that correct?
FARVER Yes. | think, frankly, we're |ooking at the
repository and Bill Boyle is probably the nost appropriate to

gi ve the best answer, but, you know, frankly, we don't | ook

at any of these systens in isolation. You know, we put al

t hese things together and see how t hey function together and
what ki nd of dose they give at the site boundary and that's

the real --

CORRADINI: Right. So, let nme just restate ny question
because I'"'mleading to ny third choice on this. One was to
fix it and that's what Ron said. Secondly, | think he said
it better, carry out the calculation and see where it |eads
you. And then, just froma probabilistic standpoint, if you
guys are claimng 1 out of 100, the water may |l ook like this

and it may seep, then it's 1 out of 100 packages w I |

experience this which neans they'll have 1 out of 100 events.

My question is what is the result of that event because, if
| understand correctly, it's localized corrosion which neans
at a weld place or sonething such as that? Does that

automatically | ead, based on nodeling, to radioactivity

rel ease?

FARVER: No, it doesn't. A very good point. And,
actual ly, hopefully, I know you're hearing about the science
and technol ogy programtonorrow and | think these are the

very issues, as | understand it, that the science and
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t echnol ogy program are supposed to deal w th because,
frankly, you know, a |ot of us who have been on the project
for many, many years |ook at this very nuch |ike an

engi neering project. W have sort of--maybe we didn't start
out this way, but this is how we've evolved. But, | think
that with the new science programthat's starting, | know
that there is a lot of interest in understanding |ocalized
corrosi on phenonena. |In fact, there are neetings that are
pl anned right now And, | believe that in addition--you
know, we have only tal ked today about the initiation of

| ocal i zed corrosion. People who are far nore experienced
than | am you know, are very interested in using--Iooking at
t hi ngs such as stifling of these |ocalized corrosion
phenomena. Just because sonething starts doesn't nean that
it happens, you know, indefinitely.

CORRADI NI : Okay. Al right.

FARMER: And, those are things that are going to be
| ooked at, | believe.

CORRADINI: Al right. And then, ny final question or
point is--and again you guys tried to provide us a story from
the point of it got hot, where did the water go, where did it
cone back, what's the water | ook like chem cally, what does
it do to the waste package? So, ny question is now-let's
just take ny cartoon picture--1 fail it locally. Wuat's the

transport nechani smat these tenperatures to get the
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radi oactivity out? W haven't heard that part of the story.

FARVER: Right. And, Rob Howard actually setting up a
m ke. Rob can probably shed sone light on this.

HOMRD: This is Rob Howard, Performance Assessnent,
BSC. If we do have localized corrosion and, let's say, we
breach a waste package. W characterize what's the size of
the opening? 1Is it a pinhole crack through seven inches of
metal or is it a larger opening? W've got to get either
water in and water out to have an invection release or it's
just going to rel ease radionuclides by diffusion. Bo pointed
out that, you know, if we have diffusive rel eases only which
woul d be likely in the scenario, presumng that it's on a
weld on the lid which neans it's on the side and not on the
top, you're going to get diffusive releases of technetium and
i odi ne, predom nately, and maybe Carbon-14. Those ki nd of
rel eases are orders of magnitude bel ow what you woul d see as
far as a nmedium standard and transport if you had whol esal e
di ssolution of the waste package.

CRAIG | wonder if I'mm ssing sonething about these
Bins 1 through 3. There's an inplication going through this
conversation that all the other waters are totally benign.
Does everybody agree with that?

FARVER Wl |, everybody; |'m not everybody.

CRAIG Do the waters people agree with that?

PETERS: Well, | nmean, you--corrosion is the key. But,
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well, yes, | think, is the answer. |'m speaking for nyself,
but, yes, they are benign. And, | said 1 and 2 are zero from
the cromm. | wasn't saying 1, | said zero.

FARMVER: Actually, not to cop out on the answer--Joe
Farmer again. So, | did say ny nanme once. It turns out
that, you know, we've done a |ot of testing over the years.
| nmean, going back to the late '80s, we've tested a variety
of materials, these and others. And, all these bicarbonate
waters, you know, we've been criticized, frankly, for using
J-13. Well, in the early days, that actually was a pretty
decent estimate of the types of--at |east, gave us the
collection of ions that you expect out of the nountain. And,
frankly, as we nove forward and we've prepared synthetic
versions of those waters and seen how t hose waters can evol ve
as we evaporatively concentrate them W see that they do,
in fact, nove to the corners of the triangle, if you will, so
that we are bounding the problem And, the bicarbonate
solutions tend to be very benign.

