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PROCEEDIL NGS
8:00 a. m
DUQUETTE: Pl ease take your seats. Oherw se, |I'm going
to play boots and saddl es next.

Good norning, and wel cone to the Spring neeting of
the U S. Nucl ear Waste Techni cal Review Board. For those of
you who don't know me, |'m David Duquette, and | chair the
Board's Executive Comm ttee.

Many of you have been at these neetings before, but
|"mgoing to give you a little of the background on the
Board, for those of you who are new to the neeting. The
Board nmeets three to four tinmes a year as a full Board. It
al so neets several tinmes a year in panels for specific
topics. Most of our neetings are held in Nevada, because
obviously the Yucca Mountain site is there, and about once a
year, we try to neet in Washington. Many of you have
travelled a |l ong distance to cone here, and we appreciate
your efforts to be here.

The Board was created in 1987 by the Nucl ear Waste
Policy Act. Congress established the Board as an i ndependent
federal agency to evaluate the technical and scientific

validity of activities of the Secretary of Energy related to



t he di sposal of commercial spent nuclear fuel and defense
hi gh-1 evel nuclear waste. This includes review ng DOE' s work
on the packagi ng and transportation of the waste. W're
required to report our findings and recommendati ons at | east
twice a year to the Congress and to the Secretary.

The nenbers of the Board are appointed by the
President froma |list of nom nees submtted by the National
Acadeny of Sciences. It's a nmulti-disciplinary group with a
wi de range of expertise and experience, including materials
scientists, geologist, hydrol ogi st, biologist, and so on and
so forth, nost of the sciences and engi neering disciplines
that are of interest to the site. Normally, the Board
consi sts of eleven nenbers. There are currently three Board
vacancies. W're waiting for the Wiite House to nmake those
appointnments. And, there are four nenbers of the Board who
will be rotating off the Board and we'll be expecting a
relatively new Board in about a year or so, or perhaps
sooner, dependi ng on what the Wite House does.

|'"d like to introduce the Board menbers, and |I'd
like to ask themto put their hands up as | introduce them
In ny own case, |'m Professor of Materials Science and
Engi neering at Renssel aer Pol ytechnic Institute, and | head
t he departnent there. And, ny expertise is in physical,
mechani cal and chem cal properties of materials, with a

speci fic enphasis on corrosion properties.
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Mark Abkowitz is a Professor of G vil Engineering
and Managenent Technol ogy at Vanderbilt, and he's director of
the Vanderbilt Center for Environnmental Managenent Studies.
H s expertise is in transportation, risk managenent, and risk
assessnment. Mark chairs the Board's panel on waste
managenent systens.

Dan Bullen, until recently, was Associate Professor
of Mechani cal Engineering at lowa State University. He's
recently joined the firmof Exponent with offices in Chicago.

Hi s areas include nucl ear engi neering, performance
assessnent, nodeling, and materials science. He chairs the
Board' s panel on repository system performance and
i ntegration.

Thure Cerling is a Distinguished Professor of
CGeol ogy and Geophysics and al so a Distingui shed Professor of
Bi ol ogy at the University of Uah in Salt Lake City. He is a
geochem st with particular expertise in apply geochem stry to
a w de range of geol ogical, clinmatological, and
ant hr opol ogi cal st udi es.

Norm Christensen is a Professor of Ecol ogy and
former Dean of the Nicholas School of the Environnment at
Duke. Hi s areas of expertise include biology, ecology, and
ecosyst ens nmanagenent .

Ron Latanision is Professor Eneritus of Materials

Sci ence and Engineering at MT. He's also Professor Eneritus
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of Nucl ear Engineering at that school, and he's the forner
Director of the Uig Corrosion Laboratory at MT. He is
currently a Principal Engineer and the Mechani cs and
Materials Practice Director with Exponent in Boston. His
areas of expertise include materials processing and corrosion
of netals, and other materials in different aqueous
environnments. Ron chairs the Board's panel on engi neered
syst ens.

Priscilla nelson is a 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.

Ri chard Parizek is Professor of Ceol ogy and
CGeoenvironnental Engi neering at Penn State. He's also
President of Richard Parizek and Associ ates, Consulting
Hydr ogeol ogi st and Envi ronnment Geol ogists. His areas of
expertise include hydrogeol ogy and environnmental geol ogy. He

chairs the Board's panel on natural systens.

Over to ny right is our staff, which is directed by
Bill Barnard. One of the really nice things about sitting in
this particular position, is the trenmendous anount of support

we get fromthe staff. | don't think I've ever worked with a
better group of people innmy life.
Let me turn to the nmeeting agenda. 1'Il be as

brief as possible, because we have a really busy agenda this
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norning. First, this norning, we're going to hear fromDr.
Margaret Chu, Director of the Ofice of Cvilian Radioactive
Wast e Managenent. She's going to update us on the status of
t he Yucca Mountain Program

Fol  owi ng her presentation, Gary Lanthrum OCRWM s
Director of the Ofice of National Transportation, Ofice of
Strategy and Program Devel opment will present an update of
t he transportation-planning activities. Since the Board's
January transportation panel neeting in Las Vegas, the
Depart ment of Energy has announced a deci sion on the
sel ection of the Caliente corridor. W |ook forward to
additional information related to the planning and
devel opnent of the transportation system

John Arthur, Director of the Ofice of Repository
Devel opnent for the project, will present an overvi ew of
project activities, including |ong-range plans and project
priorities for science and engineering. Wth eight nonths to
go before the DCE planned submttal of a |icense application,
the Board is particularly interested in hearing this
overvi ew.

Mar k Peters, Manager of Science and Technol ogy
Project, Bechtel SAIC Conpany, whom we haven't heard for sone
time, wll provide an update of science and technol ogy
activities. As always, we |ook forward to hearing from Mark.

John Ake, GCeophysicist with the Bureau of
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Recl amation, will provide an update on seismc design. Sone
of you may recall that the joint Site Characterization and
Repository panel neeting on seismc issues held in February
2003, that the Departnent of Energy establish ground notions
estimates for pre- and postclosure. W |ook forward to
hearing nore on these seismc issues.

After a brief break, we'll nove to the main focus
of today's neeting. In May of |ast year, the Departnent of
Energy provided a series of in-depth presentations describing
the thermal aspects of the current repository design and
operating node. Now those aspects have been anal yzed, and
the results of those analyses will be discussed at this
nmeeting. The Departnent will also provide additional
information on related topics at the Septenber Board neeting
| ast year. The Board used information fromthese neetings as
a basis for a Board letter and a technical basis report sent
to Dr. Chu last year. That letter is posted on our website
for those of you who haven't seen it. The focus of the
letter and report was the potential for |ocalized corrosion
of waste packages during the period of high tenperature in
the repository tunnels after closure. This high-tenperature
period is called the thermal pul se.

The session on waste package corrosion during the
thermal pulse imediately follows the break, and wll be

chaired by Mark Abkowitz. The goal of this and subsequent
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corrosion rel ated sessions are to provide the Board with the
opportunity to review recent new data and anal yses related to
this subject. W look forward to an open and conprehensive
exchange of views anong the neeting participants over the
next two days.

To save tine, | will only outline the session
topics and presenters in very general terns. The session
chairs will cover the session topics in nore detail and fully
introduce the presenters. Let ne begin by saying it's
unusual , but not unknown, but Board nenbers to nmake
presentations during our own neetings, and we intend to do so
here. Three Board nenbers will make presentations. The
pur pose of these presentations is to summarize the Board's
views, particularly for sone of you who have not seen a
letter or haven't |ooked at it for sone tine. It will be a
very brief summary of what is basically in the letter to Dr.
Chu and our subsequent backup docunent.

Ron Latanision will open the first session with an
i ntroduction and overview, followed by a presentation by
Thure Cerling on the evolution of the environnents in the
repository tunnels to which the waste packages will be
exposed. | wll conclude our series with a presentation on
corrosion. A question and discussion period will allow
nmeeting participants to ask additional questions or coments

on the Board presentations, the letter and the report.
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After lunch, staff fromthe NRC and the Center for
Nucl ear Waste Research and Analysis will present their views
and recent research on the potential for corrosion during the
thermal pul se. Subsequently, over the course of the
afternoon, the State of Nevada, followed by the Electric
Power Research Institute will make presentations on the sane
topics. At the end of each group of presentations, tine wll
be made for questions and discussions. | wll warn you now,
however, it's such a busy neeting that that discussion period
wi |l probably not be I ong after each presentation.

On Wednesday, the DOE will present relevant views,
data, research and analysis. Priscilla Nelson will chair
this session and introduce the presenters and presentation
topics. Dr. Chu will nmake the first presentation of the day,
foll owed by the DOE project staff. Priscilla Nelson wll
al so chair the afternoon session. DCE presentations wll
continue through the afternoon until approximately 4 o'cl ock.

A short wrap-up session will provide neeting participants
with the opportunity to nake brief final comments. This wll
be followed by a final public coment period.

As |'ve just indicated, we have a lot to cover in
two days, so to make sure we hear from everybody, it's
important that neeting participants pay particular attention
to the ground rules, by including staying on time with their

particul ar schedul es.
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Bef ore we begin, we need to take care of several
business itens. First, the Board val ues public
participation, and, so, we 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 Al vina Hayes are seated at the table
| ocated at the back of the room Linda and Alvina, please
identify yourselves for those of you who need to register for
publ i c di scussion.

Most of you that have attended our neetings know
that we try to acconmodate everyone during the public conment
period, but with this tight an agenda, there may be people
who won't get a chance to speak. W always welcome witten
commentary. |f you have any question that you'd |ike to have
the Board ask related to topics being discussed, please give
themto Linda or Alvina. Session chairs will, if tine
permts, address your questions, however, it may not be
possi ble to answer all of the questions that are asked, or
even ask all of the questions that are submtted.

As al ways, | nust offer our usual disclainmer for
the record, so that everybody is clear about the conduct of
our neeting and what you're hearing, and the significance of
what you're hearing.

Qur neetings are spontaneous. That's by design.
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Those of you who have attended our neetings before know t hat
t he Board nenbers speak quite frankly and openly about their
interests and opinions. | have to enphasize that when we
speak extenporaneously, nmenbers are speaking on behal f of

t hensel ves, and not on behalf of the Board. Wen we have a
Board position, we'll let you know, and it will generally be
publ i shed. Al so, when Board positions are stated in our
letters and reports, they are nmade avail able, as | indicated,
on the website.

Finally, I'"lIl ask all of you to take the next 15
seconds to confirmthat your cell phones and pagers are
switched to silent node. And, | want to enphasize that
because it is, as you all know, very disruptive to have them
go off in the mddle of the neeting. | have to check ny own
when | sit down.

| was al so asked to remi nd you that the m crophones
inthis roomare very limted in range, and, so, be sure to

speak directly into the mcrophone. And, if | haven't done

that this norning, | apol ogi ze.
Let's start the neeting by introducing Dr. Margaret
Chu, Director of the Ofice of Cvilian Radioactive Waste

Managenment. She will update us on the status of the Program
Margaret, if you would, please?
CHU:. Good norning. Thank you for everyone attending

this nmeeting. It's really a full house here. 1'ml ooking
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forward to the presentati on and di scussions over the next two
days. 20 years, how about that. Yeah, two days.

As m ght be expected during this inportant year of
i cense application preparation for us, our office has nade
progress in many areas since our |ast Board neeting. And,
woul d i ke to begin by discussing key managenent topics, as
usual, before turning to the nore technical itens on the
agenda.

First, please let nme introduce John Wengl e.
don't see John. Ckay, John Wengle over there, our new
Director of Science and Technol ogy and International Ofice
at Headquarters. John was previously with the Ofice of
Sci ence and Technol ogy under the O fice of Environnental

Managenment at DOEM He just cane over not |ong ago, and they

were pleased, by filling that position.
Now, staff realignnments have taken place at the
O fice of Repository Devel opnment to support inproved

integration and project managenent at the O fice of
Repository Devel opnent, which John Arthur will tell you about
inalittle bit. Additionally, the firmof Hunton and
WIllians, based in R chnond, Virginia, is now under contract
to provide |l egal services throughout our |icensing process.

For many years, the Departnent has naintained a
goal of beginning to receive waste at a |licensed Yucca

Mountain repository in 2010. Many activities wll have to be
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conpl eted over the next six years for this goal to be

achi eved, and sufficient funding will have to be provided and
sustai ned to support repository |icensing and construction
and transportation system devel opnent. As you all know, our
focus this year is to prepare a high quality license
appl i cation.

We are |l ooking forward toward a very busy sumrer to
conplete the remaining work, but we are commtted to devoting
the tinme and effort necessary to neet NRC s requirements and
our own high expectations. One recent exanple of this
commtrment is the recent reassignnment of a fair sized group
of staff nmenbers to a concentrated review of our technica
products for clarity, transparency and sufficiency. W
initiated this review with respect to observations that were
made by the NRC during its technical evaluation of analysis
nodel reports, AVRs, and then also the review of certain
processes and the corrective action program

At the |last Board neeting, | provided details on
our inplenmentation of w de-rangi ng managenent i nprovenents.
Qur approach to many of these inprovenents was defined in the
Managenent | nprovenent Initiatives you have heard before,
whi ch we undertook in 2002. In April of this year,
informed the NRC that we had conpleted the comm tnents nade
in that particular initiative, and had transitioned the

conti nuous i nprovenent goals to day-to-day |ine managenent
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practices. This followed a conprehensive review, conducted
by an i ndependent firm which verified that responsible
managers had denonstrated evi dence of conpletion for each of

the actions, and we had appropriately made the transition of
responsibility to |ine managenent. That was really our goal.
So, it becanme a day-to-day inprovenent.

Thr ough these inproved nmanagenent practices,
clearer roles and responsibilities, and a Programw de focus
on principles, such as quality, accountability, and safety-
consci ous work environnment, we have resol ved | ongstandi ng
probl ens and advanced the program For exanple, at the |ast
Board neeting, | told you about our first externally
adm ni stered safety conscious work environment survey was
ongoing. Now, | can report that the survey firmrated our
of fice work environnment as substantially better than simlar
government science and technol ogy organi zati ons, and that
we're continuing to do survey on a periodic basis. W have
al so closed two | ongstandi ng, very |ongstandi ng, Condition
Reports, these are terns in the Quality Assurance Program on
two things. One is data, another software. And, that we are
on a path to close the nodel validation Condition Report,
that's another, the last remaining |ongstanding Condition
Report, and we are scheduled to close that sonetine in the
sunmmer .

We have seen neasurabl e inprovenents in the
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i npl enentation of quality assurance requirenments, process
adequacy, self-identification of conditions adverse to
quality, and in the planning, inplenentation, and
verification of corrective action. Overall, | really believe
trends are going in the right direction, and | believe we
have the ability to resolve our remaining issues and prepare
a license application with the clarity, conpleteness, and
traceability required for it to be docketed by the NRC

The final management topic I would like to cover is
program fundi ng. The President's budget for Fiscal Year '05
i ncluded $880 nmillion for our office. The main factor
driving this request level is the convergence and integration
of repository readi ness, transportation system devel opnent,
and waste acceptance readiness. Significant work nust be
done in all three areas starting in '05, if we are to sustain
our | ongstandi ng goal of beginning repository operations in
2010.

$880 mllion is a significant increase over the
past funding levels, but it is one that has been pl anned
carefully and understood for many years, and this is only the
first of several years of higher funding requirenents down
the road. W have reached a point where appropriations at
historical levels will no | onger work. As part of OW's
budget request, this year, we have submitted a | egislative

proposal that will allowit up to the anbunt of Nucl ear Waste
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Fund annual revenue received fromutility contract holders to
be reclassified frommandatory receipts to discretionary
collections, so that they would directly offset
appropriations fromthe Nucl ear Waste Fund.

The inmportant point is the anount credited as
of fsetting collections would still be subject to
Congressi onal appropriations, there's a |ot of confusions out
there, but, it's still subject to Congressional
appropriations, but could be appropriated within the anounts
of receipts wthout reducing the funding that would be
avai l abl e for other federal prograns. One of the voids is
the conpetition with other progranms for funds. That's really
t he key. Many Congressional |eaders recognize the inportance
of the repository programand the fundanental principle of
usi ng taxpayers' disposal fees for their intended purpose.
We don't know what the outcone of the |egislative proposal
is. At this time, we are proceedi ng under the assunption
t hat adequate funding will be provided for |icensing, planned

transportati on work, and other activities supporting the 2010

goal .

Now, turning to the agenda of today and tonorrow,
I"d like to touch on some of the topics that other speakers
will address in depth |ater.

Right after ny remarks, Gary Lanthrum our Director

of National Transportation Program wll provide a
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transportation update. | amvery pleased with the progress
we have made in Fiscal Year '04. After several years in

whi ch transportation work was deferred over and over again
due to funding limtations, Gary has reactivated the program
has made significant acconplishnments in a short tinme. Since
the | ast Board neeting, the Departnent issued the
Transportation Strategic Plan, issued a Nevada rail corridor
preference announcenment and Record of Decision, issued a
Record of Decision identifying nostly rail as our chosen
transportation node, and initiated the EI'S process wth a
Notice of Intent and scoping hearings. The scoping public
heari ngs we just conpleted yesterday. There were five of
themtotal. Gary will also tell you about an ongoi ng
assessnent of existing transportation casks that support the
cask acqui sition process.

John Arthur, Deputy Director of our Ofice of
Repository Devel opnent will discuss our |icense application
progress in detail later this nmorning. Mark Peters, from Los
Al anos National Laboratory, will, as he has done in the past,
provi de an update on the Yucca Muntain Project's ongoing
science and testing programin support of the license
activities. | do want to enphasize that we do have quite a
bit of ongoing and planned scientific prograns.

Al so, the Board has had considerable interest in

our work in the seismc area, especially in the | ow



© 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

22

probability and the ground notion. John Ake later will give
you an update on our latest work in this area, in the | ow
probability, and how we're treating it right now

Now, nost of the time allocated to our Departnent
at this Board neeting will be devoted to the topic of
potential waste package corrosion during the thermal period.

| have read and understood the Board's letters and its

report on this topic, and I hope that tonorrow s
presentations fromour office will show that we are giving
very serious consideration to what the Board has to say. CQur
seni or managenent and key nenbers of our technical staff are
here to listen to the Board' s views, as well as views and
research by the NRC, the State of Nevada, and the Electric

Power Research Institute.

After receiving the Board's technical report on
wast e package corrosion in Novenber 2003, | provided the
Departnment's prelimnary views in a letter dated Decenber 17.

We as a Program have spent significant time in analysis of
your letter and report. | would like to start by
acknow edging the effort and tinme the Board has made in

anal yzing and explaining in detail the issues and concerns
you have associ ated with waste package corrosion, especially
during the thermal period. This report really helped us to
better understand how our | ogic, data, and presentations

could be enhanced to address your concerns. | personally
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have worked with our staff to determ ne how to address these
concerns, and have been directly involved in focusing new
work to get to the heart of resolving our differences. W
have done additional tests, additional analysis, many that
are directly focused to answer Board questi ons.

In our presentations and briefings tonorrow, you
will see additional data and further evidence that we believe
t hat substantiates our previous position that corrosion wll
not only not be w despread, but also very unlikely. Senior
scientists from BSC and Law ence Berkeley Lab will provide
detail ed technical presentations on our analysis of likely
repository conditions. That's tonorrow. And, ny advisor on
corrosion science, Dr. Joe Payer, who is a well-recogni zed

expert in corrosion from Case-Wstern Reserve University,

wi || discuss the corrosion behavior of the waste package
material, Alloy 22, again, tonorrow.

| want to enphasize that although our positions may
differ, | believe this open scientific interchange is
extrenely valuable to us, and we are here to |listen and share
and to discuss. | thank the Board for devoting its neeting
to such extensive consideration of this inportant topic. In
addition to exploring the individual processes that would

occur in a repository, we nust al so consider the probability,
consequences, and uncertainties associated with these

processes, and integrate the anal yses of individual processes
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into a total systemview This is what NRC s ri sk-based
regul atory framework requires, and that's what we are, the
whol e Program is working toward. And, it is what DOE nust
provide to NRC to denpnstrate a reasonabl e expectation that
the repository will operate safely. This is a very inportant
point that | want to enphasize, so tonorrow, | will make a
short, ten mnutes, presentation on this specific topic

t onor r ow nor ni ng.

Thank you. And, I'll be happy to answer any
guesti ons.

DUQUETTE: Thank you, Margaret.

Unl ess there's a burning question fromthe Board,
we're already a few mnutes late, this is sort of |ike an
Abkowi tz neeting, so |I'mgoing to thank you, Margaret.
think we're going to nove on with the program

Wth no disrespect neant for the speakers, we

normal Iy introduce them and give a short biography. There's

so nmuch to do this nmorning, | think we'll only introduce
them and have them cone up, and |, again, with no meaning
for disrespect, |I'll announce themfromhere so we don't
wast e even those few seconds.

The next speaker is Gary Lanthrum Director of
Nati onal Transportation, Ofice of Strategy and Program
Devel opnment for OCRWM and he's going to give us a

transportation update.
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LANTHRUM In the interest of maintaining the schedul e,
| will forego the hunmor this norning, and junp right into the
present ati on.

Since the last time we net, one of the things |
started off with was a di scussion of major mlestones that we
were going to be pursuing. At the last tinme | gave an update
to the Board, we already had a nunber of these done. The
first three of these had already been issued, the creating a
transportati on managenent approach that was focused on
projects rather than just on ongoing work, devel oping a
transportati on scope based on the avail abl e budget, and
i ssuing the Transportation Strategic Pl an.

What we' ve done since then is we've begun working
with state regional groups on specific targeted projects. 1In
the past, our relationship with state regional groups, for
t hose of you that may not be aware, to facilitate nore
appropriate transportation planning in dealing with the
states. W have individual state relationships, and we
certainly will maintain notifications on a state by state
basis for any shipnents that are done, but, to do really good
pl anni ng, you have to do it in a regional context. So, where
a route enters and | eaves a state, connects with entry and
exit points in adjacent states. And, so, we have state
regi onal groups that conbine a regional focus and help us to

do integrated planning a little bit better.
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In the past, we had just blanket funding that was
provided to these state regional groups to provide a cross-
cutting |l ook at our prograns, and advice. Wat we would
chall enge themto do this year is to come up with specific
projects that they are interested in that would facilitate
their ability to address concerns they've got, and at the
sanme time, help nove the transportation planning process
forward

Qur fiscal year for the state regi onal groups runs
alittle bit different than the federal fiscal year. The
contracts for themrun fromJuly through June. W are
wor ki ng closely with the state regi onal groups, and expect to
have sone of these specific projects that they have asked to
focus on in place before the July update to their cooperative
agreenents. We net just recently at the Transportation
Ext ernal Coordi nators working group in Al buquerque, and the
representatives fromthe state regional groups, as well as
fromindustry and several tribal representatives were there,
and we tal ked about this focused project approach, and it
recei ved consi derabl e kudos fromthe assenbl ed audi ence, and
fromthe state regi onal groups, because it helps them nore
directly address the things that they are concerned about,
rather than staying nore general in their approach.

A fine exanple is there's a significant difference

bet ween state regional groups on their thoughts on barging
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operations to get fromsites that don't have rail access to a
rail head. States in the m dwest are adamantly opposed to
bargi ng on the Great Lakes, however, states in the southeast
that have plants along river sites that may not have rai
access are very interested in barging. And, so, the southern
states, and now the northeast states, have expressed a
significant interest in doing a barge study on the viability
of that as a way of getting rail sized casks from shi ppi ng
sites that don't have rail access to a rail head. And, so we
are able to accommpdate the needs of the northeast and the
sout hern states w thout inpacting adversely the m dwest
states that are opposed to it. W' ve got a nunber of other
projects, and | can talk about those in nore detail a little
bit later.

W' ve al so begun building up the transportation
infrastructure that's going to be necessary. 1'Il talk a
little bit nore | ater about the actual cask devel opnent
effort that we've got underway. W received a nunber of

guestions and sone concerns have been raised by the Board

about the tinme it will take to get casks in place to nove the
contents that we've got. | think when we get into the
detail ed slide about our cask project, you will have a better

appreciation for what we've done in working both with the
i ndustry and with our custoners to nmake sure that we wll

have the assets necessary when shipnents start in 2010.
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We di d announce our record of decision, as Margaret
i ndi cated, on both our node of transportation, which is now
nostly rail, and our corridor selection for where to build
the rail line within Nevada. And, in parallel with that, we
issued a Notice of Intent on devel opnment of an EIS for
alignment of the rail line within the Caliente corridor,
whi ch was sel ect ed.

Where are we going fromhere? W're going to be
busy. We've got a |lot of questions fromthe Board about the
basi c project planning and desire to see Gantt Charts, for
exanpl e, that define both the actual tasks that will be
necessary to be successful in our transportation planning,
the resources required to support those tasks, and the
schedul es for executing them

We have to be careful about not putting the cart
before the horse. Wat we're working on right now, what
we' ve done in a lot of detail, is we've developed a |ist of
significant mlestones that have to be achieved. A prine
exanple is on the Nevada Rail Alignment. W know that we've
selected rail, nostly rail, as our node of transportation.

We are just now, as Margaret indicated, conpleted our scoping
nmeetings. The scoping period extends through June 1. So, in
addition to the scoping neetings, we are still taking witten
comments, and for a nunber of stakehol ders, were able to cone

to the scoping neetings. |In sone cases, a scoping nmeeting is
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a way for individuals and organi zations to kind of gel their
i deas about the transportation systema little bit nore.

They can see sone of the displays, sone of the alternatives,
the layout. Many of them give coments at the scoping
meetings. Oher individuals will go home and think about it,
and then submt comments |ater on.

Qut of all this, at the end of the scoping process,
t hose scoping comments will go into hel ping define the scope
of the EISitself. That's going to determ ne the duration of
the EI'S. R ght now, we don't have the scope marked down in
stone, and it won't be until the EIS process itself is
conpl eted, and we've issued a Record of Decision on the rai
alignment, and on the other issues that are raised as part of
t he scoping process, that we will be able to develop a
per formance specification and a detail ed baseline for the
actual construction of the railroad. And, so, we've got
m | estones. We know where we want to be at given points in
time along the way.

VWhat | can't do is say here is the exact schedul e
for building a railroad, because | don't know the scope of it
yet, and | won't know the scope of it until we conplete the
EIS. The EISis going to say where exactly within the
corridor that we've selected the rail is going to be
constructed. And, so, there are a |ot of unknowns now, and

it's inportant that we've identified the mlestones that
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we're working towards. But, as we get nore detail ed
definition of a scope itself, and a nore detailed definition
of the resources required to execute that scope, the
schedul es associated wth executing that scope are going to
change, and that will generate the kind of Gantt Charts that
were requested by the Board.

We're al so working on project execution approval
for our acquisitions. Wthin the Departnent of Energy, there
is an order that defines how we manage projects, and that's
what they call a CD process. It's a Critical Decision
Process. The first Critical Decision along the way is
basically the approval of the project itself, and you enter
that with a ball park duration and scope definition that
bounds what you think the project is going to be. Once you
get approval based on that broad definition of the size of
the box the project is going to fit in, you go off and do a
| ot of detailed analysis and you cone back at a | ater point
for what's called CD2, Critical Decision 2, which is actually
t he authorization to do the final design, and then CD3 is the
aut hori zation to build whatever the project is.

What we're going forward with is the CD1
perm ssions to allow us to develop the nore detailed anal ysis
that woul d be presented in the CD2 context. And, we've got a
fairly good set of background information, and details on

talking to the energy system s Acquisition Advisory Board,
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who actually gives us the approval to proceed with the
proj ect .
The big ones that we're working on right now are
the Cask Acquisitions, the Support Facility decisions, and
some deci sions on noving forward with Nevada Rail, just again
on that overarching size of the box, what is the general size
of the project, and what's the general duration of the
proj ect for execution.
We have begun devel opment of the EIS process, as
|'ve already discussed. W' ve been through the scoping
neetings. W' ve had about 400 people attend the neetings.
We had three neetings along the Caliente corridor within each
of the counties that the rail |ine passes through. The first
was in Amargosa Valley, the Nye County, the term nus county.
The second neeting was in Coldfield in Esneral da County, and
the third neeting was in Caliente and Lincoln County, the
starting point for the Nevada Rail Line.

W were requested by the State of Nevada to add two
addi ti onal neetings, which we did, and we extended the
scoping period also in deference to the Nevada request. The
addi tional neetings were added in Reno and in Las Vegas. The
Reno neeting was held | ast week. Surprisingly, there were
fewer people at the Reno neeting than there were at the nore
renmote neeting |locations along the Caliente corridor itself.

We only had about 45 people show up for the Reno neeting.
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Last night, we held a neeting in Las Vegas, and as you can
well imagine, it was well attended. W had about 125 people
attend the Las Vegas neeting, and we got |ots of good
comments, |lots of good discussion | guess is probably a
better characterization.

Not everybody, as you can well imagine, is in favor
of us nmoving forward with this project, but we got lots of
good comments. And, interestingly enough, even the folks
that were opposed to the project itself, were favorable of
the format where we held the scoping neetings. It was not a
construct where there was a podi um and presentati ons given.
There were people allowed to wander through an area where
they were able to collect technical information about the
scope of the project, and the basic approach and the process
for getting the EIS in place. Then, there were four folks
that wanted to give witten testinmony. There was a nunber of
court recorders available there to give their witten
testinmony--or, their verbal testinony to, and if you wanted
witten testinmony to turn in, there was a basket for that.
Then, there was just a |l ot of people there available to do
guestion and answers w th.

So, it was a successful format, and I think all the
peopl e that participated appreciated the fact that it was a
format that supported open and frank di scussion. And, so,

"' m hoping that out of all of this, we'll have sone good
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comments that will shape the conduct and the scope of the EI S
itself.

And, I've already talked a little bit about
i ncreasing the focus of the institutional collaboration on
specific transportation projects that they thensel ves want to
pursue, and that's noving forward nicely.

The four main projects that we have, and |'ve
tal ked about this with the Board before, we have four
projects. The first is the Fleet Acquisition Project. It's
buying the rail casks, buying the rail cars. There wll be
some truck casks that we will need, because even under the
nostly rail scenario, there will be some truck shipnents,
sonme possibly fromsites that don't have rail access, and
choose not to use either heavy haul or barge shipping to get
fromthe site to a rail head. And, in that case, they would
have the option of using | egal weight trucks for the shipnent
all the way.

W issued a supplenment analysis back in the early
April time franme that addressed the possibility of putting
| egal weight truck casks on rail cars, and transporting them
to an internodal facility |ocated sonewhere, and then doing a
| egal weight truck shipnent fromthat internodal facility to
the repository. And, that is an option that's available, and
it was actually analyzed in fair detail in the original

repository EIS. The supplenent analysis just validated the
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fact that that had been one of the activities that had been
studi ed, and that the inpacts of that possibility had been
taken into consideration in the original EI'S, and, so, just
letting fol ks know that that was sonething that was being
| ooked at as a possibility, if in fact rail was not conpleted
by the tine the repository opened.

There's an Operational Infrastructure Project.
We've got a lot of interesting work going on here. The
Operational Project, a lot of folks see a dichotony between
the termoperation and project. There's usually a split.
Operations are operations, and projects are projects. Wll,
since we don't have an operational systemin place, the
operational project is the effort to build the infrastructure
necessary so we can get to the point where it transitions to
operations, per se.

And, sone of the things that are involved in this
are security planning, developing the concept of operations.
A nunber of the studies that we are doing are being
supported through the operational project. W are supporting
the NRC s package performance study, and | think some of you
m ght have seen that this week, the Nucl ear Regul atory
Conmi ssion canme out with their selection of their test plan.
They are now devel opi ng the test schedul e and resource
requirements for their effort, and we are supporting that.

| " ve had sonme discussions with Dr. Papereillo and others in
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the NRC s research and devel opnent arena. What they're
| ooking at is whether or not they would possibly be able to
accelerate their testing programif we were able to provide
support to themthis year. They're taking a serious |ook at
that currently. |['ve got ny fingers crossed and hopeful ly by
provi di ng support early and maintaining that support, there
may be a chance of accelerating their schedule, which right
now calls for conpletion in the 2009 tinme frame.

On the security front, there's been a | ot of
interest in that arena. | can't go into a |lot of details,
but I can tell you that we've had neetings wth the
Departnment of Honeland Security, with the Nucl ear Regul atory
Comm ssion, and with the Departnent of Transportation. As
you are probably aware, the Departnent of Honel and Security
has required devel opnent by federal agencies of critical
infrastructure protection plans, and they have a critical
infrastructure protection plan for each sector of the
econony. And, the nuclear sector of the econony, the NRC, is
responsi ble for the plan. That plan includes nucl ear plants,
nucl ear materials, nuclear waste, and all aspects of dealing

with those contents and those sites.

In the earlier draft of that plan, Transportation
was not included. In our |ast neeting several weeks ago with
DHS, the NRC and DOT, a decision was made to include

Transportation in NRC s plan, particularly for category 7
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hazardous materials, which is, you know, the radioactive
materials.

DOT also has a critical infrastructure protection
plan that they are working on, and their sector of the
econony that they're focused on is transportation, and they
wi |l be addressing all other hazardous cargos. And, in fact,
Ri ck Boyle fromthe Research and Special Projects
Adm nistration within DOT is helping craft the |anguage of
the Transportation piece of the NRC s plan to make sure that
there's no split between the approach in the NRC plan and the
DOT pl an.

In addition, we've worked with our own O fice of
Safety and Security. Wiat we're developing nowis a
transportation specific design basis threat. W've got a |ot
of time to work on that, and I would fully expect the design
basis threat woul d change possibly significantly between now
and the tinme that we actually start our transportation
oper at i ons.

The inmportant thing to note, though, is that we are
working with the security world in |ooking at both the
nati onal inpacts of our small piece of work in the overal
context of transportation in this country. W are a very
smal |l drop in the bucket overall conpared to the nunber of
hazar dous goods that are noved around this country every day,

and yet there's going to be a lot of focus on our shipnents.
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What we have to make sure of is that the security approach
that we take is consistent with the security approach that is
bei ng advi sed by the Departnment of Transportation and the
NRC, and it nelds well with the Departnent of Honel and
Security's expectations.

DUQUETTE: If you'll please take your seats. And, Gary,
let me turn it back over to you

LANTHRUM  Ckay, thank you.

| was just tal king about the institutional project

when sonebody deci ded that was not a subject that | needed to
dwell on, so | think I'll junp on next the Nevada
Transportation Project, which is one that everybody should be
pretty famliar with. That's what's been getting nost of the
attention here lately, and is driven by the fact that we've
made the decision to use nostly rail as our transportation
node, and required the selection of a corridor within Nevada
to build a railroad. And, now, we are deeply enmassed in the
scopi ng process for the EIS that will define exactly where
within that corridor the rail line would be constructed, and
all the other details associated with that, the design, the
construction, the operation, and possible eventual
abandonment of that rail |ine, since the transportation
requirenents for actually bringing waste in woul d be
concl uded after 24 years.

|'ve got a list of sonme m|estones here, but we've
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al ready gone over these, the fact that we've nade the

deci sions that support where we are in the EIS currently.

This is alittle bit nore inportant chart to see, perhaps.

It shows the basic organization of the transportation program
office. Transportation here, there are, again, the four main
projects that we've got, the institutional project,
operations, the fleet acquisition, and the Nevada Rai

proj ect .

What infornms how t hese projects get executed is a
couple of things. One, is on the waste acceptance side, and
| know t here have been a nunber of questions raised about
wast e acceptance itself, and the interactions with the
utility community, the Departnent is in the process of trying
to define or update informati on about what utilities would be
desirous to ship when. W' re expecting sonme updates here in
the not too distant future. But, there's obviously a very
clear driver frommy perspective over what's going to be
shi pped when. Wth the fact that even when we get updates on
what's going to be shipped when, the utilities have the
opportunity to change what they're going to be shipping as

early as six nonths prior to the shipnent itself.

And, so, even when we get updated information about
| ong-range plans, when the actual execution cones around,
there's still a fair anobunt of uncertainty. So, what we're
doing to bound that uncertainty on the Fleet Acquisition, we
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are | ooking at procuring casks and rolling stock capability
to bound the majority of what shipnents could be requested
initially.

So, we are going to be relatively inpervious to the
decisions that are nmade overall on the |eft-hand side here in
our ability to support sone shipnents initially, regardl ess
of what those shipnents are. So, again, our goal is to build
a very broad based capability with the casks that we procure,
with the rolling stock that we procure, and ultimately, with
the contracts for operations that we procure, and, thereby,
somewhat mtigating the inpacts of |ast m nute decisions that
can be made fromthis point.

We are also inpacted by the repository, and what
they' re capable of receiving, what they' re geared up to
receive, and the mx of receipts that they would |like to see.

And, again, the sanme basic approach of a broad based
capability down here will serve whatever decisions are nade
and what ever changes are nade, again, both on the repository
side and on the waste acceptance side.

The final external driver, and it's one that we had
a two-way relationship with nore than a one-way, is with our
st akehol der communities. And, again, we've got this
interactive process going on with the state regional groups,
but we have ot her stakehol ders. W have the industrial

st akehol ders that are actually going to be providing sone of
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the requirenents, the casks, the rolling stock. Utimtely,
there will be operations contractors that we'll be dealing
with, and there will be a fair amount of two-way negotiation
with them W have the states, we have the tribes. There's
a whole slew of interested parties that we will be working
with, both as we go through the devel opnent of the
infrastructure itself, and as we do our concept, devel opnent
of a concept of operations. There's a |lot of give and take
there, and all of that work winds up informng the actual
execution of the projects that we wind up putting in place.

Here is a very high level |ook at the significant
m | estones for each of our four projects. They' re broken
down, National Transportation Project, a Nevada
Transportation Project, which is the way that at |east OVB
sees our funding requests. They see three major projects for
the Ofices of Radioactive Waste Managenent. There's a
Repository Project that John Arthur is responsible for.
Then, there are two Transportation Projects, the National and
t he Nevada.

Under the National, we've got our Fleet
Acqui sition, our operations, a Fleet Managenent Facility,
which is actually nore broad than that. There's a whole slew
of support facilities that will be required to support the
transportation infrastructure. And, there's the

Institutional Project. And, again, ultimtely, the



41

Institutional efforts will becone operational in nature, but
we're still building the basic infrastructure and the
relationships that will allow us to get to that, the
oper ati onal node.

On the Nevada Transportation side, we've got the
actual Mode ROD, and that's not a schedule, that is a
m | estone that was achieved. What we're doing now i s working
on devel opnent of the alignnment EIS. W' ve got a few
m | estones for that here. And, then, ultimately, that wll
lead to rail design and construction. W're anticipating
that the rail design and construction process is about a four
year evolution, but we won't know for sure until we conplete
the EI'S and i ssue a ROD and know exactly what the alignnent
of the rail line is and what the input has been provided on
how that rail |ine would be operated and conduct ed.

And, again, that's nore than a little bit of an eye
strain here to try and see what's up on the chart. Wat |
wanted to enphasize is the fact that we've done a | ot of
detail ed task di scussion supporting mlestones. And, to
cover a bit of that, 1'mgoing to go into one particul ar
task, and |I've provided a nunber of these in your handouts,
and in the presentation materials, and it woul d probably
ultimately be nore beneficial for you to spend tine | ooking
at this electronically where you can blow it up and see the

details. But, | wanted to give you a feel for the |l evel of
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effort that's gone into each of our projects, and the cask
acquisition is a good exanple.

What we started off doing was back in January of
this year, we issued a Notice of Intent, Notice of
Programmatic Interest, to the industry as a whole through Fed
Bus Ops, and said we're interested in acquiring casks, and if
you as a vendor have ever had a type B certificate, which is
a kind of certificate that our casks will have, fromthe NRC
and if you are interested in possibly providing casks to us
for our work, come talk to us. W had seven vendors express
an interest to cone in. W held neetings |ater that nonth.
They were very good di scussions. And, in fact, the
di scussions we had with the cask vendors gave ne a nuch
better feeling about the work we had ahead of us than | had
antici pated before they cane in.

| had anticipated that our capability to bound our
wor k scope with existing casks was probably sonewhere down
around the 20 to 30 per cent coverage of the materials that
we needed to ship in 2010. The cask vendors assured us that
t he nunber was closer to 70 per cent of what we needed to
ship could be covered by existing hardware, either through
existing certificates, or wth existing hardware where the
certificates would be nodified to add additional content.

And, so, what we're |ooking at nowis three basic

paths forward. There are casks existing hardware, where
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there is an existing certificate, and that would allow us to
ship sonme--changes with the NRC. W could actually | oad

t hose casks up, and depending on whether it's a rail cask or
a truck cask, put it on the appropriate conveyance and nove
it to the repository.

There are sone casks where the hardware is
sufficient, but the certificate does not adequately bound our
needs, and it's a, relatively speaking, a relatively sinply
approach for the vendor to add additional contents to their
certificate, make an application to the NRC. The NRC at that
point is not review ng the whole design. They're only
review ng the application of that design to a specific
content. And, so, the turn around time for that kind of an
application is far quicker than the application of a new
design conpletely from scratch

The third option is that there would be a need in
sonme cases for conpletely new designs, and clearly, the
tinmeline for conpleting a design, submtting it to the NRC,
to have the question and answer process resolved to the point
where the NRC could issue a certificate of conpliance, that
clearly is the longest |ine process for any of the options
out there.

Now, the neetings we had with the cask vendors were
one on one neetings where they discussed fairly openly with

us what they thought they could do, and we antici pated that
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t hose di scussions would in many cases be seen as nore of a
sales pitch than anything. So, the next step, rather than

t ake everything on face value, is we worked out with sone
procurenents to try and buy cask capability reports, and what
those are is essentially getting the vendors to put in
witing what they had conmunicated to us verbally. And, what
we're doing is we're asking the vendors to take a | ook at al
the materials that will be available to be shipped in 2010,
and map what they currently have to those contents, nmap what
they currently have and think could be nmade nore broadly
acceptabl e by changing just the certificates to those
contents, and show what contents we will have in 2010 t hat
woul d require conpletely new designs on their part to be able
to support.

The procurenents for those reports are expected to
go out here in the very near future. W did get all the
applications in. W have edited them W' Il be nmaking the
awards here in the not too distant future, and we're
expecting the actual reports thenselves to cone back this
summer. That will help give us a very clear fram ng of
what's going to be needed to nmake sure that we have that
broad based capability | tal ked about in 2010 to acconmopdat e
any last mnute changes in shipping plans that are nmade by
the vendors, exercise the options that they have under the

Nucl ear Waste Policy Act.
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W' re expecting in the 2005 tinefrane, based on the
information that we get fromthese cask capability reports,
to again | ook at possibly expanding the capability of sone
exi sting casks by authorizing sone vendors, actually
procuring design services to expand the capability of their
exi sting casks with revised certificates.

And, possibly sone additional design work would be
authorized if we have very long | ead tasks that we would
antici pate woul d be needed initially, and the inplications we
got fromour neetings in January with the vendor comunity
was that we would be able to provide that broad-based
capability w thout any new from scratch designs. But, if
after the final witten reports cone in, we feel that we
shoul d have sonme new designs in hand to start shipnents in
2010, we woul d also start that process in the 2005 timefrane,

and start initiating cask fabrication in 2006. Again, it's a

phased approach. It let's us |look at what the options are
currently. It let's us nmake advances w t hout major
commtnents of funds as we | ook at certificate nodifications.

Again, all the tine expandi ng our know edge of what the
utilities desire to ship before we commt ourselves to actua
fabrication of casks.

And, the fabrication, again, we're |looking at in
the 2006 time franme. We would expect deliveries of Category

A casks, and the Category Ais the existing designs with
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existing certificates, possibly as early as the |late 2006,
early 2007 tinmefrane. Those early deliveries would be to do
training exercises with sone of our stakeholders. W also
have a fairly significant scope of work in developing rolling
stock that nmeets the Association of American Railroad
St andards for noving spent nuclear fuel and high-level waste.
There is a very detailed dynam c testing programrequired
for cars certified to neet that standard, and it would be
very hel pful to have a couple of casks on hand that could be
| oaded with dumry product for that testing. But, we would
i ke, rather than having just a conpletely dumry |load, to
actual ly use an actual cask, even though the weight in the
cask may not be actually spent fuel, but actually have a cask
| oaded on the cars for the dynamic testing. And, so, those
procurenents woul d support that.

We' d expect delivery of the Category B casks, which
are the ones where we've had additional nods done to the
certificates, in the 2008 timefranme. Deliveries of the
Category C casks, if we need any, in the 2009 timefrane, and
begi n operations in 2010. Again, this is the kind of thing,
and a m|estone level, that would be revised. Again, we'll
have these cask capability reports this sunmer sonetine.

That will give us a very clear view of whether or not what
we' ve been lead to believe fromthe verbal presentations is

accurate. W'Ill be able to make course corrections, and
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adj ust accordingly. But, we've got a lot of work that's gone
into devel oping our capability for |ooking at casks.

A simlar scope of work has gone into the foll ow ng
slides. I'mnot going to go into these in any detail, just
provided that for your information. But, we've got a fairly
significant look at the mlestones for the institutional
program You can see there's a lot nore mlestones here.
There's a lot nore work going on in parallel on the
institutional front than there is in the cask front. It's a
much broader scope of work, a nuch broader set of
st akehol ders we have to deal wth

We have the Operations Overview. This captures
some of our security planning activities. |t captures our
operational planning activities, where we are in devel oping a
concept of operations. W've got rolling stock acquisition
activities. Again, this is nore on the |evel of nunber of
m | estones of the casks, because it's a very focused
activity. W' re looking at procurenent basically of three
types of rail cars, an actual |oad bearing car to put the
casks on, a security car to cover our security requirenments
for these shipnents in transit, and a buffer car to go
bet ween the | oad bearing cars and the | oconotive, or between
the | oad bearing cars and other cars that may be in the
train.

And, then, finally, a support facilities plan.
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And, again, nore of the details are down in the discussion
here. Again, there's a fairly finite nunber of facilities
we' re | ooking at right now. Based on the comments we get

t hrough scoping, the nunber of facilities may change, and
there may be activities that we would antici pate being
performed in a single facility that based on scoping
comments, we get during the EIS. They may be broken into
multiple facilities. There are a nunber of things that can
be co-located or split. W're expecting to get lots of input
on those kinds of activities. 1In fact, we encourage our

st akehol ders to give us that kind of input during the scoping
pr ocess.

The Nevada Rail Transportation Project is one that
we' ve already tal ked about in a fair amount of detail. And,
again, we know that we want to have rail available as early
as possible, but | can't put together an actual perfornmance
baseline for constructing a rail line until we conplete the

ElIS, and we've identified where exactly within the corridor

the rail is going to be aligned. W know a | ot of input
about what the operational constraints of the rail line is
going to be, how our stakehol ders have asked us to consider,

or actions they want us to consider in a design process. Al
of that will informthe performance baseline that will frane
t he actual requirements for final design and construction of

the rail road.
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VWhat we've got in ternms of upcom ng decisions, we
have begun the Environnmental |npact Statenent process. W
are working hard to get the Environnent |npact Statenent
contractor on board. W' ve already issued contracts for sone
of the technical work that will be done out there.
Regardl ess of the comments that we get fromthe scoping
process from our stakeholders, there are sone things that we
know we have to do. W have to do the geotechnical work out
there. W have to do the hydrol ogical work on the site. W
have to do the cultural and environnmentally sensitive species
of plants and animals. W have to do all of that. And, so,
contracts for that technical data collection have already
been let in sone cases, and will be let soon in others. And,
parallel with that, we are trying very diligently right now
to get the EIS contractor itself on board to have them hel p
shape the data collection and incorporation of the public
scopi ng conments that we received into the actual scope of
work that will ultimately result in our EIS.

|"ve told you a little bit about where we are in
our rolling stock acquisition and our cask acquisitions.
Again, we are taking a phased deliberative approach where

we're pulling the industry in. W're getting conments from

our stakeholders. W're taking all that into account before
final decisions are nmade that would be irreversible, like
actually going out for fabrications. W're nmaintaining a
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fair anount of flexibility before final commtnents are nade,
and yet we are still | ooking at the requirenents of making
sure that all of the tasks that have to be conpleted to be
ready to support shipnments in 2010 have been thought of and
are included, at least in a mlestone schedule right now
And, as we conplete mlestones that devel op enough detail ed
information to do performance baselines, we will do that.

One of the criteria or actions that all of our
state regional groups expressed a significant interest in
from the stakehol der perspective was devel opi ng routing
criteria, and the process for selecting routes. That's one
of the things that we will be providing funding for to the
state regional groups, and we'll be working with tribes on.
Routing is clearly one of the issues that they are interested
in, and we will start work on routing criteria and sel ection
nmet hodol ogy in the near future, hopefully having, as pointed
out on the institutional tineline, the actual preferred
routes established sonetine [ate in 2006 that woul d support
devel opment of our emergency response planning activities,
because that has to be focused al ong where the routes
t hensel ves are. And, again, we're integrating the planning
bet ween our different projects to make sure that what's done
on the institutional side supports our technical devel opnent.

Al so, last week was a neeting of the state and

tri bal governnent working group in Sante Fe. Qur office was
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there. W have said on a nunber of occasions that our
expectation is to work with the tribes on a governnent to
government basis. But, just as we will work with individual
states on state expectations, for overall transportation

pl anning, it's necessary to pull a nunber of states together
to do a regional approach.

The EPA has been very successful in working with
tribes on a regional approach and yet maintaining the
i ndi vi dual government to government relationships that are
inmportant to the tribes and to the Departnent. W anticipate
t he sane kind of approach being inplenented by DOE that was
di scussed at this neeting in Sante Fe |ast week, again,
encouraging the tribes that they would not |ose any of their
sovereignty in joining together in regional groups to address
transportation issues efficiently and effectively, and I'm
waiting to get feedback about how that neeting went and how
we woul d nove forward in establishing the definition of the
regions in which tribes will be participating.

I n concl usion, we've got a challenging set of
projects, and | think that nmany of you may see as an under
statenment, but we have done a significant anount of work in
devel oping the mlestones that are necessary to execute those
projects. W are working where we can on devel opnent of
detail ed project baselines, doing the resource worrying for

the activities that we know that we have to do, and nmaking
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sure for the scope of work that has been defined, that we
have a fairly good appreciation of a schedule required to
execut e that scope.

We've got a lot of work to do on the Nevada Rai
construction, on energency response training, and on fleet
acquisition. | went through that as we di scussed the
i ndi vidual activities. | think probably at this point, it's
best to go ahead and say that | think we can conclude all of
this and be ready to ship by 2010, particularly if the
i ndi cations we got fromthe cask vendors and fromthe rolling
stock vendors is accurate in saying that if we had to start
shi ppi ng tonorrow, we have the capability in place to safely
and securely nove spent fuel fromutility sites tonmorrow if
we needed to.

And, so, know ng that we have that base capability
in place now gives nme great confidence that we can expand
that capability to be the broad based offering that | intend
to have in place for a broader scope in 2010 when the
repository starts operations.

Wth that, I'll open nyself to questions.

DUQUETTE: Thank you, Gary.

W're running a little late, and I'mgoing to ask
the Board to keep their questions to a mininmum and perhaps
we can optim ze that by having Mark Abkow tz make sone

comments as Chair of the Transportation Panel, and then have
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sonme questions after that. Mark?
ABKOW TZ: Thank you, David. Abkow tz, Board.

Gary, first of all, thank you for your information
that you presented today. | think that this has been very
hel pful, and I wanted to comend you on the progress that the
Departnent is making in transportation planning, and in
particul ar your |aying out the schedule that you're working
within. | recognize in our Board letter that we were asking

for this type of schedule to be produced, and it's an

incremental process that involves continuing | evels of
detail. But, | think it's very inportant that you' ve been
able to lay out in each of your project areas the m | estone

schedul e, because that's certainly the first step, and is
much nore commensurate with the kind of information that

constitutes the strategic plan, at least in ny personal

opinion. So, | wanted to thank you for that.

There will be a Transportation Panel neeting. |It's
bei ng planned right now to be held sonetine this fall, and at
that juncture, we can get into sone of this information, and

ot her new devel opnents in greater detail.
There are a couple of things that | did want to
raise, and if you would Iike to coment on them that's fine.
First of all, it's becom ng apparent, as you know, that this
is a very anbitious activity, and a nunber of concurrent

pl anning activities that are going on, and their
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i nt erdependenci es, and the tineframe that you' re operating
under are really going to necessitate a closely coordinated,
wel | - managed overall effort.

So, one of the things that | did want to bring to
your attention is that at sone point, these project
m | estones and ultimately schedules will need to be
interfaced into one grand schedule, and that there be an
identification of the interdependenci es between those
projects, because there is a critical path that will be
enmerging fromthis, and there are certain steps that will not
be able to be acconplished very well w thout other steps
havi ng been acconplished previously. [I'll give you a couple
of exanples just to illustrate the point.

One is in the area of cask procurenent and fl eet
acquisition. It's difficult to inmagine how well the system
can be put together before waste acceptance and access egress
infrastructure issues are fully understood and agreed upon
between DCE and the utilities. Simlarly, in the area of
enmer gency response planning, absent route selection, there's
only so far that you can go with energency response planning.

So, in iterations of this planning process, it wll
certainly be helpful to get a better understandi ng of how
these projects interface with one another and when certain
t hi ngs can be operated in sequence, and when they have to be

operated in succession.
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The other sort of over arching coment | wanted to
make is in the Nevada Transportation Project area. | notice
that there's the absence of the word truck anywhere in the
Nevada Transportation Project slides, and | recogni ze that
there's an enphasis right now on trying to establish rai
access into the facility, and that, you know, the EI'S and
other activities around rail design and construction are sort
of forenmobst on your mind. But, | think it's becom ng nore
apparent to nore people that the likelihood of having rai
access directly into Yucca Mountain by 2010 is certainly far
| ess than one, although sonmewhat greater than zero.

And, so, consequently, | would encourage that there
be nore conprehensive and explicit attention focused on truck
transportation planning within Nevada. And, sone of the
i ssues that cone up when one gets into that area are issues
about internodal transfer facilities, upgrades if necessary
to road infrastructure, and what particular routes would be
used, and even issues in the |icensing area, such as are
truck casks licensed for rail use, if in fact that's what's
going to happen. So, | would just encourage that truck be a
card carrying nmenber of the nodal planning that goes on in
t he Nevada transportation project.

Thank you.

LANTHRUM Can | give you a little bit nore feedback on

that? W are aware that there is a need for good integrated
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pl anning, and, in fact, the work that |I've done so far in
devel oping the m | estones, we do have tasks bel ow t he
mlestones, it's just that they aren't tasks that have been
conpletely vetted by the information that they're going to
ultimately need.

In doing the resources for the tasks that we do
have, certainly there is a sharing of resources across
projects. And, so, | have to nake sure that the resources
are available, as well as the decisions that one project
af fecting another project, and your exanple of having the
routes sel ected before you inplenment the YVC I just nentioned
during the slides that we expect to have our final routes, or
at | east our preferred routes, designed and selected in the
late 2006 tinmeframe in working with our stakehol ders, and
that would be in adequate tine to support the YVC
i npl ementati on and doing the training along those routes.

So, we do understand that there are significant
i nt erdependenci es between the projects. W are working on
t hose.

To your point on Nevada Rail not including truck,
right now, | don't see truck as part of the Nevada Project,

t he Nevada Transportation Project planning. Truck is part of
the national planning. To the extent that there would be a
possi bl e need for an internodal facility in Nevada, we did

i nclude that as one of the questions we asked our
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st akehol ders as part of our scoping process for the Nevada
Rail EIS. Should we include the internmodal facility in that
EIS? We were |looking for input. W're waiting to see the
results of all the comrents that we got. But, the facility
aspects of that would certainly be part of the Nevada

Proj ect.

But, the overall planning for the use of trucks is
part of the Operational Project, because there's a continuity
there that's part of the operational planning, how you | ook
at the security, how you | ook at the planning, how you | ook
at all the aspects. | see that nore as a national activity
than a Nevada specific activity. But, we are taking a close
| ook at the possibility of trucks playing a significant role
in the early years of our operations.

DUQUETTE: Thank you, Gary. Unless there's a really
burni ng questions, especially since there's going to be a
Panel neeting in the fall, 1'd like to nove the neeting
al ong, because we're running a little bit late.

The next speaker is John Arthur, who is Deputy
Director for Repository Devel opnent in the Ofice of
Repository Devel opnent.

ARTHUR: Good norning. |'mvery pleased to present to
the Board here in Washi ngton today.

What 1'd like to do is summarize our project

progress since the neeting in January, also talk a little bit
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about our path forward on the |icense support network
certification, devel opnent of a |icense application, and then
ot her continui ng ongoi ng i nprovenents i n managenent and
qgual ity assurance.
The first exhibit is just an organizational chart.
W' ve made some final alignments in April of this year, and
this is the one I'll nove ahead with towards the |icense
submttal. Qur main area is the one | enphasize as we've
just recently hired enpl oyees, Concerns Manager, it's a
vacancy |'ve had for about nine nonths, and I'mvery pl eased.
We have a lady joined us fromthe Hanford site, Julie
Goeckner, in July of this year. Geat experience in enployee
concerns.

Then, | also noved Mark Van Der Puy of ny office,
who you' ve net before, up to the Safety Consci ous Wrk
Envi ronnment Coordi nator to keep a focus on that critical
activity as we nove ahead towards NRC |icensing.

Al so, we're | ooking well past 2004 to the kind of
organi zational, the structure, and the contract managenent
that's required as we go through the nmultiple phases of this
i nportant project.

| now want to nove on to the next exhibit, talk
about our managenent progress towards the |icense
application. If | could have the next slide, please. This

is a sunmary that |'ve shown consistently in previous
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nmeetings. This is out of our April nonthly operating review.
Again, the license is being prepared in accordance with 10
CFR 63, as well as the Yucca Mwuntain Review Plan. Right

now, we estimate that we're at 68 per cent, and that's the
progress at the tine we reported out in the neeting. It also

shows what | reported to you at the |ast neeting in January,

54 per cent weighted. | tal ked about before, so |I'm not
going to repeat it today. | just want to enphasize a few
ar eas.

"Il talk in a few m nutes about KTls, Key
Techni cal |ssues, but as far as the physical devel opnent of
t he docunent, the license at 33 per cent, every day |I'm
seei ng new chapters, sections of the |icense com ng through
in varying levels of detail. The goal is by the end of July,
to have all those chapters internal to the whol e review
process within the Departnent of Energy.

The Preclosure Safety Assessnent has advanced to 62
per cent, daily interface with the design, going back and
forth actually hourly, not just daily.

The design itself has progressed significantly to
79 per cent conplete. And, again, when | say that, that's
not 79 per cent of the final design. That's the anmount
that's necessary to support a |icense application.

| mght state that the subsurface, as well as the

wast e package design, for the license application is fully
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conplete, and the surface, as I'll talk about a little bit
|ater, is proceeding real well.

Current plans, we've talked in the past, the waste
package prototype, the procurenent was awarded earlier this
year. W hope to have that prototype devel oped in June of
'05, and then integrate that in with the wel ding processes in
2006. So, that's noving along very well.

| want to next nove to Key Technical |ssues, since
that's an area of discussion. This is a summary chart right
out of our nmonthly operating review Just at the bottom a
summary that shows where they are in various stages as of the
end of April. O the 293 Key Technical |ssue agreenents, 214
have been submitted to NRC, and 99, as of this tinme, have
been deened conplete by NRC. There's another 124, they're
either in review by NRC, or we've got to provide to themfor
revi ew.

The next area shows a little bit nore of the
wor kl oads ahead of us. This shows for March to the end of
August, our commtnment is we would have all the Key Techni cal
| ssues addressed prior to the |icense application submttal.

But, internally, we're trying to work that by Septenber 1.
VWhat this provides is a color coding that shows high, nmedi um
and low risk as done by an NRC risk ranking. So, it shows
t he workl oads we've got to conplete. W' ve submtted |

bel i eve seven out of the eight, and we're trying to actually
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nove in that. W realize for regular, that creates a big
peak for review of about 45 in the July tinmeframe, so we're
trying to nove sone of that in. R ght nowin our offices in
Las Vegas, we have 40 under review, so we're hoping to get a
junp start on sone of those and exceed the schedule in My,
but again, we want to make sure it's a quality deliverable
before we send them over for NRC revi ew

The next area | want to tal k about before | get

into design is license support network certification. W are

on target for our June 23rd LSN certification. As of two
weeks ago, we started early indexing. It's also known as
crawl i ng, where we're providing docunents across to NRC, and

that process is underway right now So, again, it's not just

the license, it's also to have all the necessary docunents

avai |l abl e before discovery in the electronic courtroom

The next area here just shows a little bit about
the Iicense application. | don't knowif |'ve ever showed
this one before. It's just a hierarchy of sone of the
docunents. W estimate the license itself is going to be at
about 5200 plus or mnus, | mean, as we go through final
reviews that will go up or down. There will be 5200 pages.

You can see, about 400 pages will be in the sections on the
| eft, physical protection plan, site characterization
summari es, general description and |layouts. Most of it is

going to be in the safety analysis, both in the preclosure
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and postcl osure safety.

And, then, below the |license, we have supporting
pl ans, analysis and nodeling reports, and the whol e
architecture of docunments that will be required to support
sonet hing of this magnitude.

| want to next nove into current surface
facilities. Paul Harrington of ny office | think gave a
brief wwthin the last six nonths to you, a little bit about
the design, and we're making very good progress there. W
have design inputs from Cogena based on the operations over
at Le Hague, and extensive experience is being applied to our
dry transfer facility.

What you have here, and, again, it's color coded.
If you go over on the right, purple would be infrastructure
readi ness. That would be the devel opnent off to the south of
the site, which will be initiated first, followed by the
green, which would be the initial supporting facilities, as
wel | as bare fuel handling facility. And, then into the red,
which is a canisterized facility operations. The red, the
green and the purple would be the first phase of devel opnment
for the repository, and then you can see in the green, the
dry transfer facility, that's the larger facility that would
be constructed fromTinme Zero, but will continue while we
initiate our first operations.

So, we're planning--1 know you asked Gary a little
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bit earlier about schedul es--we do have internal to the
project, a fully integrated schedul e where you | ook at the
transportation, as well as infrastructure and repository, two
key areas, we're continuing to mature that schedule. [|I'm
owed by Bechtel SAIC a detail ed engineering and construction
schedule that will conme in in late June. As we get that
integrated into our nmaster schedule, we're going to have
technical interfaces with NRC, in the July/August tinmefrane,
not just to look at design, but also construction schedul e.

The next area | want to talk for a few m nutes, and
this isn't our color blindness test, this is a very busy
slide, but it's inportant to make a point. First of all,
this is a summary of the analysis and nodeling reports, which
many of you have been briefed on various aspects through the
years, about 188 of those docunents.

As many of you are aware, the Nucl ear Regul atory
Conmi ssion did a vertical, cross-cutting review of three of
t hese back starting |late |ast year, concluded that, issued a
report, a report out on that on April 10th to the Departnent
of Energy. And, as NRC noted in the technical evaluation
reviews, DCE had continued to nmake significant progress in
t hese products since the time of site recomendation,
however, there were significant challenges still in the areas
of transparency and traceability, as well as the corrective

action programto alleviate the inprovenents in sonme of these
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docunents.

As we relayed back to the NRCin a neeting just two
weeks ago, we take their findings very seriously. W have
since March, started an integrated effort in Las Vegas to
actually take a ook at all of the AMRs prior to putting them
into TSPA. And, this really shows sonme of the chall enges,
because out of about 188 docunents, we had well over 90
different authors located at five different institutions in
di fferent geographical |ocations around the U.S. For the
final production of this license, that's all being done by a
teamin Las Vegas.

If I could nove to the next slide, please? This is
what we've called our Regulatory Integration Team the
centralized production of the license as it relates to
anal ysis and nodeling reports. W'II|l all go through this
team It brings together nine different teans of sone of our
best throughout the national |abs, as well as Bechtel SAIC
and other offices from Quality, Engineering, Project Controls
and Operations under a single project nanager to nake sure
each anal ysis and nodeling report goes through the sane | evel
of review

Sonme of the areas we're looking at in this teamis
the technical accuracy and validity of nodels and anal ysis,
traceability of inputs and outputs anong the nodels and

anal ysis, considering the integration across and anong AMRS,
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taking a | ook at each one for the appropriateness of

assunptions and consi stency between each AMR So, it's a

very detailed |look to ensure that all of those are done

consistently. Sonme are data nodels and software utilization.
It's a very intensive effort.

The four step process will be conpleted by the end
of May. Qur teanms have been working on this since late
March, and |I'm pleased to say that they're finding sone of
the simlar areas that the Nucl ear Regul atory Comm ssion
found. They'll come up with an action plan, and then what
wi || happen, we've already started on that, the analysis and
nodel ing reports will be revised between now and the m ddl e
of August, and then fully utilized for the TSPA

So, that's just a summary. W are going to respond
back to the Nucl ear Regul atory Comm ssion within two weeks
with our response to their report. It reflects sone of these
processes, and | have high confidence it just won't be
technically sufficient, each of those AVRs, but it wll have

the sane |l evel of quality and transparency on each one.

| want to now transition into another phase. Many
nmeeti ngs before, I know Mark and ot hers have asked ne about
my confidence in the Quality Assurance, is there conpetition

bet ween schedul e and quality, and where do we stand in the
project. And, | feel we've nmade very good strides. W stil

have issues, challenges ahead, which I'll talk about. But,
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inthis project, as |I've said to the Board and to others many
times, it's not just inportant to have a quality license
application, but also to achieve and mai ntai n managenent
processes and a quality program conduci ve of an NRC |licensee,
and we take that very seriously.

| want to share with you, this is simlar to a | ot
of other nuclear plants around the country, each one m ght
present a little bit differently, but safety conscious work
environment, and really four pillars. The first one on your
left as you look at it is can enployees go to their
supervi sors and rai se any concerns w thout any fear of
retaliation? On a survey we did |ast year, it showed 76 per
cent had a favorable position towards that.

The next one in the red was the corrective action
program could people use the corrective action program
This is one of the ones that scored the | owest in our
internal surveys, and this is across 2500 enpl oyees in the
proj ect, about 67 or 62 per cent, | believe it was, return
rate. 58 per cent felt at that tine, and that was about a
year ago, that they had positive things to say.

The next area was if a person can't use one of
t hose ot her nethods, could they use the enpl oyees concerns
progranf The nunbers came out to 76 per cent.

And, then, the | ast one was did we have effective

nmet hods to detect and prevent retaliation? W didn't have
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guestions in that survey, so after that tinme, we've cone back
and we've set as a | eadership counsel, a series of analyses
and goals for us by the end of this year, which is refl ected
in the next slide.

Qur goals, and this will be based on a survey that
we do later this year, is to try to have that nunber for
enpl oyees that raise concerns without fear of retaliation
upwards of 85 per cent. |It's a pretty good stride and goal .

Get the corrective action programup to 70 per
cent. We knew there was going to be a challenge. W had to
make sone software changes, as well as enforce the managenent
accountability, which is well underway now

85 per cent for enployee favoritismtowards using

an enpl oyees concern program And, then, also, we'd want to

have 100 per cent effectiveness in ways to detect any
retaliation or harassnment, of which we would have no concerns
subst anti at ed.

So, that's our goals we've set. W' ve taken a | ot
of managenent actions towards achieving that. And, again,
these are the four pillars by which we'll nove ahead towards
the |icense process.

If 1 could have the next slide, please? Another

area that |'ve showed consistently at our neetings before is
our annunci ator panel. |'mnot going to, obviously, get into
the specifics here, but I want to | et you know we' ve made
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consi derabl e progress, each of the managers, Departnent of
Energy and Bechtel, as well as the national |abs nonthly,

| ook at areas from schedul e, quality, where we stand on al
aspects of the projects. The areas that we've sone
significant inprovenents since last tine is we closed out a
dat a managenent corrective action that was open for over 322
days, as well as a software corrective action that was open
for 1033 days, just, you know, about three years.

And, the inportance of these are that this is the

efforts of the project to nove all these key areas into
conformance with NRC requirenments. The areas you'll stil
see on the top, which is work execution, still red, is the
anal ysis and nodel reports. Until we have those reports

revised and the Departnment of Energy has accepted those, that
will stay in the red.

Model validation, we have a plan to have our node
corrective action closed out in July or August of this year.
So, at that tinme, it will nove up into the red. So, this is
a summary. We consistently look at that, as well as all the
managenent processes down bel ow.

| have a few others that | want to just tal k about,
detailed netrics belowthis, if | could have the next
exhibit. If you drilled down in sonmething |like corrective
action program this is the one I showed you that had the

bi ggest chal | enges, there are a nunber of neasures that
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continue to inprove. Wat this says is the adequacy of the
qgual ity assurance requirenents description, requirenents in
all of our inplenenting docunents, plans, and it shows you
that consistently, we've had inprovenents occurring, |ess
than our goal of 5 per cent, ever since about May of | ast
year. So, that says that when our QA independent reviews
| ook at these docunent, they found the necessary requirenents
i nside of the plans.

The next area talks a little bit nore about
i npl ementation, and that's how adequate is our corrective
action plans. In this particular area, we've set a goal,
which is pretty aggressive, about 85 per cent would be
adequate on a once through review W're still running bel ow

that. W' re just running about 78 per cent. W have a six

month rolling average, so it takes away the nonthly peaks and
variances there.