Frankly, the sulfate brines are even | ess
problematic in ny estimate than the bicarbonate brines
because, if you renenber fromthe polarization data we've
shown you, there's this anodic oxidation peak in the alkaline
bi carbonate brines. And, just |ike you don't want to hit
potential where you have pitting, frankly, you want to not

pass the potential where you have that anodi c oxidation peak.
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So, you have actually nore margin in the sulfate type

brines, | believe, than you do in the bicarbonate.

CRAIG Terry, I'mgoing to stay with our list. [|'ve
got to put you--let's see, exactly on this subject. o
ahead?

CERLING Well, yeah, this is actually a followon to
your question really. And, that is if you take Zell's 55
dust sanples and you | ook at sort of the eutectic water
conposition that would formduring deliquescence, you get--
what sort of water conmposition is that and does it have a

fairly restricted conposition?

PETERS:. For deliquescence, dust deliquescence as
opposed to dust |eachate, let's see, | can't renenber which
slide nunber it was, but there was a table--

SPEAKER:  32.

PETERS: Thank you. Yeah, the one we tal ked about at
length, right?. Okay, that's in mne, Denise. | think what
we' re about to showis a graph that shows where the four
representative--what sorts of conpositions they evol ve to.
And, they're nitrate--I"mpulling fromny nmenory, but they're
nitrate chloride type brines.

SPEAKER: 327

SPEAKER:  32.

SPEAKER: 32, yeah.

PETERS: So, these are the results of the EQ/6
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si mul ati on.

CERLING | guess, ny question would be nore if you took
Peters'--oh, Cerling, Board--if you took Peters' Slide 30,
t he back two--sort of, | mean, here, you just have a two
conponent system and you can see that the eutectic point is
very well-defined and | was just wondering if you had--if you
took Zell Peterman's data to see what sort of eutectic--what
woul d be a eutectic m xture of the first water to formduring
del i quescence, what that would look like and if it's very
vari abl e between all of his different dust comnpositions.

PETERS:. Good question. |I'mnot going to be able to
answer that. W can get you an answer. That's going to be a
| evel of detail that sonebody |ike Tom Wolery is going to
have to address. | just don't have that at ny fingertips.

CRAIG (Okay. Let's go to Dave Duquette and then Norm

DUQUETTE: A couple of brief questions. Joe, |I'm not
surprised that the 95 degree data don't show very nuch in the
way of corrosion. That's basically testing a | ow tenperature
operating node, is it not?

FARVER  Frankly, | wouldn't view that as testing a | ow
tenperature operating node. | would view that as testing at
| ow t enperature because, frankly, you get into a | ow
tenperature operating node and there are many things that
cone into play that we haven't accounted for here today, for

exanple, the mcrobial gromh. No, ny personal viewis the
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MC is going to be much nore as the | ow tenperature.

DUQUETTE: Sure, | understand that. But, it's just that
the 95 degree seens to be, as we pointed out already, sort of
a threshold where things seemto happen versus sone ot her
things that don't.

FARVER Right, that's correct.

DUQUETTE: Now, if | understood the binning process and
perhaps | didn't, but it was based on sanples of water
actually taken fromthe repository and in dividing theminto
vari ous concentration categories. Am|l correct on that?

FARVER: | will try to answer it again. Here, you're
getting it secondhand. The materials, | understand, either
froma firsthand basis or I'mclose enough to the problem I
think, to speak as an expert, and this, you're getting ny
version of what people had told me they did and |I believe
they did as they said. | think they began with these pore
waters, the five representative pore waters, and they used
those as inputs to Bo's calculation. And, Bo will have to
describe that for you. But, when you get down into the
bi nning process, | think they're using EQB/6 to actually try
to predict how those waters would eventual |y evaporate and go
t hrough this chem cal divide theory that Mark described for
you. And, based upon where they end up, you know, which
corner of the triangle they end up at, they then--and that's

an oversinplification because, frankly, we use these
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triangul ar diagrans, frankly, just to try to communicate with
you today on these, frankly, fairly difficult topics to try
to discuss. But, they basically try to predict where those
waters will end up if they undergo evaporative concentration.