So, | guess in summary, what 1'd like to say is the
license is proceeding well. W have a nunber of chall enges.

| ssues are com ng up every day. W continue to nanage

t hose, but right now, we're about 68 per cent conplete
towards the Decenber date. | feel that the quality
assurance, and when | say QA not just the technical products

in the license, but also the nanagenent processes across are
moving in the right direction. And, again, our goals right

now are still certification of the |icense support network,
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June 23rd, and |license submttal in Decenber. And, as | told
t he Nucl ear Regul atory Comm ssion in our managenent neetings
in Las Vegas | ast week, if anything gets off track and we
find an issue there that's significant and we can't nake that
date, we'll nmake the proper notifications. But, right now,
t hings are proceedi ng well.
So, with that, I'lIl end ny presentation.
DUQUETTE: Thank you very nuch
Dan Bul | en?
BULLEN: Bullen, Board. Could we go back to the

annunci ator panel, Slide 12?

The two that junp out at me are the AMRs and the
Model Validation Report issues. | guess the question that |
have is that if TSPAis going to be a very integral part of a

i cense application and you need tine to, say, turn the TSPA
crank, if those issues aren't resolved until August, wll
that pose a real problemw th respect to the tinme to neet a
Decenber |icense application deadline?

ARTHUR: Dan, as far as the TSPA, we've continued up
until recent to make runs, and nost of these changes we're

maki ng aren't affecting the technical adequacy of those AMRs.

The technical content overall is staying pretty nuch the
same. |It's the transparency, the |evel of detail, the
quality in those. So, right now, we don't see an isSsue.

It's nost inportant to get all those done in August, and then
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we'll continue another run of TSPA. But, right now, things,
at least in our schedules, |ook |ike that can be done.
BULLEN: Thank you.
DUQUETTE: Mark Abkow tz?
ABKOW TZ: Abkowi tz, Board.

| just had a couple of very quick questions and

comments. The first one has to do with Slide 11, | believe.
And, | understand the aspirations are high, and | appreciate
that, but | have difficulty with any goal that's 100 per

cent. It's kind of like the person who says, well, we're
going to have a zero accident policy. And, that sounds
great, but, you know, the expectation of having 2500 out of
2500 people tell you that it's effective, you know, sort of
engenders sone doubt on the part of people's mnds as to
whether or not that's really realistic. So, 1'd like you to
conment on that.

And, then, ny other question is that as you're
charting this progress that you' re making across |ots of
different areas of the project, | was curious as to what
role, if any, third parties are having in the review and
audit of that. Because fromny famliarity with chem ca
pl ants, internal managenent tends to have a different view of
the progress they're making than an external third party that
doesn't have a bi as.

ARTHUR: CGood point. First of all, a clarification
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The first three are based on enpl oyee surveys.
you brought that up. 100 per cent is we have 100
detection. Right now, we're actually doing a
We didn't do any surveys in the first go around for
ar. So, we actually did a pul se survey recently. |

went out to roughly 400 enpl oyees randomy. |

shoul d have data back on that one real soon. So, that wasn't

100 per cent favorable coments enployees. It was to have

100 per cent nethodol ogy of detecting any retaliation. So, |

want to clarify that one, and we'll share those results.

They shoul d be out in another two weeks fromthat first

survey on that area.

Fi rst of

Your next question had to be about independency.

all, a couple areas. All the surveys are done by an

i ndependent firm We knew there would be a distrust if we

di d that

within the project. [It's done by an independent

firm They've done simlar surveys for other federal

agenci es,

Fortune 500 and ot hers who have a credible process.

The next area on an annunci ator panel, we do have

i ndependent quality assurance reviews fromour Quality

Assurance office on that particular area. But, also we

benchmark, | benchmark on a quarterly basis we many of the

chief nuclear officers fromindustry. W sit down and | ook

at our processes. W conpare. So, we try to apply |essons

| ear ns.

In fact, we have sone of those people that have, you
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know, | ooked at our netrics and given us advice. So,
believe right now, they're very credible and | know there's
been a lot of different interpretations, including by GAG,
and | just say let's ook at the facts and what the nunbers
show, and I will continue to have independent eval uation of
t hat .
DI ODATO Diodato, Staff.

Thanks for your presentation. | liked your Slide
8. | think that's really a hel pful way to organi ze the
information. One of the things | noticed on that is that the
muti-scale thermal hydrol ogic nodel | guess shows it in four
different places and four different colums. | guess that
reflects the utility of those analyses in the overall scope

of the analysis; is that correct?

ARTHUR: ['Ill have to have sone assistance from our
folks. | think the answer is yes. But, one of the areas as
we noved through | didn't nention, this was about 188 here,

and this was an earlier one. Right now, as it conmes through
the regulatory integration team it |ooks |ike about 104 of
those are going to be used to support the TSPA. So, there is
some integration. Sone have been covered in nultiple areas,
as you said, so that's the purpose of this team is to really
make sure everything shored up to support the TSPA

DI ODATO Wl |, that's hel pful.

The other thing that | noticed on Slide 6 of your
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safety analysis report, you' ve got Item4 there on the
Performance Confirmation Program \Wo had expressed interest
over time in the Performance Confirmation Progran? W're

j ust wondering what the status of that is, and if the, you
know, broad structure, if it's been outlined--

ARTHUR: We've had a nunber of neetings inside the
project. W're in the process right now of revising the
Performance Confirmation Plan to nmake sure that it ties
directly to the design, the TSPA, so you can really | ook at
not just what's going to ultimately be el enents of the
Performance Confirmation, but to nake sure there's the
necessary ties fromthe other prograns. So, we've recently
direction back to Bechtel for expectations on that
Performance Confirmation Pl an

Dl ODATO Do you have any idea when they're going to
respond to you on those expectations?

ARTHUR. By July, late July tinmefrane. Caudia, is that
about right? M boss tells ne yes.

DUQUETTE: Priscilla Nel son?

NELSON: Nel son, Board.

This relates to Gary's presentation as well, and
it's a question about how the AMR appropriation and the
operations appropriations, and all these things that are
feeding into licensing, are also being | ooked at to devel op

an understandi ng of what R&D or S&T needs could really be
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i nportant here, and feedback into Margaret's Science and
Technol ogy G oup. So, that connection is very often m ssed,
and what are you doing in this timefrane to start to generate
that flow?

ARTHUR. W' ve had, first of all, one of the areas |
wanted to nmake sure is we had clear criteria, and excuse ny
definition of criteria, but | wanted to nmake sure there was
real clarity, and the regulations drive pretty clearly what
goes into Performance Confirmation, and then |I believe Mark
is going to talk after ne on some of the tests that are
underway right now and the test program and then as well as
t he Sci ence and Technol ogy. So, we're | ooking right now to
make sure we have clear criteria in the future, and probably
maybe in the next neeting, it would be good to show you what
some of the various types of test elenents that go in each of
those three prograns, but there is a |ot of work underway
right now to define that.

NELSON:  Nel son, Board.

| guess, as you build the AVMRs, there's bound to be
sonme pl aces that sone aspects could be enhanced or relatively
weak, and meking sure that that feedback to the Science and
Technol ogy people to keep an eye--technol ogy is changing so
fast that when the opportunity is mssed, unless that's a
real low friction interface.

ARTHUR:  And, the other point I mght add is we have
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recently authorized Bechtel to performa certain anmount of
addi tional work, which will go out to sone of the |abs, as
wel | as as things come out of the Regulatory Integration
Team we're keeping a checklist. | think in the next two
weeks, |I'Il be briefed, and sone of ny staff, on what those
are, and then nake decisions on needs to go future into S&T
or other imedi ate needs that we have. But, that is being
well integrated in one master list in Las Vegas.
DUQUETTE: Thank you, John.

I'"d like to nove things along. Next talk is by
Mark Peters, the Project Manager of Los Al anos Nati onal
Laboratory, giving us a science update on the program

PETERS: Thank you all for having nme back.

Since it's been a year, 1've got 200 slides to go
t hrough. That was a j oke, Dan.

| want to first start, stay on the title for a
mnute. | want to tell you what you' re going to hear about
and not hear about today. |1'mgoing to focus today on the
ongoi ng science programthat's being done as part of the
repository program which you' ve heard fromne many tines
before. |I'mnot going to be tal king about ongoing work in
t he Sci ence and Technology Program [If that's confusing at
all, we can tal k about that maybe in questions and answers.
But, this is focused on the ongoing science prograns for the

repository, and licensing activities.
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Again, just to provide a status to you, |'m going
to focus on the field program Wat |I'mnot going to talk
about today is any of the additional testing and data
collection that's gone on in the area of, I'Il call it, in-

drift environnment and corrosion. You' re going to hear about

a lot of that new information tonorrow, so you will not see
that in this presentation. 1'll leave that to the fol ks
t onor r ow.

Al so, waste form ongoing waste formwork at
Argonne and PNL primarily isn't in this presentation. That's
primarily becane of tinme constraints.

' mgoing to start wal king through the unsaturated
zone, focusing again on the field program the ongoing field
programin the ESF, drift scale test, very brief on chlorine
36 validation, some of the USGS work on secondary fracture
mnerals. Mving to the cross drift, and review the work
that's being done primarily by the Bureau of Recl amation on
t he geol ogi ¢ aspects of the Topopah Spring in particular,

t hen nove into hydrol ogy, the Alcove 8 N che 3 drift-to
drift test, update on that. And, then, recall the bul khead
investigations in the cross drift where we have the back half
of the cross drift, about a kiloneter of that tunnel,

bul kheaded off with no ventilation, |ooking for evidence of
seepage or condensati on.

Still staying in the cross drift primarily, but
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we' re doing sone additional work in sone parts of the ESF on
rock properties, thermal-nechanical properties. A brief
update on work in the saturated zone. The Board just had a
panel neeting in early March where they tal ked about this
extensively, so this is a very brief update. And, finally,
an update on the work that we're doing to | ook at vol canic
probabilities in Crater Flat.

A di agram of the ESF shows the exploratory studies
facility, the U-shaped tunnel, as well as the red cross drift
that cuts across the repository block. 1n green here is the
Solitario Canyon Fault. North is in this direction, so to
the lower left, shows the various test locations. Again, |'m
going to talk primarily about Alcove 5 drift scale test, and
the work from Al cove 8 to Niche 3, the drift-to-drift test.
Then, focus a lot of ny discussion on work going on in the
cross drift where we expose the deeper parts of the proposed
repository horizon.

First, the drift scale test. It's a coupled
processes test. We're |ooking at primarily evaluating the
coupl ed processes in the rock. This was not set up to | ook
at the details of the processes within the drift, but again,
it's focused on coupled processes in the rock. | don't think
| need to dwell on this slide too much. 1It's a |large scale
thermal test. W heated for four years, we're now about two

plus years into a cooling phase. It's planned to go for a
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full four years. The heaters, both wing heaters in
borehol es, as well as canister heaters in the heated drift
itself, we've got boreholes drilled all through the test
bl ock nonitoring tenperature, pressure, relative humdity, as
wel | as active neasurenments of various noisture novenent, as
wel |l as collecting water and gas for chem cal anal ysis.

This is really just a nore detailed review of what
| just went through briefly. Again, we're after the coupled
processes, and this is a list of all the sorts of things that
we' ve done, both as we characterize a test block prior to the
test starting, that was characterization data, as well as
detail ed predictions, nodel predictions of what we thought we
woul d see in thermal hydrol ogi ¢ mechani cal chem ca
processes. And, then, during the heating and cool i ng phase,
t he neasurenent of the physical paraneters. And, as |
nmenti oned, periodically active testing using various
geophysi cal techniques for noisture novenment and air
perneabi lity measurenents and al so collecting the water and
gas for chem cal anal ysis.

Again, we're a little over two years into the
cool ing phase at this stage. Heaters were turned off in md

January of 2002, and as you can see, this is a representative

sensor along the crown of the drift about hal fway down the
heated drift. It shows that we are well below the boiling
poi nt of water at this stage, approaching 70 degrees C. at
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the drift wall. Power had been conpletely turned off in md
January of '02, we basically turned the power off. W did
turn the power off. W've let it cool naturally since that
tine.

| want to show a few representative slides of sone
of the cooling phase results. Again, you' re going to hear a
| ot nore about this test and howit's used in nodel
validation tomorrow fromBo and Carl. So, today, |'m going
to focus nore of just a few snapshots of the sort of data
that we're collecting, and | eave the validation piece until
tonorrow s di scussi on.

Thi s happens to be one borehole ray that's hal fway
down the heated drift. This shows a cross-section of the
drift with the boreholes, and what we're showing here is
three different time slices after the heaters were turned off
for three different boreholes. Tenperature is a function of
di stance fromthe drift wall to depth in the borehole for
both this up borehole, this inclined borehole, and this
hori zontal borehol e, show ng predictions in the solid |ines,
and the actual data in the synbols. Reasonable matches from
the predictions relative to the data, there is sone
di fferences and we can explore maybe that in the questions if
you'd like. W feel there's a reasonable prediction of the
tenperature within the rock as this test cool ed.

We've also gone in and drilled a few additional
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holes. One of the things that we were interested in is what
was going on chemically and mneralogically in the rock as it
was heated, and then it started to cool. So, we've drilled a
coupl e of additional boreholes, the so-called ChenSanp
borehol es that were drilled fromthe observation drift, and
we col |l ected core and we've done both water extraction for

noi sture content neasurenents, as well as pore water

anal yses, and al so m neral ogi cal analyses to see if we see
any evidence of significant dissolution or precipitation in

the fractures due to the influence of the heat.

This just gives you an idea of what we've done with
some of the core fromthat borehole. [1'mgoing to show you
in a mnute sone prelimnary results on noisture content
nmeasurenents for some of that core, and then al so nake the
poi nt that we've done detailed predictions of the noisture
saturation changes, particularly in the matrix, and how t hat
conpares to the actual noisture content measurenents in the
bor ehol e.

This is a representative prediction. This is for
about a year and a couple nonths after we turned off the
heaters. The contours are tenperature, so this is the
observation drift, the heated drift going into the page, this
is that ChentSanp-3 borehole that was drilled fromthe
observation drift. Again, the contours are for tenperature

at the time of April '03, and what's plotted here is the
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predictions of matrix saturation. That's what's shown in
color codes. So, the boreholes start about here in nore
anbi ent area, went through relatively high saturation area,
and then barely skimred through the dry-out zone, and then
back out into the wetter areas.

Next slide, please? This is the results, sone
prelimnary results of sone of the noisture content in sone
of those core. Misture content is a function of distance
fromthe front end of the borehole as you go down into the
borehol e. Again, these are actual data points for noisture
contents of the core, and they're color coded according to
their space | ocation according to that prediction map that |
just showed you. So, in general, we show a nice conparison
of the actual nvisture contents with what we woul d expect
themto be based on the nodel matrix saturation val ues.

Switching nowto Chlorine 36, again, this is
strictly an update. W've told the Board in the past, and
there was an extensive discussion of this work in the |ast
neeting, or the neeting before that, we had Ji m Paces, Bob
Roback and Bill Boyle up here tal king about the update on
that. | just want to make the point, reenphasize the point
that we do have an i ndependent study going on of Chlorine 36
systematics. It's being lead by fol ks at UNLV and New Mexi co
Tech. They have a scientific investigation plan in place.

They' ve | aid out sanple locations in the ESF, and the
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sanmpling should be starting inmnently here.

They will be having quarterly nmeetings. There was
one held in Novenber, | believe, and those will be held on a
regul ar basis once we get going with the field sanpling
effort. So, we're hoping that that will progress and we
would like to see the results later in fiscal year '05 of
this study.

Swi tching now to secondary fracture mnerals. The
USGS, Zell Peterman's folks in Denver, have an ongoi ng
program | ooki ng at the secondary fracture m nerals and what
it tells us about a whole host of things, percolation flux,
long-termvariation in percolation flux, how that ties to
climate change. Also, John Ake is going to talk sonme about
seismc. There's been sone interesting work done on what the

mnerals mght tell us about the evidence of seism c shaking

in the past as well. There's sone interesting things they
can do there. But, I'mgoing to focus today on just a brief
update on sone of the ongoing work we're doing, again,

| ooking at tinme percolation flux to climte change.

W're starting to do a lot of, we'll call it,
m cro-anal ytical work. Instead of taking wholesale calcite
grains and doing stabilized analysis, they've started to use
m cro-perp techniques at Stanford to | ook at detailed
profiles of carbon and oxygen isotopes in the calcites, and

al so doing detail ed geochronol ogy on sonme of the coexisting
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opals, and that's allowng us to do an even better job of
typing the details of how these fracture mnerals grow in
time back to the climate signal that we expect regionally,
typing to things like the Devil's Hole record, and things
l'i ke that.

| mplications, we do think we see variation in
grow h rates based on drier conditions during the recent
times, transition back to glacial, nore wetter conditions
during the tertiary, and that the sanpling resol utions
allowing us to see differences in growh rates and how t hat
m ght correlate with changes in clinmate over tine.

A lot of what |'ve already said, sone interesting
results. There's actually a fairly significant range in
oxygen i sotope conposition of sone of these calcite grains, 3
to 4 per ml is a fairly significant variation within a
calcite grain. And, again, that could reflect variable
climate signals, but we're working on getting H framework.
That, you have to use primarily the coexisting opals to get
that H framework. And, you can see that |'ve already said
t hat .

There's sone in situ mcrodigesting techniques that
the GS is developing, and that's going to allow us to get
sonme very detail ed geochronol ogy on sonme of the opals. So,
we're going to another | evel of detail in |ooking at the

stabilized tops of the radiogenic isotopes to tie to clinmate
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t hrough both changes in water conposition, changes in vol une
of water, and also tine.

So, additional work that the USGS is doing, Jim
Paces at USGS in Denver is heavily involved in this, we're
| ooking at both fracture sets, sanples fromfracture sets,
sanples fromfaults, and sanples fromnore matri x, and
| ooking at the U-series isotopes, and those provide a
geochem cal indicator of percolation flux, not only anmount,
but al so character as a function of geology, let's say.

So, basically, the degree of disequilibriumin the
U series tells you sonet hing about whether there's been
uni form percolation flux, and ultimately | ow over tinme,
versus focused flow.

At the bottomthere, you can see when we | ook at
the fracture sets and the matri x sanples, the prelimnary
results suggest that you basically have very little in the
way of any disequilibrium between urani um and thorium
i sot opes, which suggests that there's been basically |ong-
term fairly uniformpercolation flux through the UZ. W're
seeing sonme disequilibriumalong the Bow Ridge Fault, and
we're going to continue to |l ook at the faults to see what
that can tell us about focused flow along the faults as a
function of tine.

Switching to the cross drift, this is a diagram

|'ve used many tines before. |It's color coded I hope in the
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same way. It's again showing the bottomof the north ranp of
the ESF, the main drift of the ESF, as well as the cross
drift. Let's talk alittle bit about the code here. The
test locations that are shown in regular font, in bold, are
existing test locations in the underground where we've either
got ongoing work or we've conpl eted the work.

Those in the blue Italics are planned | ocations.
So, do not yet exist. There's not yet testing going on in
those areas. Also, along the cross drift, recall that the
ESF actually does not get into too nuch of the | ower
I ithophysal unit, which is the mgjority of the proposed
repository horizon. The cross drift, we benefitted
tremendously fromdoing that, in nmy opinion, because we were
able to see the deeper parts of the repository horizon,
particularly a lot of the Iower |ithophysal, and we've taken
great advantage of that.

| should point out that this Board was instrunental
in driving us towards digging that tunnel. | think we've
gai ned trenendous benefit fromthe work that we've done in
t here.

But, what |'ve shown here is also the contacts as
t hey' re exposed along the drift. So, in code, this is the
upper lithophysal of the Topopah Spring. W' ve got the
m ddl e non-1ithophysal of the Topopah Spring, a significant

portion of lower lithophysal, and then a little bit of the
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| oner non-1lithophysal before we get to the Solitario Canyon
Fault. And, I'mgoing to talk primarily about the geol ogic
data collection that's gone on throughout the cross drift, a
little bit about the hydrol ogy at the crossover al cove, the
drift-to-drift test, and finally, sonething about the

bul khead i nvesti gati on.

Anot her way of |ooking at the section, this is just
a cross-section of Yucca Muntain, west to east, with the
cross drift comng across, and it shows basically what | just
said. This is the actual geology as it was observed as we
mapped it prior to the m ning.

First, the geology. W' ve done a whole host of
detai |l ed panel maps, traverses, detailed fracture mapping.
Again, this has primarily been done by the U S. Bureau of
Recl amati on and the U. S. Ceol ogi cal Survey. W' ve done,
again, fracture characterization, also | ooked a | ot at
| i thophysae abundance, character of |ithophysal cavities.
That's inportant for a whole host of reasons that | don't
think I have to tell this Board how they influence the
hydr ol ogy, how they influence the rock mass, therm
properties and mechani cal properties of the rock. And, |I'm
going to get into that a little bit nore.

| will not dwell on this. This is just a non-
geol ogi st guide to all the words that |I'mthrow ng around. |

tal k about |ithophysae. That's the holes in the rock. |If
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you wal k through the underground, they vary quite a bit, the
abundance. That's where you get the non-lithophysal versus
i thophysal character. You get a lot of different characters
of fracturing. Sonme of the fracturing is fromthe cooling of
the unit, sonme of it's fromtectonic activity in the area,
and you al so get horizontal partings that are also from
cooling of the unit. Again, we're mapping the character of
all those, understanding the timng, and how they influence

t he rock mass properties.

| don't think | need to dwell on this. It's a |ot
of what |'ve already said. Again, a |lot of panel mapping,
five of them a lot of traverses, and al so focusing quite a
bit, particularly in the lower lithophysal, this code here is
a section of the tunnel that we're tal king about. So, that's
1700 neters, 2500 neters down the cross drift, and that's
primarily where the |ithophysal unit is exposed. That spills
over a little bit into the lower non-lith, but, again,
focusing on |ithophysal character and abundance.

W' ve al so conpared those results to sone
observations that we've nmade fromvideo down as well as core
fromsone of the surface based boreholes. In this particular
case, we nentioned WI-2, which is down south. And, it's
inmportant to nmention that the results are consistent, and
again, it's a good type of the borehol e geophysical |og data

that we have a wealth of in the surface based borehol es.
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This is a summary slide that I'mnot going to
attenpt to go through in detail. But, it's intended to show
as a function of distance fromthe entrance of the cross
drift, all the way down to the end of the cross drift, the
different sorts of geologic data that we've collected in the
cross drift over the past several years. Again, | talked
quite a bit about a |l ot of the geol ogic observations that
we've made. | should also say what's shown on here is the
contacts. Again, this is in code, upper lith, mddle non-
l[ith, lower lith, and | ower non-lith.

It shows the major faults that we' ve mapped, as
wel|l as the green lines shown the | ocations of the bul kheads
that we have in the cross drift. And, again, it just shows
t he areas where we've coll ected data, where we've al so done
thermal properties, thermal mechanical properties tests at
the rock mass scale in the cross drift in this case. W've
al so done a fewtests in the ESF as well.

Just an exanple of sone of the results. This
happens to be as a function of distance along the cross
drift, the abundance of |ithophysal cavities, and then down
here is a calculation of the actual area of the |ithophysal
cavities, just to give you a sense for the sort of data that
we' ve col |l ected, the coverage that we do have, particularly
of the Iower lithophysal in the cross drift.

Alittle bit about fractures. Again, the fractures



© 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

90

are of different character, so the cooling fractures, sone
are tectonically related. The inportant thing is when you
| ook at sonme of the detailed fracture surveys, they match up
very well with the |ook that we did as we were nmappi ng.
You'll recall, we did line surveys as we were mappi ng, and
we' ve conpared these small scale fracture studies to those
results. And, just again, reenphasizing the point, the areas
t hat we' ve studi ed.

Switching to hydrology. You recall we've got the
cross drift crosses over top of the ESF. There's about 18
neters di stance between the two. W' ve taken advance of that
geonetry and put in a test alcove called Alcove 8 It's over
top of ESF Niche 3, and we're doing a | arge-scale flow and
transport test in the UZ, taking advantage of that geonetry.

Just a schematic of the test. Again, here's the
cross drift, ESF, you have Alcove 8 N che 3. Again, this is
about 18 neters. |1'll show sonme pictures of the infiltration
plot in a second, but we have both down | ooking and up
| ooki ng boreholes. Those are primarily for active
geophysi cal neasurenents to nonitor the travel to noisture
front.

A picture of the test bed. This is a picture from
t he back of Al cove 8 | ooking out towards the cross drift.
This is Niche 3. You see the collection trays in the roof of

Niche 3 that we used to collect the water that m ght seep



© 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

91

and al so shown here is a fault. There's a fault in the back
of Alcove 8 that we did sone additional testing on.

presented those results already in the past, and now we have
a large, arelatively large infiltration plot broken up into
twel ve sections, where we're doing a |larger scale of flow and
transport experinment.

It's also inportant to point out here that the
actual contact between the upper lithophysal and the m ddle
non-1|ithophysal is exposed about two-thirds of the way down
to Niche 3. So, we're actually travelling through two
di fferent sub-units of the Topopah in this test.

What |'ve already said, again, we tested a fault,
in the back, that's exposed here, that trench, and we're now
doing a large-scale, a larger scale infiltration plot.

Actual ly, you can see the white part of that plot right there
j ust beyond that water container.

Sonme representative results. This happens to be
fromabout a year ago. Plotted in blue are the actua
infiltration rates in Alcove 8 as a function of liters per
day, and then in red are the actual seepage results in liters
per day as collected in Niche 3. There's a delay. W see
t he devel opnment of distinct flow paths.

Here, the last nonth or so, we also introduced a
set of tracers. This was just water with |ithium brom de.

W' ve al so now i ntroduced a set of tracers, and that wll
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allow us to get nore information on transport phenomenon
within the UZ. | believe those were started in March and
turned off in April, so we're still waiting for arrival. W
have a set of predictions on what we think we're going to

see. It will be interesting to see how those conpare.

Movi ng to the bul kheads, again, we had a whol e back
half of the cross drift that had been mapped and our testing
plans didn't have a |ot of activity going on back there, so
there was a deci sion nade to basically bul khead them of f, not
ventilate, and | ook for evidence of seepage.

We nonitored back there for liquid water, and we've
tal ked about this several tines in the past. W have seen
evi dence of water back there. 1t's due to condensation, but
that's where we're at right now 1'mgoing to showa little
bit of review of sonme of the results, a few pictures. |1've
got a lot of pictures in the backup. That test continues.

We continue to nonitor what's going on behind the bul kheads.

| should also say there's a very detailed slide
that you probably need, it's going to challenge your eyes,
but this has been a very long test in ternms of how the
bul kheads have been opened, cl osed, when and what-not, and,
so, there's a slide back there that shows that chronol ogy.
don't intend to go through it, but it nmay be useful for sone
of you all who are interested in the details.

This is just a picture to show the character of
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some of the noisture that we' ve seen coll ected back there.
We've seen it collected. This happens to be a picture
| ooking up at one of the ventilation ducts, and we see
droplets form ng on the ventilation ducts. And, then, what
you're |l ooking at here is a picture |ooking down on the
floor. W had sone plastic collection sheets, and this is a
puddl e of water that gathered up over one of those plastic
collection sheets. W see it gathered on the conveyor belt,
and when | say we see it, that's because we periodically open
t he bul kheads and enter and wal k through and do observati ons,
enpty our sanple bottles, do chem cal analysis, et cetera.
Again, this is a summary of the observations.
There's not uniform noi sture distribution when you wal k the
tunnel after you've opened these bul khead doors. So, this

just gives you a sense for howit's variable. W think

that's primarily attributable to the presence of 1'Il cal
t hem heat sources back there. Early on, we still had power
running to the TBM tunnel boring machi nes parked at the back

end of the tunnel. That was driving, we think, a lot of the
condensation. So, if you look at that area back there, it's
dry and it actually remains dry, but as you wal k through the
tunnel, again, there's some variability in the noisture
di stribution.

So, we've also been nonitoring relative humdity in

the tunnel, and al so near the rock, in the near-field rock,
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as well as tenperature changes. And, as soon as you cl ose
t he bul kheads, it's clear the humdity rises very quickly. |
nmean, there's clear comunication between the rock and the
drift, no surprise. Spatial variability in tenperature,
again, and al so noisture distribution is likely due to heat
sources, very |ow power heat sources, actually. It's amazing
what sort of tenperature gradients drive sonme of these
phenomena, which |I'm surprised.

But, nultiple lines of evidence, we've done
chem cal analysis of the water, the character of the water,
the volune of the water, the way it's distributed within the
drift relative to the heat sources all show that they absorb
noi stures from condensation. It's fromtenperature
differences within the drift, and between the drift and the
surroundi ng rock.

Let's switch nowto thermal properties. Dave, how
much tinme do | have? 1'Il be okay.

Thermal properties, again, we've done a detailed
| aboratory field program |'mgoing to speed up a little.
|"ve tal ked about the | aboratory and field programin the
past. This is really just to bring up that we're now
conducting two additional tests, Tests 4 and 5. Those happen
to be in the lower |ithophysal and the upper |ithophysal, but
now i s exposed in the ESF down by the south ranmp. Simlar

| ayout, single heater holes, with two holes with thernma
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couple strings in themwth, again, drying out a small vol une
of rock to get rock mass thermal conductivity.

This is a review slide. You may not recall, but
|"ve used this before. This is thermal conductivity in watts
per nmeter K as a function of porosity of the sanple. This
shows the results of all the |ab experinents that were done
by Nancy Brodsky and coworkers at Sandi a over the past few
years. And, also plotted on here at what we call an
arbitrary porosity, neaning that it's not the actual porosity
of field scale experinments as it's shown here, but it just
shows how the field experinents conpare to the | aboratory
work that's been done. This is a well integrated | aboratory
field program very simlar to what we're doing in the
mechani cal properties area.

Representative results for Test 4, this is show ng
results fromone thermal couple hole as a function of tine.
W' ve al so added a conmponent now | ooki ng at the water
redistribution as we heat the rock. So, it's also show ng
the neutron | ogging data. So, the heater runs perpendicul ar,
so the tenperature swing is running towards the heater. You
see the bunp in tenperature, and then it runs to the other
cool end. You can use this data to do sone inverse nodeling,
and come up with thermal properties, thermal conductivity,
and ot her thermal properties.

This is an updated table. You've seen this table



© 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

96

before as well, showing the five tests now, and how t hose
conpare to the ranges of thermal Ks that we use in the
nodel s. Also, down at the bottom here, |'ve shown the range
of values that are used in the thermal hydrol ogi ¢ nodel s.
You may hear nore about these tonorrow fromBo primarily, in
his presentation.

Tom Buschek and his fol ks at Livernore have al so
done an analysis of the first thermal conductivity test using
NUFT, and the bottomline with that is they get results that
agree quite well actually with Nancy's work, and clearly show
that the thermal hydrologic effects on the test were
negligible. So, we really are getting reasonable rock nass
t hermal conductivity val ues.

| won't dwell on this. This is the results of
Tom s sinul ati ons showi ng how he's matched the data for,
again, Thermal Test 1.

Movi ng now to the nechani cal properties. Again,
simlar program |ooking at in the ESF in the cross drift,
conbined with the | aboratory program scale effects,
lithologic effects, |ithophysae effects on rock mass
properties. W did a lot of |arge dianeter coring, taking
sanpl es, doing | aboratory work. W' ve also done sonme in situ
flat-jack tests where we press on the rock to get at strength
paraneters. And, the field tests are conplete, and we

continue to do sone | aboratory nmeasurenents on sone of the
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sanpl es we took.

The | aboratory program we've presented results.
|'ve had representative slides. Mk Board has tal ked to you
in the past about strength and other paraneters as a function
of |ithophysal porosity and strain rate, et cetera. This is
a couple slides on sone ongoing work that we're doing on
creep, creep failure of sonme of the core. So, this is work
ongoi ng, corroboration of Sandia in an external |aboratory,

again, relatively small dianeter sanples, and we've conpl eted

twel ve sanples to date. And, the next slide is going to show
sonme representative results. Again, these are creep tests,
so what we are show ng here is--1 don't want to get into the
details, we can talk about it maybe in the questions if

you're interested, but it's a creep stress, and a way of
representing creep stress relative to time to failure of the
sanple due to creep. And this is in seconds, this is in a
per cent age because it's been normalized to the overal
strength. But, the bottomline is the relationship is
consistent with the work that we've done in reference to in
drift degradation nodel that can support the LA

Next, please? Saturated zone, Nye County. [|'m
switching nowto the SZ. Lots of water, as opposed to the
UzZ, very little water. Nye County has an ongoi ng program
This sinply shows the |ocations for the Phases 1, 2 and 3 for

their boreholes that were drilled. As you all well know,
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we' ve done cooperative work with Nye County in terns of
sharing sanples, and we've done a whol e host of neasurenents
and nodeling and used, | think, the results of their program
to great advantage for the program

Next slide? This is another slide just to show the
| ocation of the three additional boreholes that were drilled
for the Phase 4. They noved up Forty MIle Wash, so Yucca is
up here, so we're basically noving up Forty M| e Wash

Next slide? | want to focus again, the Board heard
a lot about this in early March at their Panel neeting. |
have a few slides here that tal k about sone of the work
that's been done, additional work that's been done on
hydrochem stry. Gary Patterson and fol ks at the USGS have
done a lot of this work, again, using the hydrochem stry to
val i date the SZ nodel

Next slide? Updated slide. This is a map view of
the area in Yucca Mountain. Up here, Crater Flat, Amargosa
Valley. This is a summary plot that uses the hydrochem ca
data and ties it to different 1'll call it hydrogeologic, to
a hydrogeologic framework at the different facies. So, the

di fferent conponents of the flow system This is, again, an

interpretation that's been nade by using the hydrochem stry
data. It's interesting to conpare this to the actual node
results when that's done in our AVRs that are being prepared

for LA.
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Next slide? You also nentioned in your letter
about the sonic core. | believe you saw the Nye County
facilities when you were out on your tour. They' ve done one
hole with a sonic core technique, and the nice thing about
that is it provides us very coherent sanples of the alluvium

The alluviumis not easy to sanple, and that's an inportant
part of our system downgradient. So, we are working
cooperatively with Nye County. One of the things that we're
doing is we're taking hydrochem cal sanples fromthat core,

and we have experinments underway to do detailed inorganic as
wel|l as trace elenent, inorganic trace el enent, mjor

el ement, mnor element, as well as isotopic anal yses of those
waters. Hopefully, in future neetings, we can tal k about
some of those results.

We are also doing flow and transport, planning flow
and transport experinments with sone of those core as well,
which will be very interesting.

Next? Finally, igneous, your |etter from Decenber
commented on sone of the stuff that we had done in the past
on igneous. As you're aware, one of the things that we have
ongoing is |ooking at sone of the additional anonalies that
have been identified in the area, and have been identified as
potential buried volcanic centers. And, so, it's inportant
that we better understand that to refine our vol cani sm

probabilistic analysis if necessary.
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So, we're doing a detailed aeromag survey. Recal
Nye County, in cooperation with USGS at Menlo Park, did a
detail ed survey back in the "99 tinefrane. W are now doi ng
some additional surveys.

The next slide shows just a map of the area. In
blue is an earlier version of the area that we were going to
do the detailed survey. M understanding is that we are now
planning on filling in this area so that we will also survey
over in here. And, we're also extending the survey to the
south. What's shown on here in red triangles are the actual
vol canos. The circles are the anomalies that were identified

during the 1999 survey. Then, there's also shown on here

pl anned drill holes and contingency drill holes. After we do
the survey, we'll interpret the results.

In the plan, it would allow us to go and drill sone
of those anonmalies if warranted, to do sone detailed

geochronol ogy on sone of those centers. That would be very
inportant to get the age control. Again, that's only in the
plan. W've got to evaluate the survey prior to deciding

what we're going to do. So, that's ongoing.

And, then, | think the final slide is just a
picture of the helicopter pulling the tool, it's about 60
meters out to--that's out in Crate Flat actually, |ooking out

towards Death Vall ey.
And, finally, summary. Sorry if |I had to go a
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little quick, but I wanted to try to give you all a feel for
t he ongoi ng science programin support of |icensing
activities. W continue to address uncertainties and build
confidence in our nodels as we nove forward.

And, 1'Ill take questions.

DUQUETTE: Thank you very nuch, Mark. You al ways amaze
me how nuch material you can pack into about 30 m nutes.

PETERS: Hopefully it wasn't too hard. Hopefully, it
wasn't too hard to get.

DUQUETTE: No. Priscilla?

NELSON: Nel son, Board. Thanks, Mark, as al ways.

There are a couple questions. One deals with the
mnerals, mneral studies in the UZ. Part one is are you
controlling these two, cover all block units, spatial contro
i thophysae size, or are they being controlled within the
dat abase? And, then, secondly, is the drive percolation rate
informati on being used as a way of testing Alan Flint's nodel

for percolation rates expected to vary across the nountain?

PETERS. Ckay, let's take the first one first.
The sanples are taken within a geol ogi c context.
They're oriented. | nean, Zell could probably stand up here
and tell you a lot nore, but, yes, they' re taken from

different characters, |ow angle, high angle fractures,
i thophysal cavities, where they occur. So, | think we've

got that controlled, and docunentation on how they're current
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geologically relative to what they're telling us chemcally.
| think I answered.
NELSON:  Yeah. Nel son, Board.
Just what |I'mlooking for is the connection between

what you're observing on the mneralogy relative to size.

PETERS. Right. Yeah, | don't know, |'m probably not
going to be able to tell you if there's sonmething systematic
about the character as a function of size of the lithophysal
cavity. 1'll say this, that in the cavities, | think you're
aware of this, they tend to be focused spatially along the

sides and bottom as opposed to the tops.
But, in terns of variation and size, nmaybe we could

talk to Zell about that later, and | could get an answer.

NELSON: Ckay. \What about the ability to use the
inferred percolation rate. You're calculating or inferring a
percol ate rate based on rates of deposition. According to
Alan Flint's nodel, that would be expected to vary across the
nmountain. |s your data showi ng that or supporting that?

PETERS: No, I'mw th your question. [I'mjust trying to
remenber if we see the spatial variability. [1'Il say this.
As a multiple line of evidence, it's always given us great
confi dence when you | ook at those long-termgrowth rates. It
typically corroborates a percolation flux of 1 to 10
mllimeters per year, which is what we see fromother lines

of evi dence.
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Now, Zell m ght have to answer. Do you see spati al
variability across the block in terns of the percolation
flux? In ternms of what you see in the character, is there
spatial variability across the bl ock?

PETERVAN. There is spatial variability. And, | guess
the best exanple is under Drill Hole Wash, which in that
section of the ESF, that's the greatest abundance of the
secondary minerals, and that fits Alan Flint's infiltration
nodel in the sense that he would say that under the present
climate there isn't nuch infiltration. The water transpires
back out before it can get into the bedrock, for the nost
part. But higher than 10,000 years ago, very likely, there
was, and that's certainly consistent with the abundance of
calcite in that interval. Elsewhere, you re sort of
restricted to, you know, what's available in ternms of
depositional sites. You have to have, you know, soneone open
five cavities--there are large intervals where there aren't

such figures.

NELSON: Nel son, Board. It just seens like that's a
real interesting thing to followup on. [It's such a
fundanmental prem se of the way the nountain operates.

PETERS: Good point.
NELSON: And, just to hit one nore thing. Wen you
pl otted rock mass thermal conductivity information, there's

been a | ot of accent on water content, noisture content, as a
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function, but I was really | ooking for sonething that also
i ncludes vol une tested, because the sensible rock nmass, a | ot
of the tests were run on core.

PETERS: Ri ght.

NELSON: And, the sense of the volune of rock nmeasured,
rather than a w der content, which is necessarily itself a
poi nt nmeasurenent. The volune is going to be very inportant.

PETERS: Agreed.

NELSON: So, if you have plotting versus vol unme woul d be
very interesting.

PETERS. GCkay. W can certainly do that.

PARI ZEK:  Pari zek, Board.

| had simlar comments as what Priscilla asked
about in terns of episodic flow If one gets fromthe
various dating of calcite growh, for instance, where you
really do get sone evidence of not a |ong-term average
percol ation flux, but variability with it, then how that
mght fit into that nodeling.

Then, as far as Page 29 on the cross drift seepage
experinments, was anything done here with colloids, either
addi ng them as m crospheres or just capturing water from

bel ow to see whether or not anything is com ng through as

particles.
PETERS. There was intent, but did we add m crospheres
this time? No, we still have not yet added m crospheres into
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the tracer mx. That's in the long-termplan for the test,
but we haven't yet done that.

PARI ZEK: So, that's still being schedul ed?

PETERS: Yes, and whether we do it or not, | can't stand
here and say we woul d absolutely do it, but it's under
consideration for the long-termfuture of the test.

PARI ZEK: Right. Then, as far as the heater experinent,
there's dryout zone shown in the one diagram and you had two
figures, which I guess you could overlay one with the other.

One showed the nodel forecast of dryout, and the others are
t he poi nts where actual neasurenents were taken. So, aml
correct | could overlay those two figures?

PETERS: Except that the predictions are saturations,
and the data are noisture content.

PARI ZEK:  Okay.

PETERS. So, | can talk to you separately, and we can
dry to do that conversion

PARI ZEK: Al so, Parizek, Board, again, |ooking for sone
evi dence of this drift shadow devel opnent, it seened |ike
there's sort of a symmetrical dryout.

PETERS: Ri ght.

PARI ZEK: And, we're not getting a tear drop look to it
yet, or maybe it shows in other datasets. Can you comrent on
t hat, whether we see evidence of the drift shadow? Any

funnel tests, for exanple?
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PETERS: Ri ght.

PARI ZEK: Right now, it seenms symmetrical as a dryout
poi nt .

PETERS. And, | would say fromny perspective, we
haven't probably laid that test out well enough to really
| ook for the geonetry of that shadow. You know, if we were
really to go after the drift shadow, we would have to
conceive of a very different--1 don't think you could really
say much about the drift shadow fromthat, at |east the way
the test is laid out.

PARI ZEK: And, Page 47 is the chem stry, which is really
i ke a collaborative evidence of nodeling, and | guess these

are not new data points. These we probably woul d have seen

in the March panel neeting?

PETERS: Yes, you probably saw this data. | presented
sonmething like this in the past as well, but this has been
updated with the new data. But, Gary probably presented it.

PARI ZEK: One can al nost see the green as being sort of
a shot straight south, versus the southeasterly path, and,
so, this is multiple lines of evidence to support a
sout heasterly southerly flow has to be kind of dealt with
And, the chem stry is just one of those independent |ines of
evi dence that you folks are using, but it's worth comrenti ng
on.

PETERS. It tends to be nore southerly as opposed to
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sout heasterly? Right, this particul ar dataset.

PARI ZEK:  Thank you.

DUQUETTE: Leon Reiter?

REI TER: Leon Reiter, Staff.

Mark, | noticed that in your cross drift, you have

a--planned thermal outgo. There's been a |lot of tines

di scussi ng whether or not the conditions are right for
del i quescence, and at |east |ocalized corrosion during the

t hermal pul se--

PETERS:. For that thermal test?

REI TER  Yes.

PETERS:. As currently conceived, it's not going to go
after conditions inside of a drift. It was conceived as a
coupl ed processes rock test. That's not to say that we

couldn't try to set up atest. |If | was to go--if the
details would go--just localized to ne are nuch nore anenabl e
to nore controlled | aboratory experinments at this stage. W
could certainly try to go after sone of those objectives in
that test. One of the things | would go after in that test

was seepage before 1'd go after deliquescence inside of a

drift. W can certainly talk about that. 1It's on the books,
but it hasn't been fi el ded. It's been reevaluated this
summer as to whether and if we conduct that test. And, so,

think we can put that in as one of the possible objectives.

But, ny first inclination would be that woul d be tough,
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del i quescence inside of--the controlled manner.
Dl ODATO Diodato, Staff.

Mar k, thanks again for your usual excellent
presentation. Very informative. Slide 8, this is the drift
scal e test, and you' ve got tenperatures here on the ordinate
and centigrade; right?

PETERS: Yes.
DI ODATO  So, then, for Slide 10, there's the cross-

sectional imge now. So, are these tenperatures also then in

degrees C?

PETERS: Yes. |It's a contour nap.

Dl ODATO Right. So, |ooking at, you have the
saturations plotted down to as |l ow as 80 per cent, and then

" m | ooking at the, say, 100 degree boiling isotherm 1| stil
see saturations there between 80 and 90 per cent above that,
and then it for sonme reason drops off to zero. There's

not hing plotted bel ow the 80 per cent nunber.

PETERS: Right.

DI ODATO Is that normal that there be Iiquid water
still in the zones above boiling tenperature in this
experinment ?

PETERS. You nean--we have relatively |ow saturations.
DI ODATO Oh, these are 80 to 90 per cent saturations.
PETERS. Yes, I'mnot going to be able to speak to the

details of that probably standing up here.
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was j ust wondering about it, because it

It's a good questi on.

t's very fundanmental. And, the other

guestion was on Slide 50, you got the volcanic centers and

the plans for the drilling. | don't know, | was just
wondering, you' ve got drill hole |ocations planned. There's
t he observations of the anonalies. 1Is there sonme reason

t hey' re not

PETERS:. |

in the sane | ocati on?

think it's probably just so they didn't

overl ay the synbol s.

DI ODATO  The graph?

PETERS: Yes. The drill holes would be intended to
drill the anomalies if warranted. | want to be clear,
t hough, we're not saying we're going to drill all those
anomalies. W've got to evaluate the aeromag data before we
deci de what we're going to do.

DI ODATO  Got you. Thanks.
PYE: Pye, Staff.
Slide 37. This data shows thermal conductivity al
tested bel ow 100 degrees. |1Is there a reason why?
PETERS:. |It's because it's the first phase of the test.
We're in the process of heating it up to go above boiling

now.

PYE:

kay.

And, Slide 38, you' ve indicated sone test
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data here, and then at the bottom of the page, you' ve

i ndi cated a range for thermal hydrol ogi cal nodels for, for
exanple, lower lith from2.14 watt nmeter to 1.3. How do you
justify that range?

PETERS. What | did here at the bottomwas sinply take
the ranges that are used in both the drift scal e seepage
nodel and the nulti-scale nodel, their neans and their plus
or m nus standard deviations, and sinply wote them down as a
range there just for your information.

PYE: So, the 1.3 is a nean m nus sonme standard
devi ati on?

PETERS. Yes, the neans are basically what you see here.

PYE: Okay.

PETERS: Close to it.

PYE: Al right. | remenber in SSPA, we | ooked at a
i thophysae range of extreme value fromzero to 25. Well,
field data clearly shows now that the mean |ithophysae

porosity is around 25 per cent, and can be as high as 52, 56,

if you include the large |ithophysae popul ation as part of
t he general population. So, again, I'msort of intrigued as
to why you bounded it just at 1.3 watt nmeter K, when if you

do a sinple volune averaging nodel, it would indicate that it
woul d be, in fact, |ower.

PETERS. Even | ower.

PYE: Yes.
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PETERS: | think Tom the nulti-scale nodel, he's done
sensitivities probably maybe even down bel ow that, John. |'m
not going to be able to defend the details of Tom s
sensitivities, but he's done a |lot of sensitivities probably
| ooki ng at even | ower thermal Ks.

PYE: Okay.

PETERS:. You'd have to look at his AMR They're al so
| ooking at--one of the things that they're doing as part of
the regulatory integration effort that John nmentioned is
they're | ooking at the details of the Iithophysal porosity

data relative to the thermal K data, and possibly doing sone

technical adjustnments. [|'maware of that as well.
PYE: Well, | just finished reviewing the drift
degradation report, and, again, froma regulatory integration

point of view, it seens like you' re using the old therma
conductivity data.

PETERS: They're probably ironing out sone differences
in what paraneters they're using with thermal properties.
will not disagree with that.

PYE: Right.

PETERS:. Consistency is inportant, as you well know.

PYE: Right. And, again, froma repository design point
of view, all things being equal, thermal operating node,
ventilation, duration, et cetera, the inplication is if you

hold the thermal criteria as they currently are, it would
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i ndicate you need a |arger repository, based on therma
conductivity decreases.

PETERS: |'mnot going to agree with that.

PYE: Well, I'"'msaying if you hold all the paraneters
and the thermal criteria as they currently exist, it would
require a bigger repository.

PETERS:. |1'd |ike to see your analysis of that.

DUQUETTE: Ron Lat ani si on.

LATANI SI ON:  Lat ani si on, Board.

Slide 43, could you just remind ne of the point of

this work, the objective?

PETERS:. |It's intended to | ook at how rocks may fail to
creep.

LATANI SI ON: Ckay.

PETERS: And, it's inportant for long-termdrift
degradation primarily, once you have an opening, how it m ght

creep as opposed to the instant failure or it's basically the
rock's creep to failure. So, after you make the opening,

they creep over time, function of tenperature, and ultimtely

fail. That's a very inportant paraneter for understandi ng
long-termstability of the opening. Does that hel p?

LATANI SION:  Well, it helps, and | realize that the test
that you' ve identified, and according to the previous slide,

twel ve sanpl es have been tested at this point.

PETERS: Ri ght.
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LATANI SION:  And, this is at 125 degrees Centigrade, so
they're dry. But, is there an issue associated with noisture
in--the static fatigue of ceramcs in general, is dependent
on their environment. Wuld noisture make a difference, and
is that inportant to you?

PETERS: | think, yes, | think it would nake a
difference. 1It's inportant. Separate fromthe creep test,
we' ve done some of our other mechanical tests as a function
of tenperature and strain it in other parameters. | can't
speak to how this woul d change as you went up in saturation

But, that variable has been taken into account.

LATANISION: Is it on the radar screen in ternms of
exploring it?

PETERS. |'mnot sure what future creep tests we would
do at higher saturations, but it's certainly sonmething we
have to discuss in our basis, so that we understand the

effects of the | ower tenperatures.

DUQUETTE: Thank you very nuch, Mark. | think you're
done.
|'"mgoing to call for a very, nore of a stretch
than a break, for about five mnutes, just so people can get

anot her cup of coffee and stretch a little bit. And, I'd
like to get us back on track, as we're about a half hour late
at this point.

(Whereupon, a very brief recess was taken.)
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DUQUETTE: | want to nake one announcenent. Because
we're running so late, we're going to take an early |unch
breach. W're going to break at about 11:45, and cone back
at about 1 o'clock for the afternoon neeting, so that we can
run the corrosion session concurrently, sequentially.

The next talk is by John Ake, the geophysicist from
the U S. Bureau of Reclamation, and he's going to update us
on the seism c studies.

AKE: Well, thanks for the opportunity to provide an
update to the Board on where we've been going for the |ast
year or so in the devel opnent of seismc inputs at Yucca
Mount ai n.

I"d like to spend the next period of tine talking
about a very brief recap of sone of the information that you
have presented | ast February in the Board neeting in Las
Vegas, with a particular enphasis on the rather problematic
| ow probability seismc events. And, then, based on that,
l"d like to wal k you through where we're goi ng, where we've
gone in the |last few nonths, and where we see ourselves going
in the next few nonths, in our effort to try and devel op nore
realistic |low probability ground notions for the Yucca
Mountain site.

A bit of background here. Because our regul ar code
of requirenents are for us to use a risk-informed approach to

repository performance, that requires that our seism c design
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i nputs be cast within a probabilistic framework. Wth that
in mnd, back in md N neties, the project undertook a
detail ed probabilistic seismc hazard analysis, PSHA, for the
Yucca Mountain site.

This was a very structured and detail ed eval uation
that followed a well devel oped sort of procedures. That
particul ar met hodol ogy has been revi ewed by the National
Acadeny, and previous accepted by the NRC in other nuclear
facility licensing processes.

One of the real advantages of the PSHA process is
that it allows a very good framework for the inclusion of
both scientific know edge based uncertainties, as well as
aleatory variability in all of our different input paraneters
and out puts.

An inportant point 1'd like to point out here that
we're going to cone back and tal k about again in a couple
nonents is what we call the aleatory variability in ground
notion attenuation functions in the current PSHA are nodel | ed
as unbounded | ognormal distributions. It's a very inportant
poi nt .

Anot her couple of issues | want to point out here
as well. At the tinme of the conduct of the study in the md
to late 1990s, we anticipated that the region of the risk
frame, if you wll, that we would be interested in were

generally on the annual frequencies of exceedence in the
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range of 10° to perhaps 10° based on previ ous experience at
nucl ear facilities.

Subsequently, 10 CFR 63 was issued, and in
particul ar, Subsection 114 of that particul ar docunent
requires us to at |east consider events that have
probabilities of occurring of one part in 10,000 within the
10, 000 year regulatory conpliance franework. So, in other
wor ds, that opens the door to at |east consider events that
have probabilities as |ow as 10°

Anot her inportant point here is that it's our
requi renent to use the nean seismc hazard in our design and
performance confirmation.

A quick recap of the PSHA. The PSHA consists of
two basic elenents, source characterization, and ground
notion estimation. The source characterization is just the
devel opnment of the inventory and characterization of all the
fault sources or seismc sources that could provide vibratory
ground nmotion or fault displacenent hazards of engineering
interest at our site.

It involves devel oping estimates of the slip rate,
or how often earthquakes occur on a particular source, the
maxi mum magni tude that m ght occur on that source, and the
geonetric considerations of the sources, the geonetric
attri butes.

| should point out that all of the inputs that go
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into that part of the source characterization nodel, nmaxi mum
magni tude, slip rate, et cetera, are all represented in the
PSHA framewor k as bounded distributions. The map view here,
we point out the proposed repository shown here in pink. |
only show this to point out a couple of things. One is the
exi stence of Solitario Canyon Fault along the western margin
of the Yucca Mountain block here, and the other is the

Pai nt brush Canyon/ Bow Ri dge System on the eastern bl ock
boundary of the bl ock.

The source characterization was supported by lots
of very detailed studies, including trenching. Once we
defined all the seismc sources, the next step in the PSHA
process is to, for a given nmagnitude and di stance on a
source, is calculate the ground notions at our site. To do
that, we availed ourselves of the available enpirical data,
of which there's, for our site, type of site, not very much

And, we supplenented that with a | arge nunber of theoretical
ground notion estinmates, cal cul ations.

And, again, | point out that we used in the source
characterization, bounded inputs by the ground notion
attenuation functions that we get out to cal culate the ground
notions, given those sources, unbounded | ognormal inputs.

So, after we have done all of that, the output of
our PSHA cal cul ation on machinery is a set of what we call

seism c hazard curves. They're produced for a range of
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vi bration of frequencies. 1In this case, we show three, the

hi gh frequency, or peak ground accel eration, the | ower

frequency portion of the vibrational spectrum ground

velocity, and internedi ate one here.
There are three things | wanted to poi

these particular curves, the first and nost obvi

nt out on

ous i s the

very | arge ground notions predicted at the | ow annual

probabilities, are below 10°. You can see we predict for

peak ground accel erations, very |large val ues, si

X 0Or seven

GUs here, and maybe as much as 12 GQUs here for 10°.

The second thing I'd like to point out

of these curves. And, again, keep in mnd here

is the shape

that we're

focusing on the nmean curve here. Notice the change in shape

of these curves as we progress down through | ower and | ower

decades, and probabilities face here. The nean

fractile curves here al nost becone asyntotic to

and hi gh

the X-axis.

This is, of course, troubling to any physical scientist

because this inplies for arbitrarily | ow probabi
woul d predict arbitrarily |arge ground notions,
intuitively make any sense.

And, the third thing I'd like to point

notice the extrene asymmetry in these probabilit

lities, we

whi ch doesn't

out is

y

di stributions. Just what you're |ooking at here is for a

particul ar ground notion value, what is the dist

that? Notice the strong deviation of the nean f

ri buti on on

romthe
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medi an at the |ow probability level. That's a function of
very | arge val ues being included fromthe unbounded
attenuation function inputs.

Next slide? An alternative and inportant way to
| ook at the ground notion hazards is to | ook at what's call ed
t he deaggregated hazard. 1In this case, we show the
deaggregati on by magni tude, distance and epsil on.

The thing I'd like to point out is we have to do
t he hazard for a particular vibrational frequency. In this
case it's 5 to 10 hertz. And for given annual probability

exceedence, and in this case, it's the exanple we showed

here, for the 10’ hazard.

What we can see here is that virtually all the
hazard at this |level, annual probability level, is comng
bet ween magni tude 5.9 and about maybe to 6.8 earthquakes.

And, it's all coming within 10 kiloneters of the source.

This is the contribution to the hazard. This level is
arising fromthe Solitari o Canyon and Pai nt brush Canyon Fault
syst ens.

The thing to point out here is these very |large
ground notions are not comng fromextraordinarily |arge
magni t ude earthquakes. They are com ng from noderate
magni t ude earthquakes very nearby. [It's not necessary to
have an extraordinarily | arge earthquake, one consistent with

getting its own mni-series during sweeps weak, or anything,
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but these are actually noderate magnitude earthquakes.

So, when asked well, why are the ground notions so
big, well, the ground notions are so big, as explained by
epsilon here, which can be thought of as very simlar to
sigma, the nunber of standard deviations away fromthe
medi an. And, this shows that virtually all the hazard, |ow
probability, is being contributed by contributions beyond +2
sigma. This is where that tail, net distribution comes back
to adversely affect our hazard results.

Next slide. So, summarizing the existing results
that we cane up with under PSHA, and you were briefed on | ast
February, we, for |ow annual probabilities of exceedence, we
predi cted very |l arge nmean ground notions. Also, asymetric
probability distributions in that |ow range.

I f you, for a nonment, accept the prem se that these
very | arge ground notions are possible, and try and back
cal cul ate what source paraneters, what paraneters at the
seism c source would be required to produce those, you end up
with extraordinarily large estimates of things |ike the
dynami c stress drop. Those estimates are far beyond any
esti mate anyone woul d postulate, at least in print so far.

Secondly, if you take our seismc inputs and drive
our site response nodel with those very large inputs, you
calculate extraordinarily large strains in the near surface

rocks. This is an extrenely inportant point here, and we're
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going to conme back to this in detail later. But, this
suggests to us that there is a disconnect between what's
possible at this site, and the [imtations inposed by the
rocks thensel ves.

W were aware of sonme of these problens, and
poi nted themout in the February neeting. The Board
expressed their reservations about noving forward with these
extraordinarily conservative and possibly unrealistic val ues
to the Departnment in a letter last spring. |In reaction to
our own concerns, as well as the concerns voiced by the
Board, we have decided to nove forward with trying to devel op
some nore realistic estimates of the | ow probability notions,
and we're trying to do this within the basic franmework
provi ded by our existing PSHA study.

The fundanental assunption we're going to base this
on is what | nentioned a nonent ago, in that there are very
real and definable limts to the strengths of the rocks at
the repository elevation, and that the ground notion and the
anplitudes that one can transmt through those are
fundanmental |y determ ned by those strength properties.

And, what we're going to try and do is establish
what those shear strain [imts are that would produce failure
and fracture within the tuff units thenselves. W have to
keep in mnd that this |imt or criteria we define has to be

consistent wwth our ability to resolve what that would | ook
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like within those rock units at repository elevation, and it
has to be consistent with our geol ogi cal observations. And,
once we've defined that shear strain criteria, then we can go
back and cal cul ate what peak ground velocities in this case,
or ground notions, are consistent with that strain threshol d.
And, we think by doing that, we wll have a nore consistent
and representative set of |ow probability ground notions.

How do you go about determning the limts to the
ground nmotions? Well, our assessnment thus far is this is a
hard problem It's not trivial. |[|'d characterize it as a
cutting edge research topic. The only place this has really
conme to the fore have been here at the Yucca Muntain
project, and on the PEGASCS project in Switzerland, also a
nucl ear related facility.

The PEGASCS project has actually noved a little bit
ahead of us on this in terns of tineline. The approach they
t ook, however, was sonewhat different than what we're going
to propose here. They tried to determ ne the absol ute
physical limts on the ground notions, in other words, what
are the biggest ground notions one could ever see, period.
And, they discovered very quickly that this is a hard
problem and that is not necessarily anmenable to that
appr oach.

Based on experience the Swi ss had, and our own

consi derations of the data we have available to work with at
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Yucca Mountain, we decided to approach this as a nore site
speci fic problem and approach it within a probabilistic
f ramewor K.

There are a coupl e of background notes on this.
Agai n, the ground notion anplitudes that we predict for very
| ow probabilities are nmuch | arger than anything that's ever
been observed worl dwi de anywhere. That, unfortunately, says
that the existing observation database of ground notion
reportings in probably not going to give us a very robust
handl e on the upper limt of the ground notion, that that's
partly because rare events happen rarely. W' ve only been
monitoring in this sense for about 30 years or 40 years.

The other thing is is we're going to focus on
| ooki ng at peak ground velocity as our ground notion neasure
of interest here. And, the reason for that is is that's the
ground notion nmetric that we use to scale our tine histories
and eval uate damage to the drifts and to the engi neered
barrier system

And, we decided, as | said a nonent ago, to
eval uate these boundi ng ground notions on PGV using very site
speci fic physically based argunents. And, in fact, that
argunent really centers around this, that the very intact
nature of the tuffs at repository elevation and the delicate
m neral deposits contained within those rocks suggests to us

that no truly extrenme ground notions have occurred at this
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site since the rocks were deposited 10 to 12 mllion years
ago. They, in a sense, provide a very |ow resol ution
sei snoscope that's been there for a very long tine.

We choose to focus on a very site-specific approach
here because of the fact that I think at Yucca Mountain we're
very fortunate in that we have of course driven tunnels into
the rocks we're interested in. W can go out and we can | ook
at them touch them W' ve sanpled them taken to the |ab

and tested them The geol ogi sts have gotten out here with

their face right on the rock and mapped this in excruciating
detail in sone places, and that gives us a real decent
dataset to go after this problemwth.

The exi sting geol ogi cal observations that we're
going to try and | everage for this problem have been
conducted at a variety of different scales here. A very
smal|l scale core and thin section really allows us to devel op
an understanding of really nore of the secondary m neral
deposits in the rock nass.

O interest to us are the detailed Iine surveys and
photo inventory in the ECRB and ESF. In particular, sonme of
this data has allowed us to devel op an inventory of the

exi sting fractures and understand that the genesis of nost of

the fractures, which appears to be nostly related to proven
phenonmenon, and al so | ook at the Iithophysae, and I'Il show
why that is of inportance to us in a nonent here.
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We're real interested in whether the |ithophysae
have been defornmed, or whether there are lots of fractures
around the |ithophysae.

In addition to the geol ogi cal observations, we've
taken sanples to the |ab, and we've tested the sanples.

We're particularly interested in the large core sanples |ike
this, because we think they're the nost representative of the
behavi or of the rock mass as a whol e, because they have lots
of lithophysae within the rock mass. W used sone of these
results to calibrate our m cro-nmechanical nodels.

An exanpl e of sonme of the stress strain curves
where we're going to rely on here, this is an exanple from
one of our |arge sanples here in the I ower |ithophysal tuffs,
and you can see that we define an approximte failure strain
here of approximately .34 to .36 per cent. This is in the
[ithophysal tuff units.

However, this is for surface tested, any axially
surface conditions, and we have to nmake an adjustnent for the
fact that at repository depth of approximately 250 neters,
you have overburden stress to take account of, in other
words, part way up this |oading curve, so, you have to
calculate the strain increments to get to the failure here.
And, in this case, it turns out for this sanple to be about
.2 per cent strain.

This is a summary of sone of the |large sanple data
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that has been corrected to this overburden depth of 250
nmeters, and you can see that our shear strain limts now are
bet ween about .09 per cent and about .34 per cent here, with
the bul k of the data below .2 per cent.

So, we're going to focus now on the |ithophysal
units, and we're going to do that for the following. W feel
that that is our nobst sensitive baroneter of large strain in
t he system here, and that would be the first place we would
see fracturing manifest itself, is within those units.

W're going to try and rel ate the geol ogi cal
observations and test data together by doing sone nodeling,
and the nodeling that 1'mgoing to show here is from work
done by Peter Cundalin (phonetic), who is associate to the
| TASCA Corporation. And, their data, their nodeling efforts
originally calibrated to the large block test, the 288
mllimeter bl ocks.

This is an exanple of sone of the results that
Peter and his associates got, and this is a 1 neter by 1
nmeter block here that they've exercised to failure, if you
will, and you can see the fractures that develop within the
sanple here. Basically, the existence of the |lithophysae,
they act as stress concentration points. |In alnost al
cases, the fractures nove between these |ithophysae, and you
get this very diagnostic shear bending in here. This is for

a random arrangenent of |ithophysae. And, we've al so done
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the sane sorts of tests using stencils fromthe mapping
wi thin the tunnels thenselves of the |ithophysae, and you can
see exactly the same sort of behavior in all the tests.

We argue the fracturing of this magnitude woul d
certainly be observable within the existing geol ogi cal
mappi ng. And, Steve Beason and Dave Buesch and their
col | eagues indicate that they feel very strongly that if
fracturing of this type existed within those rocks, they
woul d easily be able to identify it, would have in the
previ ous mapping efforts.

We define a particular termhere for this type of
behavior. W refer to this as the onset of systematic
fracturing, OSF.

A sunmary of the various test data corrected, data
here, this is fromwork done by New Engl and Research and
Sandi a Labs, | believe. But, anyway, the summary statistics
here for the mean shear strain limt to produce OSF, if you
will, ranges fromabout .13 to .2 per cent strain. You see
t he standard deviations are relatively small here.

So, based on the nodeling results, the geol ogic
mappi ng, and the fracture inventory and |ithophysal
inventory, we have defined a distribution on shear strain
that's consistent with the onset of systematic fracturing
here. W're nodeling that as a truncated norma

distribution, with a nean of .2 per cent strain, with a sigm
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of plus or mnus .1 per cent, and the limts on that are .05
and .4 per cent strain.

So, once we've calculated or evaluated a limt on
t hat shear strain threshold that would | ead to obvious
signatures within the rock mass, we can then go back and
cal cul ate what does that correspond to in terns of the ground
nmotion, in this case, peak ground velocity. And, we do that
by incorporating the uncertainty in the shear strength
threshold itself, as well as we exercise our site response
nodel here to try and incorporate the uncertainties in the
density, nodul e reduction and danping, and in the short
velocity profile at the site.

So, what we end up with is a distribution on the
mean boundi ng ground velocity, and that's the output of this
particul ar exerci se.

So, to sunmarize that, we're really basing this on
one fundanental physical observation, and that is the absence
of any geol ogic indicators of seismcally-induced deformation
within the repository rocks. And, the framework for that are
t he original geol ogic observations, and the |aboratory
testing, and the nodeling. Based on that, we develop a
di stribution on the threshold shear strain, and once we have
that, we do go back and cal cul ate the ground notions that are
consistent with those strains.

We feel multiple Iines of supporting evidence that
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really add a basis to this case, and I'mgoing to spend just
a couple nmonents tal king about those in a second. And,
again, we're offering this as a probability distribution on
t he bounds.

So, howis this actually used within the TSPA node
now? Well, the way it's used is the followng. W have our
exi sting hazard for peak ground velocity, which as |
i ndicated, is our ground notion netric of inportance for
sanpl i ng our seism c consequences, and putting that into the
TSPA. It's working right nowin the current runs of TSPA,
that the TSPA, each realization goes in and sanples the
exi sting nean peak ground vel ocity hazard curve, and at the
same time, it goes in and sanples this distribution on peak
ground velocity, and the distribution we're using on this
bounded peak ground velocity is a uniformdistribution
bet ween one and a half and 5 neters per second. That's
consistent with those strain limts we described a nonent
ago, with that ugal ci non strain.

And, it conpares, the TSPA then conpares those two
val ues, and if the peak ground vel ocity bounds, and uniform
distribution is I ess than the PGV sanpled fromthe existing
hazard curve here, then it uses the smaller of the two
val ues.

So, there's a little bit of supporting evidence |I'd

like to talk about just for a nonment here. Recall a few
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nonents ago, | described how if we assuned very |arge ground
motions, like 107, were real and tried to back calcul ate
source paraneters for those, we got really unrealistic val ues
out of that. Well, if you do the sane exercise with our
range of peak ground vel ocities between one and half and 5
nmeters a second, you still get very large stress drops, but
they're stress drops that we could maybe associate with plus
3 sigma kind of stress drops, which is entirely consistent
with what we're trying to do here. Those are very renote,
probabilistically very |ow probability that that woul d be the
answer, but they are not beyond credibility. They are
certainly credible estimates of what the stress drops m ght
be, very large stress drops.

The second is looking a little bit at the question
of shattered rocks. The supposition here of course is that
| arge notions will in fact shatter the rocks. And, Jim Brune
and sone of his colleagues have been working on this for a
while, and we think there's good evidence that that is, in
fact, a good assunption.

And, sone of the work that's been done in addition
to just the strength of the rocks, there are existing
fractures with secondary mneralization within the
repository, the tuff units, and the geol ogist feels strongly
that they can docunent a | ack of offset within those

fractures based on that secondary mneralization since the
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formati on of those mnerals.

Al so, sone very delicate crystals I'll show an
exanple of in a noment that seemto support at | east
qualitatively the lack of any extrenme shaking at this site.

This is a slide fromJimBrune at the University of
Nevada, Reno. And, Jim has been working in California for a
nunber of years here trying to | ook at investigating the
occurrence of shattered rocks, and he has found sone really
interesting evidence. He only sees the shattered rocks in a
very few places, and those places are on the hanging wall of
thrust faults, where we have fairly conpetent materials.

And, you can see that these rocks are fractured at virtually
every length scale possible, and if you just go off the slide
this way a few hundred nmeters, and across the fault tip, on

the footwall rocks, you don't see any of the sane sort of

behavior at all. You see relatively conpetent materials.
And, this, observationally, see this in only these
pl aces, and theoretically, we can show, you know, in our

ground notion nodeling cal culations why this is the case,
that you have energy trapped in that wedge that |eads to
extraordinarily high ground notions. And, we don't see
anything like this anywhere in the basin and range. It's
certainly not in the extensional kind of terrain we have at
Yucca Mountain site.