But, they don't stop and use that water conposition after
that initial evaporation. They go back and capture the
concentration they started with, and then based on the
outconme of that sinulation, they bin that initial starting
water. Then, that is then later in the sinulation
evaporatively concentrated or, at |east, sinmulated using
EQB/ 6.

DUQUETTE: That's what | thought. And so, when you have
O to 1 percent of water that's lowin nitrate and high in
chloride, is there a possibility based on that that 100
percent of the containers will see O to 1 percent of that
kind of water versus having only O to 1 percent of the
cani sters seeing that kind of water?

FARMVER: Exactly. That's an excellent point. |If you
remenber in the bar charts that | showed you and I'Il have to
| ook to see what nunber. | actually went into sone of those
simulations. Again, | mean, they're not ny sinmulations. 1,
frankly, was doing very nuch what you're doing now just
trying to understand and quantify what | had because I'ma
user of this data. So, | actually went in and | ooked.

You'll see that there's both the initial Bin concentration
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plotted in those columm charts. | think it's Slide 43, 43
and 42. But, if you look at Slides 42 and 43--1"I1 wait
until Denise has a chance to get it--
SPEAKER:  For your presentation, have you got the right-
FARMVER: Yes, in Farner's presentation, 42 and 43.
PETERS: Mark Peters, BSC. |'mnot sure if this wll
hel p or not. Wat we showed was the crown waters that could
potentially seep. It doesn't nean that they all seep. So,
it ties back also to what drifts actually see seepage.
That's a conponent of it.

DUQUETTE: No, | under--Duquette, Board. | understand
that. | guess--

PETERS. No, | just wanted to clear that up.

DUQUETTE: | guess what I'mtrying to sort out is is
there a finite possibility that 100 percent of the containers
will see this O to 1 percent of that particularly bad water
in which case you've got a nuch different problemthan just
addressing the fact that you have 0 to 1 percent of that kind
of water present?

PETERS: Bo will correct nme if I'"'mgetting off track
here, but | guess that's what I'mtrying to say is it's a
very |low probability that it occurs in the crowm and then al
the drifts don't seep seepage anyway. Therefore, 100 percent

don't see that kind of water conposition.
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CHRI STENSEN:. Can | interject? This is one of the
guesti ons- -

CRAIG Okay. Your question is next. So, it's perfect
timng. Go for it.

CHRI STENSEN: Well, this on the sane thing. | guess
that | had a hard tinme with--Christensen, Board--with
understanding this tinme integrated relative frequency. Are
we | ooking at probabilities through tinme or space or both?
And, I'mjust not sure if at any given tinme, the probability
is 1 percent or if it's 1 percent integrated through tine,
and if so, what tine--it seens like, particularly in this

time sequence, this graft here, the actual frequency
distribution of a given water at a given tine mght be
different, but I may be m sunderstandi ng that.

PETERS. |It's integrating time and space.

CHRI STENSEN: So, that neans then that the actual--at a

given tinme that the actual frequency distribution in space

m ght be different. |Is that fair?
PETERS. WMark Peters, Los Al anps, shaking his head up
and down, yes, that's true.

CHRI STENSEN: Ckay. Yeah, | think that's part of the
confusion here is knowing that--it seens then it really
matters when, what is hitting the packages at what frequency.

SPEAKER:  Ful | y agree.

PETERS. | would also, | guess, point out and Bill"'s
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al ready made the point, | think we're out here doing the risk
assessnent on the fly here. | nmean, this is going to be part
of the total system performance assessnent that goes forward
and |I'mpersonally going to express a little bit of
nervousness that we're here doing the risk assessnent real
time when guys |like Rob are going to go back and do the real
thing. So, | guess, | would--you know, let's be careful

about how far we take this on the record.

CHRI STENSEN: Well, that's why | asked the question.
mean, because you' ve expressed a | ot nore certainty about
what that neant.