Conpare that type of behavior in the rocks with
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what we see within, this is a panel map, within one of the
i thophysal units here. You can see where you have | ots of
i thophysae, but essentially totally unfractured rocks. Now,
keep in mnd that, you know, for the probabilistic
perspective, that these rocks are 10 to 12 mllion years old,
and based on the slip rate and proximty of the Solitario
Canyon, Paintbrush Canyon Fault systens, these rocks have
seen sonmewhere between maybe 100 characteristic type maxi mum
eart hquakes on the Solitario Canyon, perhaps as many as 50 on
t he Pai nt brush Canyon system These rocks have experienced
t hat many ground shaki ng epi sodes. Certainly earthquakes do
happen in the Yucca Muuntain area. These rocks have not
recorded any signature now of having sanpled, if you wll,
maybe as many as a 150 characteristic events, no extrene
noti ons seemto have manifested thensel ves here.

And, this is the last slide. This is actually from
some work that Joe Walen and his coll eagues at the
Geol ogi cal Survey have been doing. This is a photo of sone
very delicate textures that you find sonetinmes within the
i thophysae. These are crystals, very slender bl aded
crystals with top-heavy overgrowmhs. W haven't really
worked on this in a quantitative sense yet, but we have
certainly argued that within a qualitative sense, these
structures at |east are suggestive of no extrenme ground

notions, at |least in acceleration space, at this site in a
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long tine.

So, to sumup, I'dlike to reiterate that we fee
that the existing PSHA provides a very solid basic franmework
for devel opment of the ground notions at this site, and we're
currently trying to develop what | refer to here as strength-
limted peak ground velocity, site-specific strength l[imted
peak ground velocities to ensure that the ground notions that
we use in our structural response cal cul ations, performance
assessnent, are consistent with the observational evidence of
what we see at the site, and specifically that's a | ack of
geol ogi cal deformation within the rocks at the enpl acenent
| evel .

We're continuing to work on various testing and
nodel i ng studies to try and refine sonme of this initial
assessnment here. | must point out that this issue is still
bei ng worked on. W have a goal of conpleting this in nuch
nore detail within the next 18 to 24 nonths.

And, what | say here is that we are currently
conpl eting an analysis report, the docunent where we are
right now, with regards to just the peak ground velocity

only. That's the only paraneter we're investigating at this

time.
And, with that, | guess I'd |ike to--
DUQUETTE: Thank you very nuch, John. Thanks for being
right exactly on tinme. You obviously don't teach at a
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university. Question, Richard Parizek?
PARI ZEK:  Yeah, Parizek, Board.

You don't nention anything about precarious rocks,
whi ch Jimdoes, in the work we have, and it seens to ne
that's at the surface of the ground, and again, not know ng
how | ong the rocks have been exposed in that condition, a
delicate condition, it seens to ne that's a very direct
evidence. In your exanple, we have to kind of go along with
all this rock mechanic stuff at depth, and wondering, gosh,
wonder, and so you go to sone very active other fault that's
perhaps a bigger fault area, or active ground notion area.
Has that been tested sone other place where you could go, San

Andreas or sone other place, and say | ook, the rocks do crack

up.

AKE: Well, Jimhas been working on this for quite a
long tinme. | had a bullet in there about precarious rocks,
and chose not to really speak about it right now The

precarious rocks | think speak perhaps nore to our over-
estimation of the aleatory variability in our ground notion
estimates. In other words, for a single, if you're trying to
predi ct what the ground notions are going to be for a single
occurrence, what is the standard deviation read for that
uncertainty in a particular event, and Ji mand John Anderson
have witten sonme very interesting papers with regard to

t hat .
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In terms of helping us within the probability
framework we're interested here, which is 10° and bel ow, for
performance confirmation right now, the precarious rocks
really don't help us that much, because they only record a
much shorter period of geologic tine.

Wth regards to the second portion of your question
there, Jimhas been working on |ooking at rocks adjacent to
the San Andreas with precisely the sort of argunments we're
tal king about here, which is if you assunme very |arge ground
notions next to a major fault |ike the San Andreas, capable
of producing extrenmely | arge magni tude earthquakes, and you
don't see highly fractured rocks, what does that tell you
about what the maxi mum ground notions can be. And, he's real
interested in that question of aleatory variability and what
t he maxi mum ground notions are. And, | think he's onto a
very fruitful line of inquiry with that one, because he has
rocks there that he can docunent have seen probably many
hundreds of magni tude 8 earthquakes. And, that's a sanple,
is the sparses, the data, and the seismc realm is usually a
heck of a sanple to look at. So, | think he's got sone real
good i deas there.

PARI ZEK:  Pari zek, Board.

| did point out to Joe Whalen Figure 27. These are

perfect penduluns with the bul bous tops, and if you were

going to try and get some sense of ground notions that would
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take to topple those, they're in the |lithophysal cavities,
and what a fantastic place to look. So, | guess no one has
tried to topple one of those?

AKE: Well, at this point, we haven't actually finalized
what we're going to do to carry on with this in the next
stage here. W think this is real inportant to try and cone
up with with nore physically realistic |ow probability
notions. So, we've sort of danced around with the
appropriate way to go forward with this. The clearly |ab
testing, or sonething |ike that, of these types of sanples
woul d be sonething that woul d be quite useful to undert ake.

PARI ZEK:  Thank you.

NELSON:  Nel son, Board.

Can you just summarize for nme, | note that you' ve
got sone typical shear wave vel ocity--excuse ne--shear
nodul us and danping flux on 34 in the appendi x. Can you talk
tone just alittle bit about what you' re doing regarding the
strain rate?

AKE: Yes, that's a very good question. Essentially,
this data here is for very high strain rate. Gay? The
dynami c cyclic tests like this are done at very high strain
rates. This data was worked up by Ken Stokoe at UT Austin.
Most of the data you see plotted here is actually for tuff
sanpl es that underlie the proposed surface facilities area.

There's only six, | believe, six data points in here that are
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fromthe tuff units that are in the proposed repository
el evati on.

Ken's apparatus here is Iimted to only go to a
tenth of a percent strain. | should point out two of the six
sanples of the tuffs fromthe repository horizon were not
fromlithophysal units because they are small sanples,
actually failed prior to a tenth of a percent strain, which
is consistent with the estimate we're comng up wth.

The ot her |arge sanple bl ock sanples that we | ooked
at were basically very low strain rate. So, we really had
these two end nunbers in terns of strain rate right now, but
they tend to, based on a very |imted sanple here of the
tuffs in the repository horizon, they tend to predict kind of
consistent results. W feel confortable that the |ow strain
rate results are usable because of the fact that the wave
| engths of these incom ng incident waves, at least in terns
of peak ground velocity, are long and that the strain rate
there is probably sonewhere between those two extremes. |It's
a problem and it's a problemendemc to testing in the
eart hquake engi neering field, because nobody has the
apparatus to test at the strain rates you really want.

NELSON:  Nel son, Board.

And, | appreciate all of your efforts here, because

| think it's inportant that the science and engi neering wei gh

inon this, and, so, | encourage you to get this all into



© 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

138

print as soon as possible.
But, the issue of the strain rate, and al so, |

think you've tried to capture sonme of the influence of
exi sting porosity, not matrix porosity, and not just
i thophysaes, but, you've got cooling cracks, you' ve got
ot her porosities in the rock mass, which can actually affect
danping in a way that's not captured here.

AKE: Right.

NELSON: So, | think that you m ght be able to bound

sonme of those effects rationally, and that would be

interesting, and | think the overall profession needs that
i nput of your thinking through this. It will really help us
overall. So, thanks.

AKE: kay, thank you.

BULLEN: Bul | en, Board.

Just a quick question on Slide 22. |I'minterested
in howthis is going to be incorporated into TSPA. And, as |
|l ook at this slide, it's the sane slide that you showed us in
5.

AKE: Yes.
BULLEN: Wbuld you expect there to be a peak ground
velocity cut-off, or something to that effect? And, how

woul d you see that as incorporated into the TSPA?
AKE: Well, that's a good question, and that's a hard

question. As it's being incorporated right nowin the
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current runs of TSPA, this is the existing hazard curve for
mean peak ground velocity. Each realization, sanples from
that and conpares it to a value that sinultaneously sanples
from bounded peak ground velocity distribution, which is a
uni form between one and a half and 5 neters a second, and
conpares it to and uses the mnimumof the two. So, it
doesn't affect anything up here in high probability space,
but it does begin to affect you in this range down through
her e.

And, effectively, what this is doing, nore or |ess,
is putting a fuzzy boundary on this and causing this to,

i nstead of becom ng asynptotic like this, begin to have nore
of an asynptote to the Y axis, which is precisely what you
woul d expect.

Utimately, the final inplenentation of this may be
somewhat different. W have discussed with Allin Cornell the
possibility of maybe doing this as a Bayesi an update problem
where you regard this as your prior, and the |ikelihood
function you apply to that is in fact on the ground notion
val ue, which then, your posterior then will be a nodified
hazard curve. So, we're still working through that, the
proper inplementation of that ultimtely.

BULLEN: Thank you.
REI TER: Leon Reiter, Staff. Just a few questions on

this last thing.
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VWhat |'minterpreting is that those strain limts
that you' ve tal ked about correspond to one and a half to 5
neters.

AKE: Yes, per second, yes.

REI TER  The question | think we've tal ked about before
is that you addressed the PSHA, but there's still another
probl em whi ch can cause a very large ground notion, is the
way you do the tine histories and get sone very | arge things,
and you haven't decided how to deal with that.

AKE: Well, obviously, at sone |evel down the road here,
we w il have to address that by essentially recal culating al
t he hazard curves, not just PGV, and devel oping new tine
hi stories that are consistent with the observed strengths of
the materials.

REI TER: But, for LA, you have to do that?

AKE: No, | may wish to defer to Bob about that, but we
have tine histories that were developed for 107, 10° 10°,
and | think one for 10* that were used in the TSPA--excuse
me--were used in the devel opnent of the seism c consequences.

And we' ||l probably use those. Really, what's happening is
you're also de facto altering the probability of those by
changi ng this.

REITER. Is there you said a ground breaking, these
studies are really on the cutting edge, and to nore recognize

that in this letter, and the Board recommended, that this
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woul d be a good thing to subject to external peer review. Do
you have any plans to do that?

AKE: Yes. Right now, as | stand here today, we're
still not 100 per cent sure what direction we're going to go
over the next 18 to 24 nonths, but it's likely we will have a
review board involved in this. Qur thinking right nowis
nore of a participatory peer review W'Il|l have a smal
board that will help us through this. W'I||l have our own
experts that we will utilize, as well as project staff, and
i kely have an oversight board that we'll neet with
frequently, rather than get all the way to the end, present
the results, and hope that they think it's okay. W would
like to have them participate in the process.

REI TER One final question. Because you're limting
yourself to what's--you're putting the limts on the ground
noti on based on what's been observed in the nountain for the
past 10 mllion years, how do you account for the argunent
then that what's 10 mllion years, for exanple, is not a good

enough tine period to put limts on the 107 current, which is

one in 10 mllion years?

AKE: It does not permt you to put an absol ute bound on
t hat .

REI TER® But, you are.

AKE: In a sense, the way we're doing this right now, it
is, but if you go through, it's informative to go through
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the, operationally, to go through the Bayesi an updat e,
because what you do then is you apply that as an observation
that you have in 10’ years, that you have no observations

greater than this in 107 years. It does not inply that a

1

2

3

4

5 value greater than that is absolutely inpossible. 1t only
6 says that | have 10’ years of observation, and have not seen
7 anything greater than that. And, when you apply that as a
8 constraint, you find that the hazard curves drop |like a rock.
9 REITER | guess I'mgoing to see those curves with an
10 expl anati on.

11 AKE: Yes. Well, and that's what we hope to bring

12 forward.

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

LATANISION: We will be noving from di scussing broad

i ssues associated with the project to a very specific issue,
nanmely corrosion during a thermal pulse. This is a very
i nportant topic, which as Dave Duquette nentioned earlier
this morning, will essentially occupy not only the rest of
this afternoon, but all day tonorrow.

|"m Ron Latanision. | chair the Board' s Panel on
t he Engi neered System and | will lead off this afternoon's
conversation

Last COctober, the Board issued a very focused
| etter about corrosion during the thermal pulse. It was an
unusual letter in a couple of ways. First, the Board was
unusual ly direct. The letter stated in no uncertain terns
that the Board had serious concerns about corrosion of the
wast e package during the thermal pul se, and that the concern
was based on data in hand. That |ast comrent is very
i mportant.

W didn't say that there was uncertainty about
whet her there would be corrosion. W said that the data in
hand, and this data is nostly fromthe project, but also from

the Center in San Antonio, and the literature, indicated that
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corrosion is |ikely.

The ot her unusual aspect of the letter is that it
was signed by all the Board nenbers, not just the Chairman,
which is our normal practice. There was a reason for this,
al though all Board letters and reports have al ways been
consensus documents, we wanted to be sure that there would be
no m sunder standi ng about all of the Board nenbers
positions, any of the Board nenbers' positions, with regard
to the statenents in the letter.

A nmonth after the letter was issued, we issued a
detailed report, giving our technical basis for the letter,
and touching on sone of the related issue. Also in that
report, we acknow edged that the Departnent of Energy did not
bel i eve there would be a significant corrosion problemduring
the thermal pulse, and we stated why we felt the DOE s
techni cal basis for believing that corrosion during the
t hermal pul se would not be an issue was not adequat e.

Agai n, every Board nenber signed the letter
transmtting the report individually for the sane reason as
in the case of the Cctober letter.

Once again, an unusual aspect of the report was
t hat one nenber appended additional technical coments to the
report. No one can renenber that ever being done before.

Now, that brings us to the purpose of today's

neeting. Since we wote the letter and the report to the
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Department, we are particularly interested in the project's
view, the DOE's views on statenments in the letter and the
report, as evidenced by new data and anal yses. By new, |
mean not previously presented to the Board.

We know that the State of Nevada, the NRC, and the
El ectric Power Research Institute are also very interested in
the topic of corrosion during the thermal pulse. The purpose
of this neeting is to provide an opportunity for the project
and others to present relevant data, and anal yses, and to
engage in an open and thorough discussion of the issues.

My goal as Chairman of this Panel is to give the
Department and the project the opportunity to have a full and
obj ective hearing on the issues that concerned us. And, in

that context, we're going to change the format of our

di scussions a little bit, in the sense that after each of the
Panel s present their discussions, and we will hear first from
the NRC, during that period of question, that's identified as
question and answers, we will invite questions not only from
the Board and the Staff, but fromthe audience. This is a
departure fromour normal practice. |If we have an

over whel m ng response fromthe audi ence, obviously, we're

going to have to limt the nunber of questions that may be
entertained, but we do want to open this up. W want as open
and full a discussion as is possible.

So, the programfor the rest of the neeting today
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and tonmorrow is sinple. The Departnent has all day tonorrow.
They asked for that nuch tinme and they al so asked that their
presentation conme last. Frankly, this is not the way | would
have preferred it, particularly since we're really addressing
expressions of concern on the part of the Board to the
project, but nevertheless, that's the way we wi |l conduct the
di scussi ons.

The Board, the NRC, the State and EPRI w | al
have opportunities to speak. The latter three will speak
t oday.

We're going to start by presenting what we said in
our Cctober letter, and our Novenber report. W don't know
what the NRC, the State, or EPRI, or the project will say
today or tonmorrow. The only ground rules that we've
established were to try to keep the presentations related to
the topic of the neeting, that is, corrosion during the
thermal pul se, and to enphasi ze new information, and to
di scuss rel evant experinmental and anal ytical work done in the
past year, or planned for the future. | know that all of
t hose organi zati ons have been working very deliberately at
this, so I'mconfident that we'll have neani ngf ul

conver sati ons.

| just want to nmake an observation in ternms of the
presentations by the State of Nevada today. |'m sure you al
know that |ast week, the State held a press conference here
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i n Washi ngton, in which they presented corrosion
denonstration. It is, therefore, a reasonable question to
ask whether the State has been show ng, and al so doing, at
Catholic University, whether that work is the sanme as the
Board's main issue, which is the deliquescence induced

| ocalized corrosion. And, the short answer is that they are
not the same issues.

We are, as nentioned, concerned about deliquescence
i nduced | ocalized corrosion. Fromwhat we've heard and seen,
the State's corrosion issue is really quite different, and
has to do with the, essentially, the pore water evaporation,
or concentration of pore water, and the production of acids
by various neans, which are known, or shown to be corrosive
to Alloy 22. So, they really are two different issues, and
we want to be clear that they are not the sane issue.

My sense of the distinctions I'msure will becone
clarified as the presenters fromthose organi zati ons have the
floor fromthat organization

| have asked two of ny coll eagues, Thure Cerli ng,
to speak about his views on the environment that m ght be
generated during the thermal pul se, and Dave Duquette to talk
about his views, or the Board' s views, as manifest in our
docunents, our reports and letter, follow ng ny short
i ntroducti on.

|"mgoing to try to cut sone tine because | know
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this is getting long. A nonth ago, after the letter was
i ssued, we drafted a report. Let's show the next slide. [|I'm
going to skip sone material here. Sorry. You really have
heard this, so I'mnot going to spend nuch tinme telling you
what the Board does. | do want to tell you what the Board
does not do.

The Board does not nake or enforce regulations. W
don't advise the NRC or EPA or Department of Transportation
or anyone el se, except the DOE and Congress. W don't make
policy. The Board does not do experinments or design work.
VWat we attenpt to do is to objectively evaluate the
Department of Energy's work by analyzing their data and work
products and ot her relevant studies. And, that's exactly
what we did last fall when we wote the letter and report
that was delivered to Margaret and to the Departnent of
Ener gy.

Let's ook at the next slide. Over the past 14

years, the Board has spoken and witten frequently about

i ssues and probl ens associated with uncertainties during the
thermal pulse. The letter we wote last fall, and the
report, presented data that the Board had seen from

presentations given before us at earlier neetings by the
Department and by the Center in San Antonio. W wote these
reports because it appeared to us, based on the data

presented, and I would | ead you specifically to the January
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and May 2003 neetings, that all of the conditions necessary
toinitiate crevice corrosion on Alloy 22 would be present at
the sane time for significant periods during the therm

pul se. These conditions are identified on this slide. They
i ncl ude corrosive brines containing chlorides, high
tenperatures, and project data show ng that crevice corrosion
initiation under such conditions would be |ikely.

It is well known that certain oxyanions, such as
nitrates in particular, inhibit initiation of |ocalized
corrosion. However project data presented to us indicated
that the effect is dimnished, or nmay not exist at the
hi ghest end of the tenperature spectrum where corrosive
bri nes m ght be expected to exist.

Conpounding this situation, were data fromthe
project and from CNVWRA show ng, not unsurprisingly, that
greater susceptibility to localized corrosion occurred in the
case of welded or aged Alloy 22 structures.

| want to close ny comments by addressing a

particul ar sentence that appeared in our Cctober letter.

And, that sentence read, "The Board believes that Total
System Performance Assessnent, TSPA, should not be used to
di sm ss these corrosion concerns.” | think the sentence is
cl ear enough, but it has been sonething of a nystery to sone

peopl e, because we haven't explained why we said it.

Wiat 1'd like to do and what's shown on this figure
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are at | east sonme of the reasons why we chose to nake that

comment. | would like to just go through these very quickly.
First of all, it is nore difficult to achi eve fundanent al

under standing of the repository system at high tenperatures.
Usi ng TSPA to dism ss concerns about crevice corrosion is

primarily an approach that focuses on regulatory conpliance.
O course, conpliance is absolutely necessary.

The Board has stated, however, that there is a
growi ng international concern that fundamental understandi ng
of the repository systemis as inportant as show ng
conpliance. And, above boiling repository that, anong
ot hers, introduces concern about crevice corrosion is nuch

nore difficult to understand that a bel ow boiling repository.

DOE's TSPA Peer Review Panel put it very well back
in 1997 when they stated, and | quote, "For a repository to
be licensable, it nust be analyzable."” The Panel
specifically raised i ssues about the anal yzability of the

response of the systens to the thermal pulse. W feel, the
Board feels, that a below boiling repository is nuch nore
anal yzabl e than an above boiling one where thermally coupl ed
processes are nore of a concern.

Second issue. Don't conpronise an inportant
barrier. NRC s regulation for Yucca Muuntain, which is 10
CFR 63, may be nostly based on performance assessnent, but

not exclusively so. It is based also on principles of
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defense in depth that perneate nost, if not all, NRC
regul ations, and it has a requirement for nultiple barriers,
in particular, that there be both natural and engi neered
barriers.

The Alloy 22 of the waste package is very
inmportant, if not the nobst inportant conmponent of the
engi neered barrier. It seens to us sensible that one would
not want nmany defects or penetrations in such an inportant
conponent, particularly if there appears to be an easy way by
whi ch they could be avoided. The latter being, we believe, a
| ow t enperature design

Thirdly, it makes better engineering sense from our
perspective to avoid the problemthrough a design decision
than to attenpt to accurately quantify it. Wen dealing with
uncertainty inherent in natural systens, for exanple, such as
vol cani c eruptions, or transport through the unsaturated to
saturated zones, the only recourse is to collect data,
generate the best nodels available, and attenpt to refl ect
both the parameter and nodel uncertainty in the cal cul ations.

In the case of |ocalized corrosion, the Departnent
is faced with a problemlargely caused, largely having its
origin, in a design decision, to have an above boiling
repository. Localized corrosion processes are particularly
i nsidious formof corrosion because of the details of the

initiation and the difficulty in predicting the propagation
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rates, which can be extrenely rapid.

It seens to us to nmake better engineering sense to
avoi d localized corrosion altogether by design decision
rather than to rely upon one's ability to accurately nodel
and quantify what will happen or limt the consequences.

Fourthly, uncertainty in estimting the
consequences of crevice corrosion is an inportant issue. |If
the data which has been presented to the Board indicates that
crevice corrosion is likely to occur during the therma
pul se, then there is still nuch uncertainty with respect to
determning its consequences.

Maki ng boundi ng argunments with a reasonabl e degree
of certainty would obviously be very difficult, and, so,
we' re concerned about studies which use different
assunptions, or using the TSPA now under consideration for
devel opment of a licensing application which may show
different results.

Dose rate is also an inportant assunption, other
t han waste package integrity, and, so, we're obviously very
concerned about how all those paraneters play out.

Finally, the safety case based on nmultiple lines of
evidence is sonmething that we find very inportant. TSPAis a
very powerful tool, but it is only as good as the
abstractions, the assunptions, and the data upon which it is

based. These Iimtations are often obscured by the inherent
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conplexity found in | arge performnce assessnents, such as
those conducted at the site. Frankly, our sense is that TSPA
is so conplex that it ought not to be relied on exclusively.
Mul tiple lines of evidence derived independently of TSPA

shoul d be considered as well, and this is the fundanental
i dea behind providing a robust safety system

I n summary, regardless of whether TSPA shows t hat
conpliance can be achi eved, the potential for corrosion
during the thermal pulse is a serious issue, because it
reduces defense-in-depth, conprom ses a najor barrier, and
reduces the safety margin, thereby underm ning confidence.
That's essentially the expression of concern that we have
presented in our letter and our report.

Now, there are going to be two other Board nenbers

following ne in making presentations. Wat we'd |like to do

is defer questions or comments until all three of us have
spoken. | have spoken, and so | will next turn to ny
col | eague, Thure Cerling, who will talk about environnments

that formon waste package surfaces during the thermal pul se.

Thur e?
CERLING |I'm Thure Cerling, a nmenber of the Board, and
when |'m not doing Board work, I'mat the University of Ut ah,
where |I'ma Professor of CGeol ogy and Geophysics, and al so

Biology. And, ny interest and expertise is in the field of

terrestrial geochem stry.
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What |"'mgoing to do just in the next ten or
fifteen mnutes, in part to get everybody at the sane place,
is just to describe sone of the things that the Board said
about the environnments on the waste package surfaces, in
particul ar, those during the thermal pulse.

Next slide? Do | have that? ['mgoing to nmention
a fewthings in ny talk today. One will be tal king about the
tenperature on the waste package surface, and | would like to
point out at this point that all of the data that 1'Il be
showing in any other material is basically from previous
presentations by DOE, so there's really actually nothing new
that's in this presentation. W're sinply restating what we
understand to be the nodel that is being used by DCE

So, first of all, the tenperature that we're
tal ki ng about when we're tal king about tenperature in our
report is the tenperature on the waste package surface.

Okay? There are other tenperatures in the repository, but in
particular, in the slides that we'll be | ooking at, this is
the tenperature on the waste package surface, not the highest
tenperature in the repository, it's not the |owest
tenperature in the repository, but sort of a generic surface
t enper at ur e.

The relative humdity that's shown on these slides
is the relative humdity for that generic sort of tenperature

on the waste package surface. And the tenperature and



© 00 N oo o B~ w N P

N N NN B R R R R R R R R
W N P O © N O U~ W N R O

24
25

155

hum dity are closely |inked.

The next very inportant issue is the dust that
settl es on waste package surfaces. There certainly will be
sonme sort of dust. W know there's dust in the tunnels.

And, then, the inportant aspect that follows on fromthat is
the property of deliquescence.

Along with that, there's some uncertainties in the
in-drift environnment that DOE still needs to consider, but
"1l try to go over all of these things today, and we'll just
kind of wap up with not so nuch of an environnmental research
recommendati on, but research issues that clearly DCE has been

following on in preparation for this.

Next slide? GCkay, |ast year, DOE presented in sort
of a poster format, an illustration describing the evolution
of environnent at Yucca Mouuntain, and what's inportant is

sort of this purple band here that is sort of the tine on X
axis tenperature history for the waste package surfaces.
And, the details of this purple band are shown in the next
slide, which is a simlar sort of slide, but just shows nore
detail, and where sonme of the what m ght be perceived as
fuzziness came from These represent different nodeling runs
for different specific waste packages, and so on, and this
one cuts off after about 20,000 years.

The concern that we have today is really nostly

with this short period where we go fromrelatively | ow



© 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

tenperatures, below boiling, to above boiling, and then we
decline, so this higher area is what we refer to as the
t hermal pul se.

There's just a few things that I do want to comment
about the thermal pulse issues. And, sone of those have to
do with uncertainties in the thermal pul se cal cul ations, and
t hese have to do with several different things. One of these
aspects is thermal conductivity, and one of the things that
we think the DOE should consider is that the therma
conductivity that's used in their calculations, it's possibly
that it may be too high, and specifically that the therma
conductivity in the | ower lithophysal zone where nost of the
repository would be | ocated woul d be hi gh.

Sonme of their tests, field testing, |lab testing,
and statistical tests point to a | ower value than is used,
and if the thermal conductivity is too high, then the
tenperature estimates will, in fact, be too low. So, this is

just an area that we feel should be considered.

Anot her very inportant aspect with the therma
cal cul ations have to do wth the drift degradation. |If
there's drift degradation during the thermal pulse, it wll

conme perhaps in response to seismc events, to thernma
stresses and ot her things, and Mark Peters showed us that
t hey were doing sonme studies on thermal stress, and we don't

know how wi despread this effect would be, but the drift
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degradation coul d necessitate recal cul ati on of sone of these
thermal history curves.

Anot her inportant aspect is the problem of both
natural circulation and natural ventilation. Natural
circulation is the phenonmenon by which air circul ates through
t he nountain, but doesn't exchange outside the nountain, and
ventilation is where there's actually outside exchange of air
with the nmountain. These two properties will tend to have a
cooling effect, and we're not really sure, we're not
conpletely confident in all the calculations that these
t hings which actually may be an under-estimate of
tenperature, and perhaps not a good enough consi deration of
this, may result in an over-estinmate in tenperature. W just
feel that there's sonme uncertainty in the tenperature and,
therefore, relative humdity predictions that they have nade.

But, significantly, these two work in one direction, and
this works in the opposite direction.

Next slide? Okay, this is a relative humdity
diagramthat, as you can see, is closely related to the
inverse of the tenperature diagram and I'll actually be
using the next slide, which is a simlar diagram which shows
that the humdity goes fromrelatively low levels to very,
very low |l evels during the thermal pulse. And, then, when
the thermal pul se ends, it begins to go to higher and higher

| evel s. And, these are the nost up to date curves that we' ve
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been able to consider, and significantly, the | owest
hum dities that are encountered, between 15 and 25 per cent,
are 70 to 80 years after the closure of the repository.

Okay, next slide? This is an inportant slide
that's sort of the crux of what | think will be the
di scussions of the next few days, and that has to do with
probl ens of deliquescence and then what follows on fromthat
is corrosion issues. The inportant part of this figure are
really these two curves over on the right side, so the X axis
is tenmperature, the Y axis is relative humdity. And, what
is plotted are the boiling points on the boiling water curve
for these saturated solutions with these different salts,
calciumchloride, calciumnitrate and on up the line to the
uni val ent salts.

So, what we see in this slide is that there are
sonme salts, in particular calciumnitrate and cal ci um
chloride salts, that can, we believe, can deliquesce at very,
very low humdity, and there are sone that deliquesce at
much, much higher hum dities.

One of the significant things about this curve is
that it doesn't show any binary or ternary eutectic points,
because we know that the m xture between two different salts,
just taking as an exanple sodiumnitrate and calciumnitrate,
or sodiumchloride and sodiumnitrate, or any two on their,

the eutectic deliquescence point for nost salts, actually, is
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| ower than for either of the end nmenbers. So, one of the
things that's been |lacking in the discussion so far has been
a di scussion of what their deliquescence point may be of

t hese m xtures.

So, we know that deliquescence is possible from
this data of these various different salts, and as we'l| get
toin abit, what we don't knowis really what the
del i quescence is of the salts that are likely to be actually
in Yucca Muntain.

Next slide? So, this is sone data from Law ence
Li vernmore's Lab, thernogravinetric data, and this is data
froma one-half inch by two inch by a sixteenth inch coupon
of two different alloys. The inportant one is Aloy C 22,
the redline, the other one is sonme other alloy, which were
coated with salt, in this case, calciumchloride, and this is
done on a sensitive balance, and the humdity is broad, up to
t he point where deliquescence occurs, which, in this case, is
about 22 1/2 per cent. And, the crux of the matter is that
we begin our experinment at tinme zero, and what we see is
change in weight inmediately, and there's an increase in
wei ght, and this increase in weight is due to the absorption
of water. So, this is showi ng that deliquescence does occur.

And, then, what we see is that, again at these high
tenperatures, 150 degrees C tenperature, we see that there's

actually a weight [oss, and the weight loss is thought to be
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due to the formation of hydrogen chloride gas, hydrochloric
acid, and the formation of probably a cal cium oxygen chloride
conmpound.

So, this is just an exanple of one of the possible
salts, and | think we'll hear a discussion on what other
salts may be present in Yucca Mountain. But, this shows that
we do get deliquescence, and then there's sone other chem ca
reactions going on at these high tenperatures and these | ow
hum dities. And, in this particular exanple, we note that
there's no evidence of corrosion of Alloy 22 in this
del i quescent experinent. And, on the other hand, this other
material, which was also studied at the sanme tinme, in fact
did show sone corrosive behavior.

Next slide? This is |I think one very inportant
next part of the puzzle, and that is going to be the
conposition of the dust. And, the way that we can possibly
get deliquescence formng is if we have dust deposited on the
wast e package surface before closure, or even after closure.

And, we note that there's at |east a 50 year period that
desert air will be circulating through to the systemthrough
heat by the packages in place in the repository. One
significant thing m ght be to consider whether or not this
air is filtered or unfiltered air.

So, what is the source of the dust? There's at

| east two sources of dust. One is dust that will result from
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decrepitation fromthe drift walls, and it will be circul ated
either by the ventilation air or even after the systemis
closed, by air currents just produced by differences--due to
tenperature differences in pK heat.

So, one of the sources is going to certainly be a
| ocal source within the nmountain, and that's one of the
things that we have only a little bit of data on so far. The
ot her source of dust could possibly be brought in fromthe
outside. And, so, one of the things that has been shown is
that the dust that is present in the nountain certainly has
all of these conponents present, chloride, which is of great
concern in corrosion, nitrate, which is also inportant,
especially as in certain tenperatures, it has a mtigating
effect, and magnesi um and cal cium chloride, which are the
salts, which have the |owest hum dity deliquescence point.

kay, the other inportant thing in this comment is
there's a lot of silicate material and poorly sol uble
material as well, and this makes up in a very inportant and
perhaps a very reactive conponent of the dust.

And, just one other comment that has been brought
into this many, many tines, and so |I'l|l make sure that it's
presented here, is that a few years ago, the Livernore
Researchers in the paper by Rosenberg, et al, used a
synt hesi zed pore water, which was evaporated down, and in

that synthesized pore water, they observed tachyhydrite,
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which is a highly deliquescent cal ci um magnesi um chl ori de.

An inportant thing to notice about that experinent
was when the evaporation experinment was done in the presence
of vol canic ash, this particular mneral was not observed.

So, it was only in the basically a silicate-free environnent
where that was observed.

So, one of the points that we think is inportant
here, which hasn't been conpletely addressed at this point is
that the sources of cal cium and nagnesi um and ot her chl ori des
spilling fromthe desert environment have to be eval uated.

We know t hat sonme of those are present in places |ike Bristol
Lake in the Mjave Desert, which is not far from Yucca
Mount ai n, and there are other playa deposits as well.

Okay, | guess just follow ng on that, we also note
that there's been a ot of work recently by Meredith Reheis
and John |sbecky (phonetic) on collecting dust in the
sout hwestern U.S., and that wll have a very, or could have
an inportant contribution to this study.

Most of the dusts actually have only between about

1 and 10 per cent soluble mnerals. Mst of themare these

insoluble materials, and virtually all of themcontain
chl ori de.

Okay, next slide? GCkay, one of the things that we
felt is that where we were | ast year, is that at that tine,

there was insufficient technical basis for DOE' s claimthat
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there would be no corrosion. And, our reasons for that were
based on published and presented materials, and this |ist

gi ves sone of our reasons for having the hesitancy we had in
enbraci ng those results.

One is that the brines tested so far may not be
representing or bounding brines that would exist in the
repository, and this can go in both ways. The brines tested
tend to be al nost pure calciumchloride, not binary m xtures
for better or for worse that would be actually found to
exi st. The experinents to date were run only over a fairly
narrow part of the tenperature and relative humdity range,
over which deliquescence can occur. And, | think Dave
Duquette will discuss sone of that. The experinmental systens
were done essentially as open systens, and one of the
guestions that we have is conpletely open system behavi or
really the appropriate way to nodel this, or is a nore closed
syst em behavi or sonetinmes nore appropriate to nodel sone of
t hese aspects of short-termrepository behavior.

Anot her serious concern that we had, again, which
will be the focus of sonme of the talk that David will be
giving, is that sone of the sanples that were used in these
experinments didn't have crevices, and to test the conditions
for crevice corrosion, it's useful to have crevices. And,
then, it appeared that there was sone contradictory results

bet ween the corrosion experinments, in particular for the
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el ectrochem cal nethods experinments didn't seemto give the
sanme results as sone of the thernogravinetric data.

Okay, next slide? There's still the problemwth
nitrate that is still an unresolved issue. DCE has not
established that nitrate would actually inhibit |ocalized
corrosion over the entire range of tenperatures over which
the brines could exist, and the concern is that as you go to
hi gher and hi gher tenperatures, perhaps this inhibiting
aspect of nitrate may di sappear.

Anot her inportant issue is are there natural
processes that could separate nitrate in chloride during the
behavi or of the repository. And, another thing that we are
concerned and just would |ike to have addressed is that the
effect of mcrobes on the nitrates has not really been
conpletely denonstrates. WII| mcrobes actually have an
effect over time?

kay, next slide? [I'mjust going to wap up a
coupl e of things here, and just nention that there are just
several things that still seemto be left to be not
conpletely resolved, in our view One is the issue of a
capillary barrier. W realize that a capillary barrier in
certain environnments certainly can occur, but are concerned
that some of the aspects of drift degradation and so on, and
rock bolts, may actually cause a disruption of the capillary

barrier.
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Anot her issue is is there a potential for refluxing
of fluids, and in the refluxing, change the chem stry in a
way that is deleterious to the waste package. Drift coll apse
is an issue that we consider still to be a problem And,

t hen, the other problem of course, is vaporization barrier,
and the vaporization barrier is, of course, only as good as
there is in fact a vapor, and this just has to do with the
tenperature and the chem stry of the final salt solution
that's in equilibriumw th the environment.

Next slide? | was just briefly going to nention,
for the sake of conpl eteness, sone technical comments. These
were made by M ke Corradini, who was on the Board when we
submtted the letter, but has since resigned, and he just,
there were three issues that he brought up in his comrents.
One was that perhaps that DOE actually over-estimted the
relative humdity during the thermal pul se by not conpletely
taking into account circul ation and mass transport.

Secondly, he also believed that the deliquescence
i ssue actually by DCE may have been over-estimated, because
that the waste package surfaces will be hotter than the
surrounding air. And, he suggested that deliquescence
experinments should actually be undertaken using a heated
surface. And, lastly, he nade sone di scussions about sone
di ffusion transport, which is really outside the scope of the

Board's report.
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Next slide? So, lastly, | think what we'll be
hearing in the next day and a half is sone interesting
results that may not change the tenperature estimates, but
certainly the tenperature estimtes have a direct bearing on
the relative humdity, and significantly, we hope that we'll
hear sonet hi ng about dust conposition and how t hat dust
conposition will play into the role of deliquescence, which
then plays into the role of corrosion, which is where | wll
hand the baton over to David Duquette.

DUQUETTE: |I'mafraid the Board is guilty of violating
its own tinme slots in this particular case. That nust be
Mark' s probl em

Wiat 1'd like to do is just sunmarize a few of the

concerns the Board has had. This is just to wap this up.

As | indicated this norning, nmuch of what I'"mgoing to
present--well, all of what |'mgoing to present is already on
the Board' s website relative to the letter we had presented

to the Departnment of Energy with respect to the |localized
corrosion problem

The Board feels that based on the data that has
been presented by the Departnent of Energy so far, that al
of the conditions that are required for |ocalized corrosion
can occur. And, if we take a look at the next slide, I'm
going to talk a little bit about that issue, |ocalized

corrosion, an issue we don't know very nmuch about at this
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point, that is, generalized corrosion, sonme of the
i nmplications of what our letter indicated, and sone things we
m ght like to see addressed in the very near future, although
it's not our position to tell DCE what to do or what not to
do, but sinply indicate what some of our concerns are.

| we take a |l ook at the next slide, there are
several different kinds of |ocalized corrosion that can
occur. The one we're nostly concerned with is crevice
corrosion, and the repository gives us an interesting set of
conditions. Normally people worry about crevice corrosion
because of nechanical crevices if you can think of a washer
on a surface. One of the things |I've nentioned to several
people is when you fly hone, take a |look at the rivets on the
airplane, and there is a very nice crevice, the crevice
bet ween the head of the rivet and the area on the w ng
itself, and that's corroding we speak, and there have been
some serious problenms with alum num all oys because of that.
So, nost of them are mechanical in nature.

In this particular case, the dust itself not only

sets up the crevice, that is, a place where you have an
occluded cell, if you will, with sonme Iimtation of
environment to the area under the dust, but it also gives you

the chem cal environnment. Normally, the chem cal environnent
conmes froman external environment. Again, for those of you

flying home anywhere near an ocean, that's basically salt
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water that you're concerned with. In this particular case,
the environnment sets up its own environnent.

So, it's rather insidious because, again, with the
rivets, sometines you'll see a little black ring around them
and you'll know that the plane actually has crevice corrosion
probl enms. Sonetinmes you won't because it's very difficult to
see. So, we consider it to be insidious because it's very
difficult to determ ne.

When you put a piece of neter in a corrosive

environnment, it arrives at a steady state potential, that is,
that's based on the oxidizing capability of the environnent
that it's in. That's the corrosion potential that you're
interested in. For nost netals, there is also a critical

potential, or a potential at which crevice corrosion, once

initiated, will propagate, or if it hasn't initiated, can
initiate. W're calling that right at the noment a critical
potential. |If the critical potential is an oxidizing
potential that's quite far renoved fromthe corrosion

potential, crevice corrosion beconmes not a problem because
you don't reach that critical potential
Two things happen as you increase the tenperature.

One of those is that typically, the corrosion potenti al

noves in a noble or up direction, and the critical potential
noves down in the active direction. |If they neet or cross
over, then you have the possibility for crevice corrosion,
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and that's what our concern is, based on sone of the data
that's been presented to us. So, what we're really | ooking
at is the difference between this open circuit or corrosion
potential, and the critical potential to either initiate or
propagate a crevice due to corrosion processes.

And, the next slide shows the data that was
presented to us | think [ast January, based on the difference
bet ween that potential difference, and again, this is DOE
data, this was generated in calciumchloride brines, this
particul ar data has sonme nitrate added, | think it's about 10
per cent, but it doesn't really make much difference. |'I1
show you that in just a mnute. This bounding region that
you see here is the surface tenperature of the canisters, or
the containers. And, what you notice is this curve cones
down and goes through zero right in this region that's
bounded in red, and that boundi ng was done again by the
Department of Energy.

So, now, we're |looking at a situation, we have a
surface tenperature at which the difference between the open
circuit potential and the critical potential for crevice
corrosion falls into this zero region. And, | also would
like to point out that there's a lot of scatter in this
particular area right here. So, in this particular solution,
you woul d expect crevice corrosion to occur and to propagate

once it initiated.
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| f you take the nitrate out, which is shown in the
next slide, that noves that curve sonmewhat to the left.
You'l'l notice that the intersection before occurred here
about 150. This curve noves over by about 10 degrees, and
that sinply indicates if | take the nitrate out of the
solution, the propensity for crevice corrosion and crevice
corrosion propagation increase. It's sonmewhat unknown, as
far as | can tell, exactly what the nitrate, the chloride
concentrations are in the repository. And, there's also the

possibility that was brought up at our neeting in Las Vegas

recently that nitrate m ght be consuned by m crobes or other
species in the environment. So, there is sonme concern as to
whether nitrate will be inportant or not.

There are still other considerations that can
change that crevice corrosion tendency in these particul ar
materials, and the next data, which was presented by San
Antoni o Group, sinply points out what happens if | have
met al | urgi cal effects that happen. These were done on all oys
where either the alloy was aged, that would nean sonething
t hat woul d occur adjacent to a weld, for exanple, where it
sees a high tenperature for sone period of time, or if the
al l oy was wel ded.

There's a ot of data in this particular curve, but
what I'd like you to take a | ook at are these solid bl ocks

right here. These are the tenperatures in which the tests
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were perfornmed in chloride environments. So, these tests
were perfornmed at 60 degrees celsius for an aged sanple, and
these are these green dots right here. Wat you notice is as
t he chloride concentration increases as it becones saturated,
if you will, that the repassivation potential which for al
practical purposes is the critical potential for crevice
corrosion grow h, drops down quite dramatically over severa
hundred mllivolts as you increase the chloride concentration
at 60 degrees.

I f you increase the tenperature to 80 degrees,
you'll notice that that curve drops still nore. And, so, the
crevice corrosion potential increases, the potential doesn't
i ncrease, but the potential for crevice corrosion increases.

If you increase the tenperature to 95 degrees for that sane
sanple, you'll notice that this curve noves still further
down, approaching quite | ow nunbers for repassivation
potenti al s.

If you |l ook at wel ded sanples, this is a wel ded
sanpl e at 60 degrees, and this is a welded sanple at 95
degrees, what you see is that also noves this in this
direction. So, alnpbst anything you do to the alloy increases
the possibility for crevice corrosion in chloride
environnments, even at tenperatures as |ow as 60 or 95
degrees, although we don't think this is a problemat the

present time, based on the data that has been presented so
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far.

The other problemw th crevice corrosion, and
sonet hing we know very little about at the present tinme, is
the data show a tendency for the initiation of crevice
corrosion. So far, as far as | knowin the environnments that
are expected to be seen in the repository, and certainly
under neat h dust particles, no one has done any quantitative
nmeasurenents of crevice corrosion propagation, how rapidly it
wi || propagate.

| m ght point out some nunbers to you. In DCE' s
TSPA Peer Review Panel, there was a coment in their second
interimreport in Decenber 1997 that, "When crevice corrosion
is active, the netal penetration rates are high and rapid,

penetration can be observed 1 to 10 mllinmeters per year." |

m ght note, by the way, that | think two nmenbers of that
panel are here in the audience, Dr. Budnitz and | think that
Joe Payer was also involved in that particular nmeeting. So,
they should be quite aware of that quote, although it may be
taken out of context and they may want to quote on it |ater
on.

DCE itself uses sone crevice corrosion propagation
data in their results. In the Septenber 2003 Corrosi on AVR

t hey' ve weaved their reviewing, as well as the NRC. They
give a distribution for crevice corrosion rates sonewhere

between 12.7 mcrons per year to 1270 m crons per year.
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That's in one of their own data points. And, | mght point
out that the thermal pulse is supposed to |ast about 1000
years. At 12.7 mcrons per year, you' d |ose about 13
mllimeters of material. That's at the | ower bound.
Qoviously, it's 100 tines larger than that at the upper
bound. So, those would be pretty severe corrosion rates in
that particul ar case.

And, so, there is data out there not only that the
initiation of crevice corrosion could be a problem but we
know very little about the propagation of the crevice
COorrosi on process.

Going to the next slide, I"'mnot going to say too
much about general corrosion, because we don't know very nuch
about it. At the present tinme, | think it's assuned that the
passive current density that will be observed on short-term
pol ari zation first represents the general corrosion rate,
that is, the current density associated wwth that. W know
al nost not hi ng about the tenperature dependence, although
there was sone data produced at Livernore on short-term
el ectrochem cal data that seenmed to inply that the
t enper at ure dependence obeyed a typical Arrhenius
rel ati onship going up exponentially wth tenperature. W
don't think that data has been fully utilized at this point,
al t hough, again, it's not our position to tell the DOE how to

utilize data, but just that it's sinply out there.
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Let's take a | ook at the next slide, and |I' m going
to make this fairly quick. Wat are the inplications? O
course, we have significantly reduced the safety margin. And
we' ve weakened the multiple barrier concept. W' ve reduced
confidence. Recently, | had to testify before a
Congr essi onal subcomm ttee, and one of the questions that was
asked of nme about this corrosion problemwas that if you
breached the containers by corrosion, do you automatically
j eopardi ze the environnent, that is, will it not neet the
regul atory condition. And, ny answer to that was the TSPA
that's used is very conplex. This is a problemthat | think
that we believe as a Board can be avoided by sinply |owering

the tenperature into a situation where you can't get crevice

corrosion.

So, the answer is | think the cal cul ati ons woul d
indicate that TSPA says that if | breached the containers,
you will neet the regulatory requirenents, but just barely.

That mekes an assunption that your nodels, which are fairly
conpl ex, are accurate. That's a potential problem So,
think there is sone reduced confidence in that particul ar
case.

| don't think the Board wants to go on record for
saying that corrosion of the containers, or breach of the
containers by corrosion, will necessarily jeopardize the

environment. We're sinply saying that it doesn't make sense
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as far as we're concerned to sinply throw away a potenti al
barrier and rely entirely on mathematical fornulas to decide
whet her or not radionuclide release is going to occur.

The next slide, we've labelled this research that's
really not what we're interested in. | think these are the
t hi ngs that concern us about the unknowns at the present
time, that is, what are the expected repository environnments?

| think none of us believe it's going to be necessarily just
saturated with calciumchloride at 150 degrees cel sius. But,
we don't know what that is, and can only react to the data
that's been presented to us by the project at this point.

We know al nost not hi ng about crevice corrosion
propagation. | don't even think that anyone has done a good
job yet on nodeling or determ ning what the environnment woul d
be in a crevice set up by dust sitting on the surface of a
container. W don't think that thernogravinetric tests that
have been done are conplete, and there's a |lot to be done,
and of course this issue of nitrate, which does inhibit sone
degree of crevice corrosion, although not very nuch, as you
saw, there was only about a 10 degree bonus that you picked
up fromit, at 150 to 140 degrees in that area, and we
believe that there's also a ot of data out there in the
literature that still hasn't been accessed conpletely, and
can be used to make sone of these determ nations.

And, so, | think our parting coment is that we
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bel i eve that crevice corrosion is a possibility. W think it
can be conpl eted avoided by sinply | owering the tenperature,
assum ng that the environnents we're | ooking at are the
environments that we can see in the repository.

And, the last slide--that was the last slide. So,
the purpose for the letter was sinply to say that based on
the data that has been presented to us by the Departnent,
there is evidence that given the environnent that the tests
were perfornmed in, that crevice corrosion will occur. And,
if it wll occur, it probably will proceed at a fairly rapid
rate. And, | think that concludes ny remarks for the present
tine.

LATANI SI ON: Thanks to Dave and Thure. [|'d now like to
honor the commtnent | nade at the outset, and that is to
open the discussion up to the audience. By ny reckoning, we
have about ten mnutes of tine allocated for the
presentations and for Qand A So, the floor is open.
woul d just ask you to identify yourself when you conme up to
the m crophone. And, if | see no questions, I'll start
aski ng sone. Roger?

STAEHLE: | don't know if this is a question or not.
Roger Staehle consultant for Nevada.

You know, one of the things that nitrate does,
aside frominhibiting some things, is a very potent oxidizer,

and it's not so clear to ne in this systemthat it's
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functioning so nuch as an inhibitor, but maybe nore
inportantly as an oxidizer.
The second problem | think, has to do with this

question of what's on the surface. The surface is really a
hot surface, and hot surfaces tend to concentrate sol utions.

| think what hasn't been dealt with, unfortunately, is the
detail of the hot solutions and their corrosive behavior.
And, I'mnot so sure it's a crevice problemas it is one of
sinply a concentrated solution that's sequestered. Now,
that's a little bit different, because you can still get
access of air. | mean, it's not like a differential cell.
But, maybe what the problemis is we have a not quite
unboundabl e, but al nost unboundabl e problemthat has a | ot of

di scussion yet to come, and |I'm concerned pretty

fundanmental | y about whether or not we have even approached
t he question or approached the problem of how do we nodel it
and can we bound it.

LATANI SION:  Any response or comment on that issue? o
ahead.

DUQUETTE: Duquette, Board.

| can't disagree with you. | think that the very

thing that we're concerned with is the concentration of these

salts on the surface at the present tine. Wether you want
to consider it a crevice or not, | do think the remai nder of
the canister, if you will, is a very good place for reduction
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of oxygen. And, so, there's going to be sone differenti al
action between what's happeni ng underneath a dust particle
and sonme ot her concentrated species on the surface, and
that's going to help drive the situation
STAEHLE: Yeah, that clearly will be a driving process.
It's just that you were speaking about nitrate, and | was
thinking, well, the nitrates do several different things.
But, the lower pHs, the primary role of the nitrate is read
to be an oxidi zer.
LATANI SION: | saw Joe Payer's hand. Joe, why don't you
approach the m crophone.
PAYER. Joe Payer, Case Western Reserve, and a DCE
consul t ant.
A couple points. This issue of will dust act like
a crevice, it's pretty clear it's not a traditional crevice
that we formin the |aboratory using teflon and form ng very
tight crevices. The experience is that with Alloy 22 netal
to metal type crevices are difficult to get started. There's
not a lot of information on ceramc Aloy 22, and | would
agree, Dave, there's not nuch on dust. But, it's not the
traditional crevice corrosion that you see in the corrosion
t ext books, and things of that sort. You can have occl uded
cells, you can affect the environnment. And, that's an active
area of research

| think you will see a lot tonorrow, and the rest
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of this afternoon, about what is understood about the

chem stry and what happens. There's work at several
different places that are addressing that, what happens under
t he dust, and so forth.

But, the other part is that, a comment to nake, and
we'll reiterate this tonorrow, that using the criteria for
crevice corrosion of the critical potential and the corrosion
potential, and the difference between those as a criteria of
can crevice corrosion occur, is certainly w dely accepted.

don't think anybody is contesting that.

But, what we will show tonorrow, or just rem nd
folks, is that when you neet that criteria, it doesn't
necessarily mean that crevice corrosion starts and conti nues

and propagates. There's this issue of propagation rates.

Also, it's an issue of will that environnment, if it's forned,
will it persist, and is there a crevice there that in fact it
wWill sustainit. So, just to neet that first criteria is the

first step in the decision for you. Thank you.

LATANI SION:  Joe, while you're on the floor, let ne
pursue the comment that Dave quoted fromthe TSPA Peer Panel
in 1997. 1 to 10 mllinmeters per year, hypothetical or
what's the perspective?

PAYER | don't renenber the quote. | probably nmade it.

But, | think what that's based on is when you neasure the

initial corrosion rates under crevice corrosion of a
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suscepti ble all oy, you know, the standard ones that we al ways
| ook at are the austenitic stainless steels, 304, for

exanple, and if you ook at the initial corrosion rates of

t hose, they can be very, very high. So, then, the issue is
will that rate be sustainable, and again, we'll talk a little
bit about it tonorrow, but we believe that when you're not
fully imersed in a beaker of environnment, or in a |aboratory
cell or in a marine environnent, can the cathodic reduction
activity outside the crevice support those rates for very
long? And, we don't believe they can.

LATANISION:  We'll look forward to tonorrow s
present ati on.

PAYER. There you go.

LATANI SI ON:  David Shoesnith?

SHOESM TH: David Shoesmith, a consultant to Bechtel.
Actual |y, Joe addressed nost of the points, but | just wanted
to address one issue, which is the corrosion potential and
the critical potential are on a collision course at al
times, and that oxidizing conditions are forever driving the
corrosion potential positive, and bad environnental
conditions are forever pulling dowm the critical potential.

That is not actually true. As bad environnmental conditions

devel op, they actually pull down the corrosion potential as
well, and it's not necessarily as easy to naturally, wthout
the el ectrochem cal, the advantage is the el ectrochem ca
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driving forces to get that criterion to be established. It
seens to be particularly difficult on Alloy 22.

LATANI SION:  David, just a comment on that point. |If
you exam ne the data that we have been presented from project
wor k, and sonme of it shows up in the backup slides on Dave
Duquette's presentation, it is very clear that the corrosion
potential is in fact approaching, is noving in the oxidizing
direction.

SHCESM TH:  But, if you look at that data, you wll
notice that as you lower the nitrate concentration, the
corrosion potential actually drops as a function of the
nitrate concentration

So, ny point is as you are going nore aggressive in

t he environment, not only are you pulling down the critical

potential, which is the one you' re concerned about, but
you're al so sinultaneously pulling down the corrosion
potenti al .

LATANI SION: Let's end on this point. But, could you
show nme the first of Dave Duquette's backup slides? That

one. We're | ooking here at tenperature dependence of
corrosion potential, and the critical, repassivation
potential in this case. And, you can see the change in the
repassivation potential, which is becom ng nore reducing,
change in the corrosion potential is becom ng nore oxidizing.

But, even nore inportantly, after years exposure, the
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corrosion potential of the base netal has increased into this
band, and the corrosion potential of a welded structure is
even in a nore oxidizing band.

Now, we could discuss this data, and perhaps find
some common ground, but |I'msinply making a point that based
on data that has energed fromproject work, it would tend to
support the comment that Dave nade.

SHOESM TH: That wasn't the data.

LATANI SION:  Okay, |I'msure it wasn't. That's fine.
We' || take one nore question. Conmment from Roger Staehle,
and then we wll go on.

STAEHLE: One of ny concerns about these data and this
di scussion is that the nitrate is not inherently an
inhibitor. N trate happens to inhibit sone reactions, not
necessarily because of being at sone kind of an absorption
process, but in fact maybe because it raises the potenti al

and takes you out of the zone that cracks, or does sonething.

But, in acid solutions, nitrate really does raise the
potential. It is not an inhibitor. | think to make the
assunption that nitrate, just because it's nitrate, is an

inhibitor is wong. And, | think to put that up there as a
nitrate inhibitor and | eave the inpression that nitrate is
al ways an inhibitor is very, very m sl eading.

LATANI SION: Fair enough. W're going to now end this

conversation, and I'mgoing to ask Dan Bullen to take the
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chair, and we will continue with sone presentations by our
friends fromthe NRC
BULLEN: Thank you, Ron.

Contrary to ny predecessors today, |I'mgoing to be
very strict in adherence to tinme. | have the magic tine
device right here, which for each Panel, Panel's are allotted
about 75 mnutes, I'mgoing to set it to 60 mnutes. After
60 m nutes, the tinmer goes off, at which point, I1'd like to
begin questioning. So, we're going to wap it up at that 60
m nutes. Unless you wanted an earlier notice, |'mjust going
to do it to that extent.

| al so want to apol ogi ze to each of the Panels,
because we normally do do very detailed introductions, noting
the very significant credentials of the people that are

presenti ng.

The next three sessions that we have, we'll have
two before the break, and then we'll have one after the
break, the first session is by the Nucl ear Regul atory

Conmi ssion and its contractor, the Center for Nuclear Waste
Regul atory Analysis. Presentation fromthe NRC will be nade
by Tim MCartin, Roberto Pabalan, Darrell Dunn, and Tae Ahn,
and TimMCartin will begin, and | will set the magic tine
device for 60 m nutes.

MCCARTI N:  Thank you. | will have sone very brief

remarks to introduce ny coll eagues to provide sonme context
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for the presentations you'll hear in far nore detail about
t he corrosion processes.

First, I'd like to go to ny first slide, in terns
of giving sone context for the NRC approach to regulatory
review and getting ready for the regul atory review of the DOE
license application, first, it's a risk informed approach
where we woul d be focusing on those things nost inportant to
safety. Second, we support exploratory and investigative

studies at the Center for Nuclear Waste Regul atory Anal yses

in key areas where the data is limted.

Thirdly, and I will spend a little time on this
one. We use performance and safety assessnments to assist our
understanding. | possibly should have capitalized and use
the bold font for the word assist. | did underline it. It
does not do our thinking for us, and | know ever since we
publ i shed Part 63 as one of the authors of that, people have
in part interpreted that we would run a performance
assessnment code, look at the final result, and conpare it to
alimt. |It's either above or below. Qur three year
regul atory mandated review woul d take three m nutes, and |

guess we'd spend the rest of the three years acting |like
we're busy. But, no, that's not the case. And, let ne

explain what | nean when we say we're going to use this

performance assessnent to assi st our understanding.

| ve been running perfornmance assessnent codes for
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over 20 years at NRC for high-level waste disposal. | stil
don't believe any nunmber com ng out of a perfornmance
assessnment code. Wiat | use is the performance assessnent
code to challenge ny thinking, and now ny job is you run the
code, you see the results, nowit's a question of why should
| believe those results. And, that really, to ne, is the
per formance assessnent process, going in and understandi ng
all the attributes of the repository system how
uncharacterizing, howit's being represented in the
performance assessnent, why do | believe that's a correct

representation of the performance. And, that really is the

way performance assessnent is used. It chall enges us.
| remenber two or three years ago at a Board
nmeeting, Dan Bullen | ooked at DOE s perfornmance assessnent

cal cul ati on where they showed the results of a hot and cold
repository were sonewhat the sane. He said he didn't believe
it. | believe it was Dan who said he didn't believe the
results. A fair statenent. The question then is is |ooking
at it, well, why don't you believe it? Wat's wong with
this? And, all that thinking process, that that is what's
going to take the years for the NRC review. Maybe there's
sonmet hing wong with ny understandi ng of how things behave.
Maybe there's sonmething missing in the performance assessnent
code that needed to be in there. Mybe sonmething is

represented incorrectly.
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But, that process of going through and pouring
through the results, why should | believe it, | think it gets
back to the first bullet, risk informed. What are the
inmportant attributes of the systen? Have | captured it, and
is it appropriately represented. And, conpliance, in terns
of conparison of the dose limt, ultimately, clearly we want
to see what relates to that dose limt, or to the dose
estimate. But, just conparison is the easy part of the job.

We woul d expect, as all NRC applicants when they cone in,
they are showi ng that nunerically, they are below our limts.
The question is have they denonstrated why they are bel ow
the limts, and that's really the essence, in ny mnd, of the
performance assessnent revi ew.

Additionally, we would consider all publicly
avai l abl e information in doing our review.

Next slide? |In terns of the three talks you'll see
after mne, and | promsed | will keep to nmy five mnutes,
first certainly we heard about the near-field environnent.
Bobby Pabal an will talk about that. Darrell Dunn will then
tal k about factors influencing uniformand |ocalized
corrosion in Alloy 22, and Tae Ahn will follow with
sensitivity anal yses we've done with the waste package. Al
of these are in the context of understanding the corrosion
processes, and how they relate to representing a potenti al

repository at Yucca Mountain.
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Next slide? However, | do want to point out
inmportantly, the regulatory reviewis based upon DCE s design
and technical basis as they describe in their license
application. As the applicant, DOE has the responsibility to
support and defend its performance assessnent and its
results.

Next slide? And, the reason | say that first is
you will see certainly the NRC, as any technical person when
you start a review, you will bring your experience, your
understanding to informthe review. Utimtely, you will see
nmy col |l eagues present some understanding. It's what the DOE
presents. It's not our analyses. It's DOE s anal yses.

We continue to prepare for the |icense application,
and certainly once again, today you'll see us have sone
results with respect to performance assessnent, sone
statenments made about chem cal environnments, corrosion rates,
et cetera. Conclusions regarding the performance of a Yucca
Mountain repository will conme based upon our |icensing
review. W are not there yet. This is not our licensing
review. We don't even have the |icense application.

So, I'll conclude with that. Those are sone
context remarks, and I'll turn the stage over to Bobby
Pabal an.

PABALAN: Thanks, Tim

There are three types of potential in-drift water
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sources. One, seepage water. Two, deliquescent brines.

And, three, condensed water. The evaluation of the chem stry
of in-drift waters, and it depends on the fact on the
degradation of drip shields and waste packages is conplicated
by the effects of coupled thermal hydrol ogi cal chem cal
processes.

Next? |In addition to the tenporal evolution of the
tenperature and relative humdity within the repository, a
conplicating factor is the spatial variation of tenperature
and relative humdity, as indicated in this schematic of the
tenperature and relative humdity within the repository
footprint, where the center of the repository will be hotter,
and with a lower relative humdity relative to the
internedi ate portions of the repository, and certainly
relative to the edges of the repository footprint.

Next? To sinplify the identification and
eval uati on of the potential scenarios for aqueous corrosion
of drip shield and waste packages, we define four therm
hydrol ogi cal environnents in a potential Yucca Muntain
repository.

First, we define a dry environnent at relatively
hi gh tenperatures that is characterized by the absence or
near absence of seepage water or condensed water at this high
tenperatures. The water above the drifts is unable to

penetrate, avoiding isotherm or at |east the probability of
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seepage water entering a drift is very | ow

The second environment is still above the boiling
i sotope, but the likelihood of |ocalized penetration of water
into the drift is nmuch higher, so you have seepage water that
can undergo sone evaporati on processes.

The third environnment in our thermal hydrol ogical
nodel is below-the tenperature of the drift wall is bel ow
t he boiling point of water, such that there's no nore seepage
comng into the drift environment, and evaporation processes

occur, as well as condensation of water inside the drift.
This is a nmuch wetter environnment than the first two.

And, the fourth one is when you now have
consi derably reduced tenperatures relative to the first
three. Evaporation rates are certainly much reduced conpared
to environnents three and two, but condensation of--there's
circulation of hot noist air within the drift environment,
and condensation of these noist air occurs in the col der
parts of the repository. This m xing of condensed water can
potentially alter the chem stry of any seepage water inside
the drift.

Next? O nost concern for us under the dry period
is the deliquescence of salts on the waste packages that can
formbrines and could result in the initiation of |ocalized
corrosion of Alloy 22.

Next? For environnent two, where you have seepage



© 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

pl us evaporation, the evaporation of seepage water could
result in brines with high concentrations of corrosive
speci es, such as chloride and fluoride on the drip shield,
and al so on the waste package surface after drip shield
failure. In this environnment, you can also form brines by
salt deliquescence.

Next? Under environnent three, you have the sane
potential corrosion environnment as in environnment two, but
condensation here is nore inportant than in environnent two,

and could nodify the quantity and chem stry of in-drift
wat er s.

And, lastly, for environnent four, the water wl|
be relatively dilute, and the potential for |ocalized

corrosion is likely reduced.

Next? As | nentioned, the process of npbst concern
to us for the dry environment is the deliquescence of salt
m xtures. The deliquescence relative humdity of salts or
salt mxtures that are present on the drip shield and waste
package surfaces determnes the tinme and the tenperature of
rewetting of those surfaces. For exanple, for this figure
where you have deliquescence relative humdity of 50 per
cent, a value used by the DOE in its TSPA for viability
assessnent, one could have an initiation of corrosion at
approximately 700 years, just for illustrative purposes, and

a tenperature of about 115 degrees centi grade.
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Next? On the other hand, if the deliquescence
relative humdity goes down to 30 per cent, then you can have
an initiation of corrosion at nmuch earlier tinmes and al so at
much hi gher tenperatures.

Next? There's sonme uncertainty with respect to the
del i quescence relative humdity of salts and salt m xtures.
In particular, there's really very little data for the DRH of
aqueous m xtures. W have been conducting experinments to
determ ne the deliquescence relative humdity of aqueous
m xtures of cations, of the cations calcium nmagnesium
sodi um potassium and the anion chloride, carbonate,
bi carbonate, nitrate, sulfate. W are also interested in the
potential effects of corrosion products, so sone of the
experinments involve using anal ogues for corrosion products,
chromum chloride, salts, and also ferric chlorides.
Measurenents were done by two nmethods. One, with a
hygronmet er, and anot her using conductivity cells.

Next ? Some of our results have shown here what is
clear fromthese experinents is that when you have salts
i nvol ving cal ci um and magnesi um whether in the form of
chloride or nitrate salts, those salts or salt m xtures tend
to have very | ow deliquescence relative humdity. Another
interesting point is that once in the presence of corrosion
product anal ogues, such as chromumchloride and ferric

chloride, these salts contribute to the |owering of the
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del i quescence relative humdity of the salts or salt
m xt ures.

We observed that if these two salts are present, it
is possible to sustain the | ow deliquescence relative
hum dity for the systemof interest. Also of interest is the
del i quescence relative humdity for the m xture of sodi um
potassium chloride and nitrate. This mxture is the
predi cted predom nant conposition for Yucca Muntain seepage
wat er based on the DCE analysis. Wat is interesting is the
relatively strong tenperature dependence of the deliquescence
relative humdity for these m xtures. W don't have
experinmental data right now above a tenperature of 85
degrees. We are still in the process of setting up our
equi prent that hopefully will take us up to about 150 degrees
centi grade.

But, if you extrapolate the tenperature trend for
this particular mxture, it is possible to specul ate that
even for these kinds of waters, that you can have rel atively
| ow del i quescence points of el evated tenperatures.

Next? The inportant thing with respect to
del i quescence of salts is that even if deliquescence occurs
at relatively |ow values at high tenperatures, what is
inmportant is the conposition. There are a few sanpl es taken
by the USGS inside the ESF that suggest the salt dust inside

the ESF have a lot of chloride and also nitrate. But, there
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is additional information for dust compositions in the Yucca
Mountain and vicinity that indicate the presence of
significant concentrations of nitrate and sulfate. These
oxyanions potentially can mtigate the |localized corrosion of
Alloy 22. These figures show tens of ppm of concentration
for sulfate, nitrate, as well as of chloride, but of
particular interest is the ratio of nitrate, sulfate to

chl ori de.

Next? A potential process of concern for
environments two and three is the evaporation of seepage
water. As previous studies by the DOE have denonstrated, the
chem stry of brines forned by evaporation is dependent on the
initial conposition of the seepage water. There's still sone

uncertainty with respect to the conposition of water that may

enter the drift. Qur evaluation of this conposition is still
ongoi ng.

To provide us with sone information about the
potential range of chem cal conpositions that may arise by

t he evaporation of seepage water, we have conducted sone

t her nodynam ¢ simul ati ons using a thernodynam c code to see
what ranges in concentration of the chloride and also the
oxyani ons result by evaporation of a range of initial water
conpositions. Shown in this ternary diagramin pink are the
USGS data for unsaturated pore water chem stry. W have

sel ected about 30 of those conpositions as inputs into our
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t her nodynam ¢ simul ati ons of seepage water evaporation.

Al so shown here for conparison are the el even bins
that DOE uses in its seepage nodel fromthe technical basis
docunent Nunber 5. What we are interested in particularly
are the concentrations of the corrosive species, chloride,
fluoride, and also the concentrations of the inhibitors,
particularly nitrate, sulfate and carbonate.

Next? There is also shown here, these are plotted
internms for the three brine types that are classified for
the chem cal divide theory, we have cal cium chloride,
neutron or sulfate brines, and al kaline or carbonate type of
waters. What the results showis that some brines can have
hi gh concentrations of chloride and certainly fluoride
concentrations that can cause enhanced general corrosion of
the titaniumdrip shield. But, what is interesting in
perspective is that nost of the waters al so have a high ratio
of inhibitors. For exanmple, inhibitors, nitrate, sulfate
bi carbonate and carbonate, the ratio of these inhibitors for
the corrosive species chloride.

Next? This is inportant because the w ndow of
susceptibility for localized corrosion of Alloy 22, as the
next presentation will show, will be chloride to inhibitor
concentrations approxi mately about 10 or higher. Mst of the
brines that evolve by evaporation of those waters with

chem stry simlar to Yucca Mountain saturated zone porewaters
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are relatively benign to Alloy 22.

Now, even for the calciumchloride brines that seem
to have high chloride inhibitor ratios, certainly within the
wi ndow of susceptibility of corrosion of Aloy 22, these high
chloride inhibitor ratios result fromthe formation of the
calcium nitrate and sodium nitrate aqueous conpl exes. And,
at this tinme, we acknow edge that these aqueous speci es have
uncertain thernodynam c data, which we are still evaluating.