FARMVER: Yeah. And, let nme--if | could get back to
Prof essor Duquette's question which | think was quite a good
one, | actually went in and pulled out the nunbers--1 have
the sinmulation files or the outputs fromthese files and |
pul l ed the nunbers to nmake this chart actually fromthe
starting conposition for Bin--1 can't exactly see the chart
fromwhere | sit, but you should see Bins 1 through 4 up
there and "'massumng it's a nitrate chloride ratio. What
we did is we went in and we captured the kind of starting
nitrate chloride ratio and the end nitrate chloride ratio.
Frankly, | was a little bit surprised nyself because nmany
times you actually see the nitrate chloride go up due to
evaporation. | nean, not always, but in many of these cases.

And, | think the sinmulations are good. |It's just that these
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are very conplicated electrolyte systens and soneti nes your
gut feel or how you think it's going to work out isn't right
or your gut is wong because it's a nuch nore conplicated
sol ution than you can guessti mate based on naybe your
experience wwth a sinple binary electrolyte or maybe a very
sinple ternary el ectrol yte.

CRAIG Ckay. | have three nore people on ny list at
this stage; Leon Reiter, Dave D odato, and--

CHRI STENSEN: | have one nore question if | can.

CRAIG Oh, sorry, Norm

CHRI STENSEN: Quickly, Bo, this is for you. It relates
to seepage which | think is very inportant in your argunent
and it relates to just the one bar graph that you showed that
was relating percent seepage agai nst percolation. [|'m not

sure which nunber it is, but it's--actually, it's on Slide

#8. | wanted to understand that your argunent that seepage
is relatively uninportant seens to be based really on two
pi eces of evidence. Part of it is this set of bars where you

show the rel ati onshi p between percol ati on and percent seepage
down to about 8,000 mlIlineters a year and then your general
observation that we don't see seepage. |'mnot sure--if you
can help nme, just how confident are you about the data setup
in which these bars are based? | nean, is that really
representative of the ESP, in general? Those were fairly

confined areas where those studies were done, isn't that
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correct?

BODVARSSON: The seepage testing has been done in quite
a few niches and, first of all, you have several borehol es
that have many different packed up intervals where you
actually can do seepage tests. The heterogeneity of the
formati on has been characterized by air perneability tests
that shows that they vary greatly just |ike the whole
nmountain does in terns of heterogeneity. So, we have done
the seepage tests for many | ocations under very different
hydrol ogi cal property conditions, if you wll. 1In spite of
all of that, the results are very, very uniformin terns that
t he seepage threshol ds seens to cone through pretty nuch the
same in alnost all of these tests and they are basically a
thousand mllinmeters per year in the (inaudible) |ithophysal
and maybe even 2,000 mllinmeters per year in the | ower
lithophysal. That actually has nore fractures.

So, that if you ook at the statistics of the tests
and the nunber of tests and if you |look at the statistics on
the heterogeneity, | think you will convince yourself given
the fact that the results are so uniformthat we have a
pretty substantial database to actually nake the statenents
and have a confidence in the seepage threshol d.

CRAIG (Ckay. Leon?
REI TER: Sort of an overlap of sone of the other

guestions. Sorry, Reiter, Staff. Joe, you made the
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statement and I wote it down in ny notes. It said that what
percent of waste package failure is unacceptabl e?

FARVER: | said |l wll--and, you know, in due respect,
if | said that, | was only--1 don't--frankly, I don't think
know what percentage of waste packages are failing because,
as Mark pointed out and | think appropriately, you know, we
have professionals in risk assessnent |ike Rob Howard and
ot hers who know how to do these problens and Rob can maybe
address that.

REITER. So, if you said it, you said it. If you did

say it, it turns out it's not you're trying to retract it?

FARVER: Well, first of all, I would--if there was a
Court reporter, maybe we could check the transcript. | don't
really recall saying it that way, but I would |like to check

and see.

CRAIG Rob, do you have a nunber for us?

HOMRD: On what's the nunber of waste packages that's
accept abl e?

CRAIG  Yeah?
HOMRD: [|'d have to say it depends on the failure node.
Right? |If it fails by stress corrosion cracking or
| ocal i zed corrosion, it's a pretty high nunber if--you know,
the worst thing that we've seen in the total assessnent
performance assessnent is a waste package interacting with

hot magnma. That's bad. But, if it's localized corrosion and
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it's, you know, a pinhole in every waste package, that's not
an issue as far as regul atory conpliance goes.

CRAIG Okay. So, what we nean by failure is
conpl i cat ed?

HOMRD:  Yes.

CRAIG Yeah, good. Al right, Dave passes. You're up
Ron Lat ani si on.