Next? Now, Catholic University has conducted a
| aboratory study show ng aci di ¢ condensates where HCL and
nitric acids are fornmed by evaporation of cal cium chloride
type of porewaters. Sone of the results are shown here,
which the pHis a function of volume fraction evaporat ed,
showi ng the tendency to formvery |ow pH, sone |ess than 1.
These experinents have used an experinental system shown
here, where an upright condenser was used to mnimze or
reduce the loss of fluid fromthe system |In essence, it's a
relatively closed system

Next? We've done our own thernodynam c analysis to
see if we can duplicate the results of these experinments.

What our sinulations showis that if you evaporate these
waters, yes, you can formvery acidic conditions, but |ook at
the fraction evaporated. These are very extrene
evaporations. The tenperatures are for these last fractions

of condensates and residuals are at very el evated
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t enper at ur es.

Next? Certainly, to formthis acid condensate,
you're going to be above the seepage threshold, or what is
al so called the vaporization barrier, so that the |ikelihood
of form ng such acid condensates are very lowin a repository
setting.

Next? So, we acknow edge that such nmechani sm of
acid gas generation is possible for sone seepage water
conpositions, but is likely not to be significant to

performance. Like | said, it requires an extrene degree of
evaporation to reach the pHof 1 that | showed in the
previous diagram requires a concentration factor of about
20,000 times. To put that into perspective, you'll need to
evaporate 100 liters into a few teaspoons. It also requires
the high tenperature, which is above the vaporization
barrier, or seepage threshol d.

In addition, there are nmechanisns that can mtigate
the formation of acid gases and its effect on corrosion. The
acid gas likely will mx with other in-drift gases, mainly
t hrough natural convection. There are also interactions of
t hose acid gases that an occur with the wall-rock, with the
in-drift materials, and also with seepage and condensate
wat er s.

Next? For exanple, these are cal cul ations that

show i f you m x acid condensates with an initially | ow pH of
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5.6 with some porewater that certainly would be present
inside a drift, you can get pH pretty nuch close to neutra
by this m xi ng process.

Next? This figure shows a sinulation of a reaction
bet ween a condensate with pHinitially of about 6 or so, with
an anal og for Topopah Spring tuff. The sinulations show that
within a matter of days, you already achieve a pH close to
neutral, and within a period of 200 days or so, you can
achi eve steady state conditions.

Next? |In summary, in support of the NRC regul atory
activities, we have been conducting experinments and
t her rodynam ¢ nodeling to define the range in chem stry of
waters that potentially can contact the drip shields and the
wast e packages.

Next? O the four thermal hydrol ogic environnents
consi dered, we believe environment two has the greatest
potential for accelerated corrosion of the drip shields and
of the waste packages after drip shield failure. But, the
concentration of corrosion inhibitors may be high enough to
mtigate the potential for localized corrosion of Alloy 22.

Envi ronnment four, which has the |ongest duration of
the four environments that we considered, has a limted
potential for enhanced corrosion of the drip shields and
wast e packages.

Thank you.
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BULLEN: Bullen, Board. M conplinments. You're three
m nutes in, and hal fway done, that's great. Dr. Dunn, you're
on.

DUNN: No doctor. Okay, well, first let me start by
acknow edgi ng ny contributors at the CNVRA, and al so the
Nucl ear Regul atory Comm ssion for funding this work.

Next slide, please? I'mgoing to just talk nostly
about localized corrosion of Alloy 22, and I'"mgoing to go
over the effects of tenperature, aggressive and inhibiting
speci es, and netal lurgical conditions, such as what happens
if you fabricate, weld or thermally age this material. | do
have one slide where I"mgoing to tal k about passive
di ssolution and the effect of tenperature and netall urgical
condition, and also | oss of passivity that can occur if you
were in a high tenperature acidic chloride solution

This slide shows sone uniformcorrosion rates that
wer e nmeasured using el ectrochem cal inpedance spectroscopy
with Alloy 22, and both of these are done as a function of
tenperature. The slide here on the left shows the mll-
anneal ed all oys, the black synbols. And, as you can see, the
corrosion rate does increase if you go to el evated
t enper at ur es.

l"d like to point out that this is data that was
obtained for a short-term exposure, and we're pretty

confident that the corrosion rate actually decreases with
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time. So, | wouldn't take this activation energy just yet.
If we |ook at the effect of fabrication processes,
these are shown as the blue dianonds and the inverted

triangles, the inverted triangles being the as-wel ded
mat eri al, and the bl ue dianonds being thernmally aged
material, both of these materials have topol ogically close
pack bases whi ch consune nol ybdenum and their primary effect
really is to increase |ocalized corrosion susceptibility, but
there also is a slight effect on the uniformcorrosion rate.
The slide here on the right shows the sane data for
the mll-annealed Alloy 22, and | al so have sone data here
for, again, mll-annealed Alloy 22 in a very concentrated
magnesi um chl oride solution. In this particular solution,
you can see that there's nmuch higher corrosion rates, because
in this particular condition, which is 7 nolar chloride,
there are less than pH 3, one may have a difficult tine
mai ntaining an acid filmon the alloy. And, so, you can get
hi gher corrosion rates under those conditions. But, this
type of condition with this pure, very concentrated chloride
solution is not sonething that we woul d expect in the
enpl acenent drifts.
The rest of the presentation, |I'mgoing to just
tal k about | ocalized corrosion tests. The slide here shows
an exanple, or the figure here is an exanple of sone of our

| ocalized corrosion tests where these are el ectrochem cal



© 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

200

tests where we control the potential of the specinmen. This
is plotted as this black line here, so we start at sone | ow
val ue and we ranp the potential up and sit at sone high val ue
for a while, and try to initiate |localized corrosion of these
speci mens. After that occurs, we slowy decrease the
potential and neasure repassivation of crevice corrosion.
This crevice corrosion repassivation potential is
what we use in the total performance assessnent code for
assessing the | ocalized corrosion susceptibility of Alloy 22.
We use these tests to evaluate the effects of inhibiting
speci es, such as nitrate, bicarbonate, sulfate. Al so, we
| ooked at different fabrication processes, welding, post-weld
heat treatnments. And, these tests are backed up with sone
| ong-term potentiostatic tests that are done under a | ong
period of time, a nunber of nonths, and al so sone open
circuit potential tests where we look at the initiation of
| ocal i zed corrosion under open circuit conditions.
This particular figure here shows results for a

pure chloride solution in the red, where we observe that the

current density is quite high when we initiate |ocalized
corrosi on. If we take a simlar solution with 4 nolar sodi um
chloride and sodiumnitrate, a little bit of sodiumnitrate

in the solution, no localized corrosion is initiated, and you
can see there is quite a different current response for this

mat eri al .



© 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

201

Well, this, | guess, very simlar slide shows up in
Dr. Duquette's backup slide, so | think the Board has seen
this particular data set before. The blue synbols here are
for the mll-annealed Alloy 22. The thing | want to point
out is that there is a strong effect of alloy conposition of
course as we increase alloy and all that conposition, with
particul arly nmol ybdenum we push the region of susceptibility
of these alloys to higher potentials and higher chloride
concentrations. This figure also shows the triangles here,
the red triangles, or the black triangles, either therm
aged material or as-welded nmaterial, and you can see that if
we take Alloy 22 and we do sone fabrication process, we shift
the susceptibility of this material back towards | ower
chl oride concentrations and | ower potentials.

So, clearly, the material in the as-wel ded
condition, or thermal aged condition, is nore susceptible to
| ocal i zed corrosion conpared to the mll-anneal ed all oy.

Next slide? Again, this is a very simlar slide
that shows up in Dr. Duquette's backup slides. This was data
that was al so, of course, previously presented to the board.

The only thing |I've added here is the different environnents
fromDr. Pabalan's presentation. So, this is environment

one, which we expect to be essentially dry, no seepage, and
then environnents two and three are a conbi nati on of

evaporati on and seepage, evaporation, seepage and



© 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

202

condensation, and in environment four, at mnuch | ower
tenperatures is the seepage and condensati on.

So, at high tenperatures where you woul d expect to
see enhanced susceptibility to |l ocalized corrosion, and
certainly that's indicated by the | ow val ues of repassivation
potential, the nodeling here would indicate that the
environment here is actually dry, and there's no seepage
water comng into the drift.

The figure here on the right is also the sane as
what was presented in Dr. Duquette's presentation. This was
the thermally aged alloy at 60, 80 and 95 C. |'ve thrown in
sonme additional data here. This is a welded Alloy 22 that's
been solution annealed. It behaves a little bit differently
than the thermally aged all oy, but what we were actually
doing here is using the performance of the thernmally aged
alloy to represent, give the as-welded, or welded in solution
anneal ed All oy 22.

Next slide? This slide shows some corrosion
potential measurements of Alloy 22 in a variety of different
solutions. What's shown here is the corrosion potential is
clearly a function of pH It's not really a function of
chl oride concentration. The red open circles here are 4
nol ar chloride at around pH 3, and ook at a simlar set of
data in a nmuch nore dilute chloride solution, there's very

simlar corrosion potentials. |If we go to nore al kaline pH
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you can see that the corrosion potential drops quite a bit.

And, the figure here on the right is the corrosion
potential data, superinposed is bands that are independent of
chl oride concentration, with the repassivation potential data
nmeasured for the thermally aged all oy, which we were saying
represents both sone thermally aged or as-wel ded or wel ded
and sol ution anneal ed, and this blue line here is the
repassi vation potential data for the mll-annealed Alloy 22.

In order to have |ocalized corrosion occurring, you need to

have a corrosion potential that's greater than the
repassivation potential, and for mll-annealed alloy, that's
possible if we're in concentrated chl oride sol utions,
particularly if we had an acidic pH

For the thermally aged all oy, because the
repassivation potential has shifted towards |ower potentials
and | ower chloride concentrations, we would expect this alloy
to be nmuch nore susceptible to |l ocalized corrosion than
per haps a broader range of sol utions.

| want to point out that this particular data does
not include the inhibiting effects of the different anions
that would likely be in solution.

So, this is the criteria here for |ocalized
corrosion initiation of Alloy 22 as shown here in the red.
We say that the corrosion potential has to be above, not just

above initially, it has to be above and be nuaintai ned above
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the critical potential for |ocalized corrosion, which is the
repassivation potential. Chloride concentration has to be
above sone critical value for localized corrosion to occur.
And, we al so have to have an inhibitor concentration that is
low with respect to the chloride concentration solution, and
sonme of the subsequent slides that | have will show this
data, and al so, the tenperature has to be above a critical
tenperature for the localized corrosion to occur.

I f these conditions are satisfied, the PPA code
cal cul ates the repassivation potential using this common
regression equation, and |I've put values for these different
paranmeters here in the table. W have values for the mll-
anneal ed all oy, and a different set of values for the
thermally aged alloy. |'ve provided sonme tenperature ranges
over which these paraneters are valid.

The critical chloride concentration for the mill-
anneal ed all oys have nolar, and for the thernmally aged all oy,
at high tenperatures, it can be quite low, it can be .01, but
down at 60 C, it increases quite a bit. And, sone of the
subsequent slides will show the inhibit chloride effects.

For the mll-annealed alloy, a very small concentration of
inhibitors will conpletely inhibit |ocalized corrosion of
Alloy 22. You need a little bit nore for the thermally aged
al | oy.

Next slide? This is nore recent data that we
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haven't presented to the Board before, |ooking at both mll-
anneal ed Alloy 22, and also thermally aged Alloy 22. This
was done in very concentrated 4 nol ar magnesi um chl ori de,
tenperatures up to 110 degrees C. And, what's shown here is
t he repassivation potential as a function of the nitrate to
chl oride concentration ratio. And, what you can see is that
if we just ook at the high tenperature data, one can see as
we increase the nitrate to chloride ratio, we see an increase
in repassivation potential. W still get |ocalized
corrosion. Alittle bit higher, localized corrosion is stil
observed, but repassivation potential is getting very high,
and we don't want that. W don't want |ocalized corrosion at
al | .

The sane thing for the thermally aged all oy, the
sanme type of response, it just takes a higher val ue of
nitrate to chloride to conpletely inhibit |ocalized
corrosion. The bars here at the top indicate the likely
range of nitrate to chloride in evaporated brines. And, so,
for nost of the evaporated brines, the nitrate to chloride
ratio is sufficient to inhibit |ocalized corrosion of the
m |l -anneal ed all oy, and a substantial fraction of the
bri nes, evaporated brines, wuld have enough nitrate to
chloride to inhibit | ocalized corrosion of the thermally aged
or wel ded Alloy 22.

Next slide? This slide shows data for sulfate and
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fluoride. Again, this is thermally aged Alloy 22. W used a
| ower chloride concentration here because sul fate and sone of
t he ot her oxyani ons have nore limted solubility, which Il
show i n a subsequent slide. So, we wanted to use a | ower

chl oride concentration to expand the range of anion to
chloride ratio that we could explore. And, what we see here
is that if we add a sufficient anbunt of sulfate to solution,
again, a sulfate to chloride ratio of about .1, we pretty
much inhibit |ocalized corrosion. W do have one case where
we're getting localized corrosion, but the repassivation

potential is quite high, certainly above what we woul d expect

for any value of open circuit potential. W don't see that
fluoride inhibits | ocalized corrosion of Alloy 22. It really
appears to act nore as a diluent, which nmeans that it neither

inhibits localized corrosion, or does it enhance the effect
of chloride. So, it doesn't act as a synergistic ion with
chl ori de.
The likely range of sulfate to chloride in
evaporated brines, however, is fairly low, and, so, this is
t he upper end right here, about .02. So, it wouldn't appear
as though many of the evaporated brines woul d have enough
sulfate by itself to inhibit |ocalized corrosion of Alloy 22.
This is a simlar data set with, again, thermally
aged Alloy 22, and half nolar sodiumchloride. And, here,

we' re | ooking at carbonate and bi carbonate as inhibitors for



207

| ocal i zed corrosion. And, so, what we see is if we add a
little bit of carbonate to solution, repassivation potenti al
junps quite a bit. Add a little bit nore, and we don't
observe | ocalized corrosion at all.

A simlar effect with bicarbonate, it doesn't
appear to be quite as good, but it's pretty clear that both
carbonate and bi carbonate can be inhibitors of |ocalized
corrosion. And, again, the bar at the top indicates the
i kely range of both carbonate and bi carbonate to chloride in
evaporated brines. And, so, for some of these evaporated
brines, there could be enough carbonate and bi carbonate al one
to inhibit |ocalized corrosion of Alloy 22.

This figure shows the maxi mum concentrations of
carbonate, sulfate, bicarbonate as a function of chloride
concentration. It doesn't indicate what we expect to be
there, just the maxi num val ue that you could put in solution
and still be soluble. So, you know, our tests were done in
hal f nol ar sodium chloride solution, and these particul ar

speci ati on cal cul ations, of course, show that as you get to

really concentrated chloride solutions, the anmount of these
oxyani ons that you could put in solution dimnishes quite a
bi t.

That's not true for nitrate. |It's highly sol uble,
as | showed in sonme of the previous slides, and can act as an

inhibitor, even in concentrated chloride solutions. So,
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again, our likely range of nitrate to chloride in evaporated
brines ranges from maybe just below the threshold of critical
value for the mll-annealed material, up to values well|l above
the critical nitrate to chloride ratio to inhibit |ocalized
corrosion for either mll-annealed or thermally aged All oy
22. And, this assunes that none of the nitrate conpl exes,
calciumnitrate or sodiumnitrate conpl exes, that Dr. Pabal an
menti oned woul d occur.

If we ook at all the inhibitors, that neans
nitrate, sulfate, carbonate and bicarbonate, it's slightly
hi gher, mainly because of the contributions of carbonate and
bi carbonate. And, so, this value is slightly elevated for
nost of the brines, nost of the evaporated brines. And,
again, our premse here is that |ocalized corrosion is
inhibited if we get an inhibitor to chloride ratio that's
greater than about .1 for the mll-anneal ed material, about
.02 for the thermally aged or wel ded Alloy 22.

This table shows a sunmary of environnmental and
nmetal lurgical factors for localized corrosion. In just kind
of a decoder wheel here, the plus synbol indicates an
increase in corrosion potential, or repassivation potential.

The m nus, of course, is a decrease. And, zero is no
change. And, topping the list, we think it's really
obviously the nost significant, if we have the nitrate or

other inhibitors in solution, don't expect to see too nuch of
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a change in corrosion potential, but we do see a substanti al
increase in repassivation potential, indicating that the
material is not likely to be susceptible to | ocalized
corrosion.

If we see an increase in pH, this tends to decrease
the corrosion potential. It doesn't have any affect on
repassi vati on potential .

The chloride concentration |I've listed here is
decreasing the corrosion potential, although you will note

maybe in one of ny previous slides, we didn't really see that
very well. If we went to really concentrated chloride
sol utions, perhaps neutral pH chloride solutions, we would

see a solving out, a decrease in the dissolved oxygen
concentration, and that m ght actually decrease corrosion
potential, but we didn't actually observe that in our tests.

We do, of course, observe that it decreases the
repassivation potential. And, of course, tenperature, we
really think that if you increase tenperature, you decrease
corrosion potential, at |east at tenperatures bel ow boiling
anyway. And, certainly we do see a decrease in the crevice
corrosion repassivation potential .

Sonme of the other things I didn't cover here, the
effect of reduced sulfur species and ot her species that can
i ncrease the corrosion potential, like radiolytic species,

hydr ogen peroxide, ferric irons, for exanple. W do see an
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increase in corrosion potential if we age the passive film
although this is pretty limted. It doesn't affect
repassivation potential. And, the fabrication process is
where we have formation of internetallic phases at grain
boundari es, or segregation of alloying elenents in welds.
These tend to have a negative inpact on repassivation
potential, but don't affect corrosion potential too nuch.

So, our summary, we have | ooked at passive
corrosion rates. They are dependent on tenperature and
nmet al | urgi cal condition, but the passive corrosion rates are
| ow under steady state conditions. W have observed an
accel erated uniformcorrosion of Alloy 22 in acidic
concentrated chloride solutions at high tenperatures, but we
note that these solutions are not expected within the
enpl acenent drifts.

The | ocal i zed corrosion susceptibility of Alloy 22
depends on a nunber of factors, include chloride
concentration, concentration of inhibitors, tenperature, and,
of course, netallurgical condition. The fabrication
processes can have a negative inpact on |ocalized corrosion
resi st ance.

A nunber of the anions studi ed have been shown to
be effective inhibitors, nitrate, carbonate, bicarbonate, and
sul fate, when they are present in sufficient concentrations

relative to chloride. And the nitrate to chloride
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concentration ratio necessary to inhibit |localized corrosion
isin the range of .1 to .2, slightly dependent on chloride
concentration, tenperature, and netallurgical condition.

So, if we went to even higher tenperatures, we nmay
have to have an increase, a slight increase in the anmount of
nitrates you would need. But, as long as you have nitrate
present in sufficient concentrations, | would expect it would
inhibit |ocalized corrosion.

Thank you.

BULLEN:. Bul |l en, Board.

Thank you very nuch, Darrell. [I'll point out to
Tae Ahn that ny little timer says ten mnutes left. So, you
m ght want to cut their funding next year so they don't talk
so well. See, Darrell, you can't win. |'msorry.

Tae, you're on.

AHN:  Good afternoon. Bobby Pabal an addressed the
i nportance of the evolution of the high tenperature
del i quescence salt, including especially two salts. One is

t he cal ci um magnesi um chloride. The other one is a m xture
of sodi um potassiumchloride and nitrate, which will elevate
t he aqueous condition near 250 degrees C.

Then our | ater data done, conducted the corrosion
experinment, considering the inhibitors, as well as the high
tenperature in determning the uniformcorrosion rate, as

well as the--to localized corrosion. As Timnentioned, in
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the regul atory perspective, we needed to know t he consequence
of those factors in the Total System Perfornmance Assessnent
to assist with the understanding of the process.

What | would |ike to present here is to consider
t hose high tenperature deliquescent salt effects, also the
inhibitor effect in the NRC s report on Total System
Per f or mance Assessnent.

VWhat | would |ike to present here is the previous
analysis of NRC s Total System Performance Assessnent. Then
our current analysis of Total System Performance Assessnent,
and a basis will be presented. And assum ng we have a | ong-
termpassivity, | would like to go over issues involved in

projecting the | aboratory testing, which are all over the

geol ogical period. Then, I wll conclude.
Next slide, please? This is the previous NRC
anal ysis of Total System Performance Assessnent Code. Al

corrosion parameters were fromel ectrochem cal tests in pure
sodi um chl oride solutions. And, the deliquescent salt

m xture or inhibitors were not considered. And, the drip
shield life time was sanpled froma | ognormal distribution of
3700 to 27,300 years, and no corrosion failure of waste
packages was detected in 10,000 years. This previous TPA
exercise resulted in about 0.03 mlliremper year at 10, 000
years.

Next slide, please? In this current analysis, we
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considered the effect of the deliquescence salt reaching high
t enper at ure aqueous corrosion, and also the effect of
inhibitors, and the effect of evaporation, assum ng | ow
crevice corrosion would occur.

Next slide, please. This slide has been shown
already three tines, including nmyself. This is crevice
repassi vation potential versus tenperature. | would like to
enphasi ze that this particular set of data is in pure sodium
chloride solution, and the concentration varied from.5 nol ar
to 4 point nolar. 4 point nolar neans near saturation at
this particular tenperature. This is an inportant point.
And, as you see here, it indicates scenario one and two and
three, and in this tenperature reginme, the Alloy 22 will be
susceptible to localized corrosion in pure sodiumchloride
sol uti on.

And, the next slide shows when the inhibitors, in
this case, nitrate, are added in sufficient amounts, this
crevice repassivation potential will stay constant. As the
nitrate concentration increased, the ratio increased from?2
to 4 in this case. A couple of points, this is the weighted
Alloy 22. It's not real Alloy 22. The detailed w ndows of
the susceptibility were given by both Pabal an and Darrel
Dunn. | will not go over this one in detail.

What | am enphasi zing here, with a sufficient

amount of nitrate, the repassivation potential stays very
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hi gh here, as the next slide shows.

This is the TPA output. The left slide is the
anal ysis using current information of repassivation
potential, up to 150 degrees C., considering such a high
tenperature deliquescent salt, such as cal ci um nmagnesi um
chloride, or a mxture of sodium potassiumcalciumnitrate.
In this case, it does not have inhibitors, therefore, we
expected a | arger nunmber of waste package failure. Indeed,
about 87 per cent of waste package failed within 10, 000
years. At 10,000 years, those went up to alnost 3.7 mllirem
per year.

And, the right figure is fromthe exercise using
the inhibitor curve, assum ng abundant nitrate present.
There are basically no corrosion failures of the waste
packages was observed, and those were very |ow, 0.027
millirem mainly from-failure of waste package. Again, in
this case, pure sodiumchloride solution

Anot her note here is in this particul ar exercise,
there was no drip shield. However, we believe availability
of fluoride can Iimt the drip shield corrosion.

The next slide shows--before | go over there,
would i ke to nention that fromthe data and Bobby's
presentation, the effect of tenperature and inhibitors there
is significant, and the high tenperature deliquescence could

occur in cal cium magnesiumbrine, and in the brine of sodium
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pot assium chloride nitrate m xture. The fracture of the
del eterious chem stry such as a cal ciumchloride brine could
be small. That's the first note here.

However, as the uncertainties associated with
havi ng beneficial or deleterious chem stry, we have
devel oped, with tinme, we needed to consider the probability
of having a deleterious chem stry fromthe high tenperature
del i quescence. So, this is the one exanple exercise of a
probabilistic approach of the evaluation of high tenperature
del i quescence and i nhi bitors.

In this particul ar exanple, we sanpled critical
relative humdity to upset the aqueous corrosion froma
normal distribution, fromO0.35 to 0.60, and considering the
hi gh tenperature deliquescence, as well as inhibitors in a
random manner .

In this particular exercise, about 17 per cent of
wast e packages were failed fromthe distributions, giving
t hose at 10,000 years about 0.95 per cent. And, this 17 per
cent is inmportant, representing the distribution of
del eteri ous aqueous chem stry and inhibitor distributions,
both in tinme and space.

And, the detailed distributions of the chemstry
are deleterious or are beneficial chemstry, as well as the
wi ndow of the susceptibility, such as anion inhibitor to

chloride ratio, as presented by Darrell, are currently under
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i npl enent ati on.

The next slide shows assumi ng | ocalized corrosion
could occur in certain areas, we needed to consider whether
that the partial exposure of surface areas could affect the
rel ease of radionuclide. 1In this particular exercise, we
nodi fied inputs to estimate the effects of exposed surface
area fromsize and the frequency of perforations.

There was sonme--this question about the stifling of
the pits in the crevice this afternoon. This exercise is
based on the observation that, first, pits could be stifled
under open circuit corrosion conditions. |If pits are kept in
line, all criteria are critical repassivation potential, and
so on, canme fromthe extra chem cal conditions, giving the
forced el ectrochem cal conditions. That's one basis, we
considered the stifling and pitting the exposed surface area
const ant .

The second area is a crevice area likely to be
restricted. You have limted distribution of particles, also
[imted rock bolts and contact area. These two facts |ed us
to exercise the limted exposed surface area. This is those
curves fromthe TPA exercise. This red curve is fromthe
previous slide showing no effect of the restricted area. In
ot her words, there was no exposed area fromthe pit. It's
conpletely the waste package was renoved.

The bel ow one is a sanple of the exposed area from
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10--one to one, fromthe literature data, side and the pit
density. As you can see, at 10,000 years, those dropped from
3.7 mllirens to about 0.2 or 0.3 mllirens per year.

The next slide shows--now, our data al so showed
sonme concern about the high tenperature uniform corrosion
rate. Because these two conditions of high tenperature may
| ead to high tenperature, we considered the effect of high
tenperature on uniformcorrosion rate

The first case is sodium potassiumchloride nitrate
conbi nation, the effect. This case, corrosion rate is not
very high at high tenperatures. However, as Darrel
menti oned, the corrosion rates | expect it to decrease with
time. For exanple, weight |oss neasurenents up to five years
shows nuch | ower value than the chem cal test results.

In the case of cal ci um magnesi um chl ori de hi gh
tenperature deliquescence, pH nmay go down, leading to
enhanced uniform corrosion, as shown by Pabal an, however, the
fracture of these salts is low, as | nentioned earlier, and
this salt is likely to deconpose, and the resulting acids
wi || evaporate.

BULLEN: Bul |l en, Board.

Tae, you've got about five nore m nutes.

AHN: Okay. That's all | need. And, the next slide
shows tine and extent of waste package corrosion is

inmportant. G ven no localized corrosion condition with
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passivity fromlaboratory testing, we need to assess the
stability of passive filmover a geological time period. W
use inference from nodeli ng and anal ogue study, enphasi zing
potential long-termlatent effects.

The next slide shows we considered in the nodeling
all the formation, anodic sul fur segregation at netal-oxide
interface, anion selective sorption in crevice, and
devel opment of |arge cathodic surface area of corrosion
products, all to see the stability of passive film

In the anal ogue study, we investigated the
responsi bl e mechani sms for the long-termsurvivability of
anal ogue, such as passivity, and nodel s and anal ogues gives a
better technical bases.

The next slide shows, we sunmarize, we need to
consi der both del eterious and beneficial conditions. W need
to consi der magnesi um based and m xture, high tenperature
del i quescent salt. Waste packages coul d be passivated by the
effects of inhibitors. The release can be |imted by the
[imted anount of deleterious high tenperature salt, and
surface area exposed.

And, the performance assessnment provides tools to
eval uate the inpact of these high tenperature effects.

Under standing of the stability of passive filmover a
geological tinme period is being conducted, assisted by

anal ogues and nodel i ng.
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Thank you.
BULLEN: Thank you, Tae. And, thank you, Team NRC for
gi ving such a nice presentation in a concise tine.
Now, |I'mgoing to go to the front of the room
because | guess | have to take questions from everybody.
Board nmenbers will be first, and I'll--no, | don't
have a question for you. W'Ill start with the Board nenbers.
Davi d, and then Ron?
DUQUETTE: Duquette, Board.
A coupl e of questions, and I'll try to keep them
short. One of themis | don't knowif you want to call it a
policy question or not, but there's sonme testinony before

Congress, Acting Chairman Diaz indicated that the NRC s data

di sagree with the Board analysis. Wuld you conment on that,

pl ease?
MCCARTIN:  Well, | was not there for that testinony.
What we' ve presented today are the results of the information

we have and our current understanding of the state for
corrosion of Alloy 22. 1'd have to get back to you in terns
of--1"mnot going to try to guess, you know, exactly what the
chai rman was stating. | was not there.

DUQUETTE: Ckay. A second question is, Duquette, Board,
virtually alnost all of your data are at tenperatures at 95
degrees Celsius and below, with a few data points at 110, and

some nore recent stuff at higher tenperatures. |Is there sone
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reason why NRC chose to stay at 95 degrees Cel sius?
DUNN: Darrell Dunn, CNVRA

The boiling point of water at Yucca Mountain is 96
C. W intentionally chose to go higher and | ower, and |
think that the cal culations that were shown here for the
seepage threshold woul d suggest that we've expl ored
t enper at ures above and bel ow t he seepage threshol d of water
in the enplacenent drifts.

W' ve explored a range that spans above and bel ow
that. And, certainly the data that's used in the TPA Code to
nodel the | ocalized corrosion of Alloy 22 goes above 95 C
In fact, the | owest tenperature there for the material is 80.

So, it goes from80 to 125 C

DUQUETTE: You al so indicated that your inhibitor
concentrations in general have to be greater than about 10
per cent of the chloride concentrations. |Is that based on,
obvi ously, your data says that. Do you agree that the salts
that will be present in the repository will be at that ratio
of, for exanple, nitrate to chloride?

DUNN: That's what, you know, the bars that | showed on
t he graphs where we indicate the likely range of
concentrations. Essentially, that was 75 per cent or nore of
t he evaporated brines woul d have those high concentrations of
nitrate to chloride.

DUQUETTE: And, finally, Duquette, Board. You indicated



221

| think in your presentation that your observations were that
as tenperature went up, your open circuit potential went
down, whereas | think the data that was shown on ny backup
which is DOE data, shows the open circuit potential going up
as tenperature goes up. Any comment on why the difference?

DUNN:  Well, we didn't actually present our data. In
fact, we're not acquiring it yet. But, we've started at high
tenperatures and decreased that when we see that the
corrosion potential goes up as we decrease tenperature.
That's the basis for ny statenent.

| think that the reason why you see the DOE data

showi ng hi gher corrosion potentials at higher tenperatures
may be in part because nuch of that data is limted to very
| ow pH sinul ated acidified water conditions. That particul ar
sol ution has actually the greatest range of corrosion
potential data over tenperatures | think fromabout 30 or 25
to 90. Sone of the other solutions that were near neutral,

there was a nore limted range of tenperatures explored.

DUQUETTE: Duquette, Board.
No, | meant that the really high tenperatures over
90. If you renenber, that curve went up pretty dramatically
bet ween about 90 and 150, for exanple. The corrosion

potential went up with tenperature.
DUNN: No, | don't have an explanation at this tinme for

that. |'mnot prepared to comment on that.
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DUQUETTE: Thank you.

BULLEN: Bullen, Board. |1'mgoing to actually take a
chairman's prerogative here real quick and ask if you could
put up Bobby's Slide 4. And, | knowit's going to take a
little bit because I'lIl give you a little introduction to
what |'m going to say.

| actually saw Bobby Pabal an's Slide 4 previously,
and | was very intrigued by the fact that you divided it into
four reginmes, dry, seepage, all the way down to seepage plus
condensation, and identified dry as greater than 105 degrees
C. And, | guess the question that | have for you is are you
famliar with the results of a |large bl ock experinent that

was conpleted in about 1997? And, the reason | say that, you

don't have to answer, I'Il tell you what ny story is.
The | arge bl ock experinment was a very | arge bl ock
of volcanic tuff that was carved about two neters on a side

with four or five heaters that were put in the base, and
unfortunately, or perhaps fortunately, they forgot that it
rains in the desert, and, so, at one point when the
tenperatures were greater than the boiling point of water, on
the order of 100 to 135 degrees C. W had a very | arge
rainfall event, and | o and behold, all of the thernocouples
in the region near the heaters that were greater than 135
degrees C., and one data acquisition tinme step, honogenized

to 96 degrees C., which tells ne that there are events that
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t here overcone the seepage threshol d.

And, so, | understand that these are cal cul ations
and that the seepage threshold is probably based on what
woul d be considered a steady state event, but would there be
a possibility for transient events, based on the data that |
j ust showed you, to basically drop that threshold and
actually overcone the possibility if it's going to be dry at
greater than 105 degrees C ?

PABALAN: Roberto Pabal an, CNWRA. Yes, actually, the
val ue of 105 is not neant to indicate the absence of seepage
water. As you can inmagine, as you increase the tenperature,
it requires much nore flow to pierce this voiding isotherm
So, this is really only--one can say that there is a spectrum
of tenperature at which seepage can occur either by focused
processes or preferred flow paths. The higher the
tenperature, the lower the probability that you will have
seepage water. So, 105 degrees is not neant to indicate an
absol ute val ue.

BULLEN: Bullen, Board. Thank you.

And, actually, when we heard this norning about
seismc events with |ow probability, high consequence events,
| think that we have not necessarily a |ow probability, but a
sporadi c probability that you' re going to have a high influx
t hat coul d i ndeed overpower any boiling isothermthat you' ve

identified. And, then, you' ve got probably the worst of al
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conditions. You' ve got hot and wet, and that's not the
conditions that you want.

|'"d also like to go to just Figure 13 on the sane
slide. Tim do you want to conment?

MCCARTIN:  Yes, just followup a little bit on that.
Certainly in our performance assessnent, we've | ooked at, you
know, there's going to be variations in infiltration rates,
and the one thing we do consider is there should be sone
correlation, that if you get a lot of dripping, a |lot of
wat er everywhere in the repository, it's going to be of a
smal |l volune. As you get to |imted nunber of dripping
| ocations, you could have | arger anmounts of water. But, |
don't know if you're suggesting a |lot of water to a | ot of
places in the repository. It would be nore limted as you
increase if you get a focused flow, for exanple, it would be
[imted areas.

BULLEN. Bullen, Board. | would tend to agree. But,
the problemis it's focused at an area where you're going to
have a very aggressive environnent and may | ead to package

failure or drip shield failure. Can | see Slide 13 just for

a second?

The only other comrent 1'd |ike to nmake--keep going
all the way down, | guess. It's his summary. Actually,
right here, that l|last one, environnment four. If environnment
four has limted potential for enhanced corrosion in drip
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shi el ds and waste packages, why woul dn't we always want to be
in environnment four?
PABALAN: | will defer--
BULLEN: You don't have to answer that one. That's a
Dan Bul |l en question and | defer.
Ron Lat ani sion, David D odato, and then we're going
to break. Okay, I'msorry, |I've got to cut you off.
LATANI SION:  You didn't give hima chance to answer,
Dan.
BULLEN. | know.
LATANI SI ON:  Lat ani si on, Board.
|'"d like to turn to Slide 6 of Darrell Dunn's talk
| think this slide on the right is a particularly
interesting and instructive one, if | understand it
correctly, and I want to nake sure by some questions here

that | do understand it.