LATANI SI ON:  Latani sion, Board. First, Mark, | agree
entirely. | nean, this should not be about risk assessnent
on the fly and I think your sensitivity is well-placed. But,

you know, I will say that in ny termas a nenber of this
Board, this has been one of the npbst instructive
conversations that |'ve been a part of. Frankly, | think the
candor both fromthe point of view of the Board and the
project is really, really healthy. So, despite whatever
uneasi ness we may feel, | think this is really an inportant

and a good conversati on.

Now, having said that, Mark, | want to turn to--
PETERS:. | thought you were going to ask Bo a question.
LATANISION: | want to turn to the slide which nunber |

can't find that showed the crown, the environnents--

PETERS: 18.

LATANISION:  And, I'minterested in the degree of
confidence that you--when Paul asked the question do we feel

confident that all of the other environnents are benign or
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sonmething to that effect, you were very enphatic in your
answer to that question and | just want to ask it in the
context of what the basis for that is. And, let nme just
continue by saying that if | ook at that table, it's very
clear that 4, 9, and 11 are the majority nenbers in terns of
their population. And, it happens that 4 has apparently a
nitrate presence, as does 9, and 11 has a carbonate presence.
And so, in a way, | guess, | wouldn't be too surprised that
they're relatively benign. But, if I ook at #5, for
exanpl e, which has a chloride population and no nitrates, |
wonder what evidence there is to suggest that #5 which has a
10 percent frequency is also an effectively benign

envi ronment ?

PETERS. Yeah, | was basing that on ny know edge from
hangi ng out with this guy here about what the materi al
susceptibility is in the different--where our test data is
and what the material susceptibility is in the different
chem stries. So, that's where | held it up to Joe and said
that's nore of a corrosion issue.

LATANI SI ON:  Lat ani sion, Board. Joe, if you can tell ne
that, you know, you've done sone testing in that environnent

and you see no evidence of |ocalized corrosion, then I'm

sati sfi ed.
FARMER: Yeah, actually, if we could pull up Slide 20 of
ny presentation, it's exactly |ike the sane table--



© 00 N oo o B~ w N P

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

321

SPEAKER: It's like his.

FARMVER: Yeah, it's the same table as Mark's except it
has an additional colum, | believe. Yeah, Slide 20 out of
43. Right, this one.

The first, let ne see, one, two, three, four, five
--the first five colums are identical to the table that Mrk
showed in his presentation. |In fact, that's where | got the
table. What we did is we took the solutions that we've
tested in and you see themin that last colum. W had our
geochem sts take those test solutions and bin those for us.
They told us what Bin, what representative Bin, those test
solutions fall in. So, in the cases of Bins 1, 2, and 3, we
found that those that are 5 to 8 nolar calciumchloride tests
with and without nitrate fell to a greater or |esser extent
in those various three Bins. Those are kind of the
representative Bins for the calciumchloride. And, frankly,
not terrible probable, but that's where those test sol utions
fall. And, that's where we've been spending a | ot of our
time lately. W then went back and | ooked at sone of the
earlier worst case solutions that we tested and that we
t hought were worst case at the tinme, the sinulated saturated
water, SSW which is an extrenely concentrated brine that has
a boiling point of around 120 degrees Centigrade. W tested
in that solution and we also tested in the SAWsol ution that

you're well-aware of. Those test solution when they were
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binned fell in Bins 4 through 7. Then, the others that we've
used over the years, SDW SCW and BSW fell in Bins 8
t hrough 11.

So, based upon the types of test results that we' ve
gotten over the years fromthose various test solutions, this
is the basis of probably ny comment to Mark. W found, as
you saw in some of the charts today, fairly good performance
in SSWand SAW For exanple, the SAWtests, you know, show a
very |large potential margin before we get right down to the
passive film probably the | argest of any solutions that
we've tested in. They sinulated saturated water despite our
concern--in the early days when we first fornmulated that, you
know, it had a boiling point of 120 degrees Centigrade. W
wer e thinking when you begin testing in a near-saturation
environment at 120 degrees Centigrade, you know, naybe you
were going to have sonme problens. But, as you saw in that
one polarization curve I showed you today, we tested up to
120 degrees Centigrade w thout breakdown of the passive film

So, | would say that that certainly isn't as aggressive as

t hose cal cium chl oride solutions we showed you

LATANI SION: Joe, just to follow that up, though.

FARMER:  Sure.

LATANISION: | nean, if | look at those sol utions that
are clustered in 4 through 7, | nean, three of them have

nitrates. Do- -
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FARVER: Oh, you nean--oh, |I'msorry--

LATANISION: | nean, |'minterested--

FARVER: OCh, 4 through 7, yes.

LATANISION: Right, I'minterested in #5, for exanple.
Do either SSWor SAW-are either of themnitrate free?

FARVER. | have that data. Frankly, | can give you the
exact conpositions of that electrolyte, but I have to | ook
back at a table to give you a mlligrans per liter, whatever

units you want.

LATANI SI ON: Ckay.

FARVER. And, | have that data on ny laptop if | can get
nmy | aptop.

CRAIG Ckay. At this point, it's time to call the
session to a close. First of all, two observations. No?
Time, Richard, sorry. Yeah, well, you'll be faster with your
hand next tine.

PARI ZEK: Not fair. | get the first question tonorrow.
CRAIG First question tonorrow, okay. | don't know who

the chair of it is, but you owe himone.

First of all, thanks to the staff for scheduling
all this time for discussion. | really worked out very well
and we shoul d probably [earn sonmething fromthat. A great

di scussion. And, secondly--or, actually, first in
i mportance, | found today's presentations to be the nost

conpel ling DOE presentation since |'ve been on the Board.
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They were really wonderful presentations. You guys put a | ot
of work into it and it shows. It really does show and | want
to thank you for it.

PETERS: Thank you very nuch

FARVER: Thanks, Paul .

CRAIG So, at this stage in the ganme, | think it's tine
for the public session.

CORRADI NI :  Okay. Thank you very nuch, Paul .

We have one speaker, Judy Treichel. There she is,

I"'msorry. Judy?

TREICHEL: Is this on?

CORRADI NI : Shoul d be on.

TREI CHEL: Okay. | knowit's not proper to start out
with a conplaint, but in the interests of tinme, | think it's

a mstake to put all of the public cormment at the end of the

session. You were in the mdst of a great go-around here.

You were all jazzed up. You were all part of it. And then,
it had to cut off and now go to public coment that goes back
to the beginning of the day. So, | feel like an irritation
at comng up here at--that's sort of lousy at this late, late

hour. But, 1'll go ahead because |I'm al ready here.
One tine when | cane to a Board neeting, ny
daughter made ne a graphic and it was Alice in Wnderland and

she had on a virtual reality thing on her eyes and it was

because Alice had gone through the | ooking glass and then
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she'd actually entered another dinension and that's about how
| was feeling because things got so |oony and |I've seen a
part of that here. And, part of it was in talking about one
of the real dangers of the cold repository.

Getting off of all of the scientific stuff you're
tal ki ng about was to go back to the EIS and it would result
intraffic accidents. And yet, we, in Nevada, are having a
hard time of convincing people that the nationw de
transportation of nuclear waste with thousands and t housands
of packages goi ng across the country is a danger. It just
seens as though sonme of this stuff gets into the real mof the
loony and | wanted to sort of point that out that it's a
really hard argunent to sell the fact that people want jobs
and they' Il travel out there to go to those jobs. And,
actually, this programwas first tried to be sold as a JOBS
program

So, getting away fromthat, the other thing that
bothers nme and it has for many, many, many years, for about
10 years, | tried to get people to drop the word
"stakeholder”. | finally gave up just because | got tired.
| never thought it wasn't inportant. |It's very inportant and
now it's com ng back again and |I'm going to make the pitch
again not to use the word "stakehol der". W' re always just
about this close--and for the record I'mholding nmy fingers

about a half inch apart--to having stakehol der invol venent.
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The programis nore than 20 years old or around that tine, 15
to 20 years, and we still haven't had public invol venent.
Nobody has done a decent job of ever defining what a
st akehol der was. | think G nger King many years ago said it
was sonebody who had a vested interest and a noney interest
in this program And, that may be true, but that certainly
| eaves out the public. To think that the public gets
i nvol ved because of sonething that has to do with cooperative
agreenents is berzerk. That's a working relationship. Those
are people working for the project, cooperating with the
project, and that has nothing to do with the public.

So, as we're comng down to things that are as
i nportant as other things where there should have been public
i nvol venent, don't use the word "stakeholder”. It just plain
doesn't work. Either the public gets involved in
transportation or in licensing or in whatever we've got to go

here or they don't. And, | would bet probably that they

don't.

Qual ity assurance hasn't had a big invol venent or
what it should and it still isn't there and it wasn't there
for site recommendation. W had a schedul e and we beat that

schedul e to death and they got a site recommendati on and they
rammed it through, but it beat out the quality assurance.
So, there's always just this sort of chase. And, |ast week

while we were at a technical exchange, we were hearing that
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the work on time dependency hasn't been done yet. Sone of it
hasn't even been started yet. The data is very, very

prelimnary, but the Departnent of Energy is talking about

putting together a top notch |icense application. It's
out pacing the sort of work that should have, | think, been
done during site characterization. So, | think the Board

needs to be aware of that and keep that in mnd when you're
di scussi ng these ot her things.
| would just finish by saying that |'ve got to

di sagree seriously wth Joe Farmer when he nmade the

statenment, "We'll never know everything about the materials
or about the repository, but we have to build it."” And, he
war ned people not to dwell on dire possibilities. Well,

woul d say that if we're ever going to consider the bad
possibilities, we'd better do it now And, | would also |ike
to add that we don't have to build the repository. W never
did, we don't now. Certainly, ny hope is that we never wll.
Thank you.

CORRADI NI :  Thank you, Judy. | was incorrect and |
apol ogi ze. There is an additional person with public
comment, Kevin Canps from Nucl ear Information & Resource

Ser vi ce. Kevi n?

CAWMPS: Thanks. Thanks for this chance to make a brief
comment. | just wanted to say a thank you to the Board. |
haven't been able to attend neetings recently going all the
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way back to before the Yucca Mouuntain vote. The Board's
report that cane out before the Yucca Mountain vote was very
important. Qur organization, Nuclear Information & Resource
Service, represents people who |ive near Yucca Muntain,
peopl e who live along the transportation routes to Yucca
Mount ai n, people who live near where the waste is at now, and
the public had very few places to turn to in that highly
politically-charged | ead-up to the vote for objective
information, trustworthy information, and this Board was one
of the few places where the public could turn for that kind
of information. It was very nuch appreciated. | just wanted
to convey a thank you to the Board for that.

One of the things that has really concerned out
menbership for a long time and | did speak before the Board
at a Las Vegas--actually, it was a Carson City Board neeting.

The summer of 2000, | think, it was, is the whole
transportation issue that tinme and tinme again has been
shortchanged and deferred into the future. And, | would
really encourage the Board to begin to really address that
issue as a very inportant priority because the other agencies
involved are finding it very convenient not to do that.

m ssed this norning' s presentation by the Departnent of
Energy representatives, but again it seens like a
transportation plan is going to be put forth with very little

i nvol venent of the people who |ive along the transportation
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routes who woul d be nost affected, nost affected by this
deci si on.

One specific exanple of a subject area that needs a
ot of attention is the issue of damaged fuel in the United
States. | once heard a presentation by Bill Lake from DOE at
a PATRM conference, Packaging and Transportation of
Radi oactive Materials, in Chicago in 2001 where he said the
Depart ment of Energy doesn't have nuch experience
transporting damaged nmaterial. It seens to be an issue al
over the country. There's danmaged fuel at West Valley, New
York that could be transported anytine between April 1st and
Oct ober 1st of this year. That's not the only pl ace.

There's damaged fuel all across the country at reactor sites,
el sewhere. So, | just really encourage the Board to begin to
address such transportation i ssues as that.

My organi zation and | know there's other
organi zations here in D.C., public interest groups,
envi ronment al groups, that have sim |l ar concerns about the
transportation issues, the routing, and I don't want to speak
on their behalf, but I'msure that they woul d comruni cate
their concerns to you for future neetings, as well as our
group woul d do.

Thank you.

CORRADI NI :  Thank you.

| now think we have no other public coments. Any
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1 last cooments by the Board or the Staff?

2 (No audi bl e response.)

3 CORRADI NI :  Okay. | think we stand adjourned. We'|
4 convene again tonorrow at 8:00 o' clock. See you then.

5 (Wher eupon, at 5:59 p.m, the neeting was adjourned.)