VWhat | read that data to say is that in
concentrated brines, at tenperatures as | ow as 60 degrees
Centigrade, there is evidence of crevice corrosion.

DUNN: That's correct.

LATANI SION: And, noreover, if you have thernmally aged
or wel ded structures, you see an even greater susceptibility
over the sanme range of conpositions and tenperature.

DUNN: Let nme go back to the first question. The first

guestion was focused only on mll-annealed material, or
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wel ded material? That's either thermally aged or welded in
solution annealed for the 60 C  The mll-anneal ed, the
| onest tenperature shown there is 80 C

LATANI SION: Right. GCkay. And, what about the 95
degrees thermally--wel ded and sol uti on anneal ed, and then you
have thermally aged, okay. | see.

But, is it your comrent, though, that you feel that
these data--let's focus on the first point. You're seeing
evi dence of |ocalized crevice corrosion at tenperatures as
| ow as 60 degrees Centigrade. Your conment in response to
Dave, and in your text, is that your sense is that the
natural, the inhibitors that are naturally present, the
nitrates, for exanple, that are naturally present in the
repository would be sufficient to inhibit these problens.

So, |I'mwondering about the practical inplications. From
your perspective, are you prepared to make a judgnment on
viability of the waste package in the repository environnments
based on the data you have available to you? Do you feel
confortabl e maki ng judgnents about the stability of the waste
packages?

MCCARTIN:.  Well, as | pointed out, we are not maki ng any
judgnments here. We will make a finding based on our
licensing review. It wll be based on the information the
DCE presents in their license application.

VWhat we're showi ng and tal king about today is in
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getting prepared for review. W are devel opi ng our
understanding. W certainly bring, as any analyst brings to
a problem their understanding of the problem and we wll
bring our understanding to it. But, our review w || focus on
what is DOE telling us, and are they supporting what they're
saying. And, that judgnment will conme during our |icensing
revi ew.

LATANI SION: | appreciate that. The point I want to
follow up on is the inportance of the issue of taking the
position that the natural anbient provides a sufficient
i nhi bitor population, as | understand the data that we're
| ooking at, to actually provide renediation or protection
fromthe point of view of crevice corrosion. That's a pretty
inmportant statenment, and | think 1'd like to hear perhaps
fromsone of the other folks in the audience on that as well.

But, | just want to nmake sure | have the correct perception
of what you fol ks are sayi ng.

MCCARTIN:  Certainly. And, what we do in getting ready
is looking at things not only that are beneficial, but
del eterious to repository performance to get a sense of if
DOE is going to claimcertain things as beneficial, have we
| ooked at certain processes, and you're right, sone of the
evi dence points to that sonme of the inhibitors will be
benefi ci al .

Li kewi se, you know, we | ook at retardation factors,
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absorption of radionuclides in the geosphere. There's a |ot
of processes. Sone are good, sone are del eterious.

LATANI SI ON: Thank you.

BULLEN: Ckay, | know Thure has a question and David has
a question, and | haven't asked anybody from the audi ence.

So, let nme ask a couple questions. Thure, do you have a
burni ng question that you can't live wi thout, or do you
really want to know?

CERLING Just a short--

BULLEN: A short question from Thure, and then I'm going
to accept one fromthe audience if it's a really inportant
one.

CERLING So, Roberto Pabalan's Slide 9. GCkay, in this
slide, you show an area where you have these cal cium chloride
brines and they seemto attract a lot of attention. Do you
have a sense of what fraction of pore fluids in the nountain

m ght be represented in that field?

PABALAN: Roberto Pabal an, CNWRA
No, not at this tine. Qur analyses of the
potential chem stry of seepage waters is still ongoing. So,
we don't have any information yet with respect to the

fraction or the probability of the different types of water
types that can enter the drift.
BULLEN: At the risk of asking this question, anyone in

t he audi ence who would |i ke to nake one--Don Shettel, who's
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going to be up next, so you' d better watch what you say.
Don, one quick question, and then we're going to take a
br eak.

SHETTEL: Using this slide here, DOE makes an assunption
that they can lunp all the vadose zone waters together and
thereby statistically, not chemcally though, dilute the
i nportance of the waters that are above the repository |evel,
which | presume would be the calciumchloride waters. So,
why hasn't the NRC concentrated on the nost del eterious
sol uti ons, which would be the cal ci um magnesi um chl ori de
sol utions?

DUNN: W have | ooked at cal ci um and magnesi um chl ori de.

SHETTEL: Yes, but you've also | ooked at all the other
waters that are below the repository, and are really not
i nportant.

DUNN:  Well, are you speaking of corrosion tests?
Because | showed sone dat a- -

SHETTEL: Deliquescence, corrosion, everything.

DUNN: Right. | showed sone data with concentrated

magnesi um chl ori de, both uniformcorrosion rates, and

| ocal i zed corrosion susceptibility. Sone fairly high

t enperatures, | guess--
SHETTEL: They weren't really very concentrated, though.
DUNN: That's 8 nolar chloride. That's pretty

concentr at ed.
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SHETTEL: | think you'll see nore concentrated sol utions
| ater today.

BULLEN: Ckay, we've seen a preview of com ng
attractions. Now, I'mgoing to take another chairman's
prerogative. W're going to have a ten m nute break. Count
them ten. Okay? The trunpets are going to sound at about
20 minutes to 4:00, and I'd like to ask the Team Nevada to
conme up and get set up at their station, so that we're ready
to go, if they would.

(Wher eupon, a brief recess was taken.)
BULLEN: CQur next set of presentations--aren't you up

here next?

STAEHLE: Do we sit up there?
BULLEN: If you would, please.
| need a few Board nenbers. That's correct. Could
| ask a couple Board nenbers to at | east conme and take their
seats, please? Al | can do is ask. | have one. kay. |
have two. Okay.

Well, 1'd like to thank the audience for their
i ndul gence, and also to say that we're going to continue
until we're done. So, we're going to allow another 60
m nutes of presentation time for the teamfromthe State of
Nevada. The first presentation wll be nade by Don Shettel,
and the second presentation by Roger Staehle.

Don, it's all yours.
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SHETTEL: Thank you, Dan. 1'mgoing to tal k about the
evolution of near-field environments, and I'mgoing to
present sonme alternative nodels.

Next slide, please. The State of Nevada has an
excellent inter-disciplinary teamthat works very well
together. This includes chem sts at Catholic University,
engi neers from Dom ni on Engi neering, Roger Staehle, who's
going to talk next. GM has a staff. Maury Mrgenstein is
the project manager, and our fearless funder, Susan Lynch,
supporting us fromthe State of Nevada.

Next slide, please. |1'mgoing to start off with
showi ng sone very qualitative experinents on sonme rocks. W
col |l ected sone sanples fromthe tunnel, ESF, |ast sumer, and
we are in the process of coring these for sonme other work,
but noticed sone interesting things. These were cored under
wat er for about an hour, and as soon as the excess water on
the surface ran off and the surface dried, we noticed that
the fractures are wet here. 1In this sanple, you | ook at the
core, you see sone wetting of the fracture, whereas, the
matrix is dry.

Most people think of water flow at Yucca Mountain,
they think the matrix is going to enbibe or suck up all the
water, and | think these show sonething different. The
fractures, in fact, if there's water available, the fractures

will take the water.
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Next slide, please. W also did sone additiona
experinments, a thin slice of these cores to sone PVC, and
then putting sone water, tens of cc's of water, put alittle
head on this, and tried to determ ne when the water cones
t hrough these sanples. It turns out the water will energe
fromthe fractures in about an hour, or so. The matrix takes
much | onger, days, weeks. Sone of the sanples, the matrix
never even got wet. And, this suggests to us at |east that
the tine steps the DCE is using in their nodeling my be way
too | ong, and especially when you have inportant processes
like flowin fractures.

Now, the reason we're interested in fracture flow,
aside fromthe obvious, is in the next slide. One way the
water is going to reach the engineered barrier systemis
t hrough thermal seepage, and this is going to be primarily
flowin fractures. DOE believes that there is a vaporization
barrier here that keeps the rock dry for a very |long period
of time. They also assune that this occurs at 96 degrees,
which is the boiling point for pure water. They don't
consider that the waters can be concentrated in the rock
above the drifts and, therefore, you get an el evated boiling
poi nt .

When you el evate the boiling point, the
vaporization barrier doesn't nmean so nuch, and you get a

hi gher probability of nore concentrated sol utions reaching
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the drift. And, this is illustrated in a diagram of Hele-
Shaw Cell. Liquid water above, the hot drips down bel ow, you
have gravitational instability here, and you can have
fingering of water through the fractures, even if you
consider this is one fracture, even along the fracture. So,
channel i zation in the fractures.

DCE takes a non-conservative approach, and they
have many papers where they | ook at fingering and flow in
fractures, but it's always with essentially distilled or
dilute water. They don't consider any concentration,
significant concentration of water that mght flow at a
t enperature above the boiling point of pure water.

So, they fail to consider boiling point elevation,
and the wall rocks are going to be above boiling for,
depending on location, for a fairly long period of tine.

In the next slide, we'll see that |I--we believe it
is possible to concentrate solutions to sone extent above the
enpl acement drifts, |ooking at a cross-section of a drift
here with a canister, when the rocks get hot and you get sone
initial boiling, and you can have a refluxing zone. You have
boiling water, steamrises, condenses and cones back down.
You have some input from percolation above. But, it's also
possible to | ose sonme condensate off to the sides, both sides
here, and, therefore, you have the potential to concentrate

wat er above the drifts.
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Looki ng | ong-ways along the drifts, there are at
| east ten designs for waste packages, sone are big, sone are
small. The heat output of these are going to vary dependi ng
on burn-up rate, storage, ventilation, and all those kinds of
factors. DOCE s isothermal boiling line, they would have you
believe that the average for the entire drift is a constant
di stance above the drift. But, in fact, sone waste packages
may be hotter than others, and this so-called boiling
isothermmay vary its distance, and again, you could have
concentration fromalong the drift comng into a thermal | oad
here with the possibility you' ve decreased the distance for
t hermal seepage here on sone of these things.

Next slide, please. One of the mmjor points that
many people may not think about when they think about DOE' s
description of the chem cal divide and everything, is that in
their binning techniques, they classify all the vadose zone
pore waters, they're above the water table, is that they
believe the magnesiumis renoved, and that's why so nuch
attention has been paid to cal ciumchloride brines and
calciumchloride nitrate brines. W believe nagnesiumis
renoved as Sepiolite, which is a changed silicate, and this
assunption began essentially with Garrels and MKenzi e
(phonetic) in 1967, evaporation of |akes and streans in the
Sierra Nevada. Hardy and Oyster (phonetic) continue that

assunption, evaporation of | akes.
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But, if you look at the experinental data, and
waters that are relevant to the repository, which neans UZ
porewaters that involve the repository level, in other words,
t he cal ciumchloride sulfate brines, Catholic has not found
any magnesium silicates experinentally, and we have a | ong
list of ones that they've | ooked for.

Rosenberg, 2001, a much di scussed paper, found only
snectite in an amount they didn't specify, and with sone
powdered tuff added. There is also a |arge tenperature
di fference between these two sets of experinents necessarily,
and Catholic has al so added sone tuff to their experinents.
But, the point is no Sepiolite or essential other nmagnesium
m nerals has really been found in any quantity. W can only
conclude that this really is an artifact of geochem cal
nodeling and it may not occur in real life. On the other
hand, is what you actually get is calcium renoval by

precipitation of calcite, Gypsum and Anhydri de.

Next slide, please? There's been a |lot of talk
about deliquescence. |'mnot going to spend a |lot of tine on
that here, but to say that DOE has taken a non-conservative

approach to start with, considering sinple binary salt pairs.
The Center has shown that m xed salts have a | ower

del i quescence, and what they have really failed to consider
are these ternary systens, and even a quaternary system

cal cium magnesium chloride, nitrate. These m xed salts
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have | ower nutual deliquescence relative humdity. And, this
is a conservative approach that they should have taken,
versus this non-conservative best case scenario, one m ght
say, that has been taken by DOE

And, | have a little diagramhere at 130 degrees,
for cal ciumchloride nagnesium chl oride and water, with
tachyhydrite actually is in the center here.

Next slide, please. Now, to consider the tenperate

of all the waste packages taken from Techni cal Basis Docunent

Nunber 5, we believe that salts can devel op as the
tenperature is increasing towards the thermal peak due to
evaporative and thermal concentration, or thermal seepage, as
DCE likes to call it. But above 160 degrees, the magnesium

chl oride hydrates can be conposed to yield hydrochloric acid
gas, and the renoval of this is the driving force
i nteraction.

As you conme back down, you can get nore therma
concentration. You certainly have boiling point elevation
fromthese concentrated solutions. |If they get concentrated
enough, they are essentially nolten hydrated salts. And, you
al so have deliquescence. Intermttent seepage on here is a
very inmportant factor as far as corrosion goes. Wet/dry
cycling enhances the corrosive effect of the brines.

Next slide, please? And, the nodel, therefore,

t hat we have for possible near-field environment that we
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believe is certainly a possibility, we have the bow ng and
refluxing zone out here. This is kind of a graphic
tenperature scale fromhot to cold here. W have fractures,
i thophysae. W have refluxing here. W can have
concentration of mxtures of porewater and infiltrate and a
percol ating water. Lithophysal cavities can represent spaces
for the boiling and m xing of water. You may get initial
precipitation of carbonates and sulfates out in the refl uxing
zone, thereby giving you a nore concentrated solution that is
capabl e of dripping on the canister. Once it hits the
canister, and if it hits it in the right place, or not even,
it can mgrate and evolve by essentially open system or a
full type of geochem cal nodeling where you | eave

preci pitates behind as the sol uti on noves.

On the hot netal canister, precipitates separate
fromthe solution, and you can end up with a final assenbl age
of hydrous magnesiumnitrates, hydrous magnesi um chl ori des,
and sonme mnerals |ike tachyhydrite, which are not present in
any DCE geochem cal nodeling program

Next slide, please. The previous diagram although
it showed some fractures in the |ithophysae, was a di agram
and if we look at a real picture of the |ower |ithophysal
zone, these are 12 inch boreholes, this one in the ESF, this
one in the ECRB, you can see the lithophysae are fairly

abundant. These are connected by tubular structures which



© 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

238

formearly on when the ash was | aid down and essentially
connect to gas pockets, which are the |ithophysae. So,
there's a lot of possibility to collect and m x sone boiled
water in the |l ower |ithophysal unit, which is where nost of
the repository is going to be.

Next slide, please. W could give a whole day's
| ecture on the chem stry of all this, but I'll try and
summarize this in one slide here. | haven't tal ked about J-
13 water, because that's below the repository and, therefore,
not inportant. But, basically, when you evaporate it, the pH
i ncreases basically by driving off CO2, and at hi gher
tenperatures, you may--and ot her phases, and also drive off

CO2, which increases the pH

W' re | ooking at unsaturated zone porewater above
the repository level. Essentially, you're heating it with
excess calcium and you precipitate calcite. But, we have

been criticized in the past perhaps for using one specific
unsaturated zone water conposition, but really the inportant
thing is that calciumis greater than bicarbonate in this
rati o, and, thereby, you lose all the bicarbonate, and you
| ose a ot of the calcium Magnesi um becones an i nportant
cation, and these other ones that are a | ot nore soluble than
carbonate or sulfate increase.

And, actually, | left a step out here. The acidic

solutions that occur below 160 degrees are the magnesi um
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cal cium magnesiumnitrate hydrates. Above 160 degrees, you
can get this thermal deconposition of nmagnesi um cal ci um and
magnesiumnitrates. And, this is, actually, you see this as
very | ow water conposition, but when it deconposes, it gives
of f essentially an acidic gas.

Now, we're not saying that the environnment that's
possi bl e on the EBS corresponds to boiling nitric acid. But
fromthe manufacturer's manual on C-22, boiling 10 per cent
HCL, they give a corrosion rate of 10 mllinmeters per year.
This particular sanple here is below the surface |evel for
the boiling acid. It has shown sone thinning, uniform
corrosion at a rate of about 2 mllinmeters per year
corrosion.

The sanple with slightly Iess acid, so the part of
the foil strip is exposed above the liquid. You see the acid
vapors very rapidly deconpose that, and we get about a 4 1/2
mllimeter per year corrosion.

Now, | nust repeat, we're not saying that we get
this environnment on the canisters fromconcentrated brines.
However, we have gotten this type of corrosion rate from
concentrat ed evaporat ed unsaturated zone porewater that cones
fromat and above the repository level. The points of this
is that we can get rapid corrosion in the absence of nitrate.

Next slide, please. W' ve tal ked about thernma

concentration of brines and boiling point elevation. W can
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get fingering of concentrated solutions in fractures, thereby
increasing the probability and percentage of thermal seepage
waters that m ght reach the drift on the EBS. W have m xed
salt deliquescence, not so nuch fromthe dust that's on the
cani sters, but fromthe increased anount of thermal seepage
wat er that we believe can reach the EBS. And, if these
evaporated or concentrated solutions can reach the EBS before
t he thermal peak, then they can becone, even after the
t hermal peak, get hydrated salts with thernmal deconposition,
with the evolution of acidic solutions and vapors. And, one
of the nost inportant aspects of this nodel is the wet-dry
cycling or intermttent seepage. |If you get sone seepage on
the canisters, and it evaporates to sonme extent, dries out,
the addition of water to that can generate acid.

And, ny final slide? W believe that the high
tenperature design for the repository is fatally flawed for
t he nunber of reasons that |'ve discussed, and that
enpl acement in the saturated zone would be nuch better
because that's essentially where DOE has tested their netals
at. And, the saturated zone is also the nuch |ess

conplicated in terns of processes and nodeling.

| think that's all | want to say right now. Thank
you.
BULLEN: Thank you, Don. W're going to defer questions
until after both presentations. So, Roger, Roger Staehle,
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you're up next.

STAEHLE: 1'd like to start off soneplace with the
purpose. The central question that we're all considering
here is really the integrity of the container. So, whatever
we' re thinking about has to be directed toward the integrity
of the container, because that's the primary or virtually the
only barrier to release of radioactivity.

Now, when we're thinking about the integrity of the
container, the nost inportant consideration and design is to
define the environnent on the surface of the container.
Because without the definition of the environnment on the
surface of the container, you cannot run corrosion tests on
any netal that are relevant. So, you can take a | arge anount
of the corrosion work that's been done nomnally in support
of this program and get rid of it, and you'd never mss it.

And, the reason is because it's not founded on careful,
t houghtful work having to do with the real chem stry on the
surface.

Now, the real chem stry on the surface of the
container is domnated by the fact that the surface is hot,
and it's that hot surface that is the primary consideration,
not for reaction rate, but for concentration of species.

Now, the source of the environment is going to be
primarily fromthe unsaturated zone, as Don nentioned. So,

the environnent on the surface of the container which is to
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contain the waste then is dom nated by two i nportant ideas.
One is a hot surface, and the second is the chem stry of the
unsat urated zone.

Now, this nmeans also that the chem stry that has to
be dealt with on the surface is a broad range of chem stry.
There is no single chemstry here. Even if we take the water
fromthe unsaturated zone, or the chem stry, we can
concentrate that in many different ways and many different
evolutions, and they will all produce different rates and
nmor phol ogi es of corrosion.

So, the first issue in thinking about the integrity
of the container, which is our main concern, is to think
about what the environnment is on the surface of the
container. Now, that's essentially been the objective of the
Nevada program and |I'mgoing to show you sone results from
measuring corrosion in environnents which are nomnally
representative of what's on the surface, but to say there's
many nore possi ble environnments that need to be consi der ed.

It's for this reason, the multiplicity and
conpl exity, that having an adequate or permanent or defi ned
definition of both the corrosion and the chem stry is a very
difficult, if not inpossible, job. It may, in fact, be
unboundabl e.

|"d like to show you sonme of the work that we've

been doing, and I'mgoing to run through sonme of it, because
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| think some of it's well known. This conpares the 1X
saturated zone water fromJ-13 with the unsaturated water.
You'll see there's sonme significant differences, mainly with
respect to the ones that Don nentioned. You can read that
for yoursel ves.

Next slide? And, we've approached this primarily
by using this corrosion cell, which is a cell that has a cup
here that has pure solution in it, with the bottom having a
concentrated solution that results fromevaporating. This is
a fairly sinple device, but it's directly geared to trying to
under st and what happens on the surface of a--on the hot
surface of a container.

Next slide? And, these are the experinents that

have been conducted to denonstrate that Step 1 is evaporating

t he solution, and that vaporization goes on until a certain
pH is reached, on the order of 1.5, and then the solution,
the deposit that's built up as a result of this evaporation
then is transferred to this configuration to conduct the
corrosion test.

Now, this procedure has all been worked out by Dr.
Pul virenti and Professor Barkatt at Catholic University.
They have done sone really fine work there. It's really
i npressive. So, the specinens |I'mgoing to be tal king about
and the corrosion rates and nor phol ogi es cone fromthis kind

of an experinment where the solution has first been
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concentrated, and then the corrosion experinent is conducted
in an environment that has these deposits, and also is in a
dynami c equilibriumw th the solution in this non-deposit
case.

Next slide? W're also going to talk about a
little bit of work that's been done in a condensed Erl enneyer
System where we put various chemcals in the flask and
nmeasure their corrosion behavior.

Next slide? Now, this corrosion cell that has been
devel oped | think applies pretty directly to the reality of
what's happening on the container. You' ve got heat on the
i nside, heat here. W have on the top, we've got deposit, we
have porewater, or maybe other sources of water that cone
fromthe UZ chem stry. And, so, we're | ooking at the hot
surface either as a paste |like deposit, or as a liquid that
woul d be in sonme kind of deposit on the surface. There are
al so crevices at these support |ocations, which are of sone
interest, but | think this is the primary concern that we're
addressing. So, this is the relationship between the
corrosion cell and the container.

Next slide? The specimens we've been using, and
when | say we, | just want to enphasize this is not my work,
but is Dr. Pulvirenti's, we used a foil, which gives us a
hi gh surface area, a U bend, which gives us stress, a disk

whi ch provides a thicker material, and al so a coupon of the
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same thickness in the soxhlet.

Next slide. Now, in exam ning these specinens that
have been exposed to a variety of environnments, so far, we've
identified three main nodes of corrosion. The first node is
a terrace-| edge-kink dissolution, happens mainly in
hydrochloric acids, and it tells us there's virtually no
passive filmon the surface. And, we'll talk about that in
detail. The second is a continuous |ocalized corrosion with
re-nucl eation. You devel op sone corrosion, maybe like a
basebal I, re-nucl eates, re-nucleates, and re-nucl eates, and
this gives you a way of drilling a hole through the material .

The third type is a, or the third norphology is the
same thing, but initiated at grain boundaries, and you get
t he sane kind of penetration, but dom nated by the grain
boundaries. W' ve actually observed one case of stress
corrosion cracking, but only one, and I"mnot so sure that's
a dom nant pattern in these specinens. But, those are the
four norphol ogi es that have been observed on a set of
speci mrens we've exam ned so far.

Next slide. For those of you unfamliar with this
idea, nmetals with no passive filnms can dissolve in two ways,

either in an astructural way and the netal just dissolves so

rapidly and the over-potential so high, that it just
di ssol ves wthout attention to the structure. |If the
dissolution is a little bit nore orderly, you essentially
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| ose atons by dissolving fromkink sites mgrating onto the
terraces, and desorption is an ion after it |oses el ectrons.
This is the terrace-1edge-kink nodel. It shows you a | ot
about whether a filmis present or not.

Next slide. This is the continuous growmh by re-
nucl eation. It can be non-structural. It does not depend on
boundaries or just dissolves the material. And, it is an
initial event, it re-nucleates at the bottom then continues
its growh by re-nucleation, and seens not to stifle itself.

Next slide. The third variation of that thene is
for this re-nucleation process to be dom nated by grain
boundari es.

Next slide. Now, the environments that we're
tal king about in these corrosion cell, there's a paste at the
bottom It's very difficult to anal yze because it's
hydroscopic. It's very heterogeneous. It is continuously
wetted by the dunp of water or dunp of solution fromthe
soxhlet. X-ray signals show this dom nated by sodi um
chloride and calciumsulfate. But these appear not to be
dom nating of the corrosion process. It appears that what's
dom nating the corrosion process is essentially an
interstitial fluid of nitric acid and hydrochl oric acid.

The wet paste with the cal ciumsul fate and sodi um
chloride, together with the two acids, gives a pH of about

2.3. Wthout the liquid, the pHis about 8. There is also a
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liquid at the bottom of some of the flasks. This boils at
about 145 to 150 degrees Centigrade, and, therefore, it's
obvious that it's a mxture at |east of concentrated acids.
The pH of this fluid is on the order of pH 0, possibly |ess.

In the soxhlet, the specinmens are totally energed, and the
tenperature is near about 75 degrees Centigrade. There is
some cycling.

Next slide. Now, to give you a sense of first
nor phol ogy, the re-nucleation, this is an experinment fromthe
corrosion cell with the foil, 150 Centigrade, and that's just
the boiling tenperature of the solution. Less than a five
day test. The corrosion rate was greater than 3.7
mllimeters per year. That's not mcrons, that's mllinmeters
per year relative to a 20 mllimeter wall thickness. It
conmes out to about a six year lifetinme. And, you can see
that it's astructural. It just sinply goes right across the
grains and twi n boundari es.

Next slide. And these are various features here
showi ng variations on the sane thene. You can see that this
re-nucl eation doesn't seemto be gravitational. It noves in
various directions.

Next slide. And, here's a picture of a broader
speci men showi ng the penetration and the nature of the growth
of these re-nucl eated sites.

Next slide. And, still the same thing. Just,
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again, nore of this re-nucleation. You can see that it |ooks
like it's doing this internally, honogeneously, if you will,
but obviously, it cones from sone other sources.

Next slide. This is one stress corrosion event we
saw. |I'mnot so sure that that's the general case, but I'm
just reporting it as an observation. These foils are stress
foils, that is, they're whol e work.

Next slide. This is now the disk in the bottom of
the corrosion cell. This was run for six nonths, but the
corrosion rate was about the sanme, that is, the corrosion

rate in six nonths, or over six nonths, was about the sane as
the corrosion rate for the foils for five days. So, it gives
you sone sense over this relatively short tine admttedly
that the corrosion rate doesn't slow down very nuch

Next slide. This is just nore of this same thing.

This is a disk, the sanme di sk, showing the | ocal events as
t hey nove the frontier back. Same kind of process of re-
nucl eati ng events, pushing the corrosion forward.

Next slide. Same thing here, except this is now
inportantly no |longer at the bottom but it's in the soxhlet
is fully emerged. There is no water |line, and the corrosion
rate here is 5 1/2 ms per year. That's 75 Centigrade, think
about that, 75 Centigrade, 5 1/2 m s per year, no crevice.

Next slide. This is nore of the sane thing, just

showi ng you that the node here, the norphology, is this re-
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nucl eati on node.

Next slide. Sane thing, except on the U bend, no
stress corrosion cracking, six nonths, 145 Centigrade, 2.1
mllimeters per year of this specinmen, and |'ve corrected for
the fact that the corrosion only cones fromone side. Both
sides corrode, and those of you who think about these things,
know that, well, wait a mnute, Roger, you forgot, you didn't
divide by two, but | did, just so you know | was sort of on
ny toes.

Next slide. Now, let's see, this shows you general
pi ctures of how these things propagate locally. This is al

this re-nucleation norphology. This is a six nonth test, the
sanme as the previous one.

Next slide. Now, turning to a different
environment. We've so far just been discussing the paste
environment, the soxhlet and equilibriumwth the paste, and
sone different thicknesses of specinmens. Now, one of the
things that's becone obvious to us is that we're not talking
about a single environment. W' re talking about many
environnments. So, we're broadening the chem stries that
we' re exam ning, because it's pretty clear that there are a
variety of chem stries in these deposits. So, we're
exploring, for exanple, ferric chloride. W're exploring
HCL, and we will explore nore different kinds of

environnents, because it's clear that there is a broad set of
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environments which are aggressive in this canister type
heat ed surface.

So, this is ferric chloride. 1t has the sane
pattern, the re-nucleation process. This was for an
experinment that was six days, corrosion rate greater than 1.6
mllinmeters per year.

Next slide. Now, this is the sanme experinment now
| ooking at it in some detail, and I'mnot so sure whether
this was general or localized, but it's generally |ocalized.

That may work for sonme of you. But, the point is this is
very aggressive, and re-nucleates and re-nucl eates and re-
nucl eates. This is a very aggressive, non-stifling corrosion
pr ocess.

Next slide. And, this is the sanme environnent, the
sanme conditions, is acconpanied by this node of grain
boundary penetration. These are preferentially nucleating
and propagating corrosion processes of grain boundaries. So,
it appears that there is both a structural response and an
astructural response to how the corrosion propagates. |It's
not clear to me what the relative inportance of the two is.
It's clear that the whole corrosion in the ferric chloride is
gui t e aggressive.

You all know this I'"msure, it's oxidizing, the
ferrous, ferric couples about .7 volts at roomtenperature,

whereas the nitrate, nitrite equilibriumis about 1.1 volts,
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or so. So, these are sonmewhat simlar in their oxidizing
capabilities of the nitrates.

Next slide. Ferric chloride again. This is
anot her grain boundary thing. |'ve already shown you that.

Next slide. This is a different kind of geonetry,
where the process is essentially taken off and drilled hol es
inthe foil, and you'll have to admt that this is al nost
like a perfect circle, not quite. | don't know what we call
this kind of corrosion, but there's no question it's
aggressive. And, there's no question that it has sonme reason
of persinetry in this, which may be just sinply a variation
of these holes getting bigger, but it's not clear quite how
that works. But, it's very clear that it's certainly

aggressive, and non-stifling.

Next slide. This sinply shows the sane thing.
These hol es having eaten out various parts of the foil. This
is all greater than 1.6 mllinmeters per year, experinment ran
for six days. That's six days after the water hits it. It
doesn't take | ong.

Next slide. Now, turning to a different
environnent, this is the third environnent, this is

hydrochloric acid. Again, this is just one of the conponents

of the environments. This is a foil in the bottomof the
Erl enneyer, and it was bent foil, so it would stand straight
up. And, | want to point out sonething here. This is the
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top of the foil, and this is the bottomof the foil. This is
bel ow the solution interface. This is above the solution
interface. Here is the interface between the saturated vapor
and the liquid. There's no waterline effect here, contrary
to the idea of the crevice effect.

But, what does happen is that the accel erated
corrosion is not occurring in the fluid, it's occurring in
t he regi on above the fluid. That's tells us sonething el se
about what's possible. Now, again, this needs exploring, but
this region here is not in the solution, but is above the
sol uti on.

Next slide. Now, |let me show you how this
di ssol ves. The previous dissolution | spoke about was this
structural /astructural nucleation and re-nucleation. This is
the terrace-| edge-kink process. You can see very clearly
here that this is the upper surface now, you can see very
clearly this is a terrace, these are | edges, and the
di ssolution is occurring by a clearly terrace-| edge-Kkink
pr ocess.

Next slide. This is the bottom and the rate is
about half the rate on the top, still significant, but maybe
only 2 mllinmeters a year. But, again, the sane dissolution
behavior, a very clearly terrace-|edge-kink. These are
al nost classic. This is textbook stuff. But, this is howit

di ssolves. It also tells you that this alloy is not
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passivating. This is virtually an uncovered, unpassivated
material dissolving like this.

Next slide. This is just aesthetics. After you
| ook at sonmething like this, you can't--but you have to give
yourself a while to look at it before you go onto sonethi ng
el se.

Next slide. And, this is a fully enersed specinen,
where the fluid was covering the foil, and the get the sane
result, but it corrodes at the rate of the foil beneath the
waterline that | showed previously. Again, a terrace-| edge-
ki nk di ssol uti on.

Next slide. Now, about the norphol ogy then of
corrosion, the corrosion observed in these SEM exam nes,

t hese are different norphol ogies, even within a single

nor phol ogy, i.e. like the ferric chloride versus the
concentrated UZ tap water. The different norphol ogi es seem
to result fromvarious effects of absorbed ions on the
velocity of recession. The mx of anions in solutions should
be expected to exert different influences on the shapes.

"1l give you an exanple of this fromthe work of Bil

Cullen, who is now at the NRC. And, so, for a given overal
corrosion, you may get quite different norphol ogies and quite
different |ocal penetration rates.

Let nme show you the next slide. Now, these are

data from Al oy 600 and 690, at a sonewhat hi gher
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tenperature. This work, | think, was done at 315 Centi grade.
These are general corrosion rates. In the nuclear business,
t hey call general corrosion wastage. | never understood
t hat, but they have sone peculiar views. But, anyway, this
is general corrosion versus pHfor a solution that's a 1
nmol ar solution. This is all sulfate, and this is al
chloride. Now, what's the inhibitive ion here? The
inhibitive ion is chloride. 1It's not sulfate. And, that
tells you this concept of which ion is slowng things down is
not a general concept, but is a local specific concept having
to do with other factors than an inherent property of the
i on.

So, what this tells you is that the chloride
solution, 100 per cent chloride, reduces the corrosion rate,
t he general corrosion rate, about a factor of 100 over the
range of pH 1 to 7. Let's look at this now again in work
from Was, University of M chigan

Next slide, please. Wis has studied the acuity of
the aspect ratio depth to width of pits, versus the chloride/
sulfate ratio, with the idea being that the chloride wll
give you an inhibited lateral dissolution, and what that does
IS as you increase the anmount of the inhibiting ion, this is
obvi ously probably affecting the terrace velocity, you nost
froma relatively wider pit to a narrow pit, and possibly to

cracking. This again was a higher tenperature, but the
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concept is the sanme. Depending on the m x of ions, you get

di fferent norphologies. And, that's what we're seeing in the
previous slide. You go froma totally terrace-I|edge-kink to
a re-nucl eating set of baseballs.

Next slide. Now, in sumary then, the nodes and
rates of corrosion for the foil at 150 centigrade, greater
than 3.7 mllinmeter per year; for the foil disk at 145
centigrade, about 1.9 mllineters per year; for the soxhlet,
whi ch has no paste, above the solution, and no crevice, the
corrosion rate was 5.5 mllinmeters. Just imagine there's two
ms there. This is a high corrosion rate, but it's not
nmeters. GCkay. Forgive the m stake there.

And, this is the U-bend again, 2.1 mllinmeters per
year; the stress corrosion crack, which | say is not the
general case, but | think you never know today's single
observation may becone a dom nating thing later. The
hydrochloric acid was clearly a terrace-| edge-kink process at
2to 6 mllinmeters per year. The saturated ferric chloride
gave us several different geonetries, these circles and the
very local attack, and the grain boundary attack. So, this is

kind of where we are at the nonent on norphol ogi es.

Next slide, please. Now, there's some warnings
here. One of the things I'm concerned about, 1've |ived
t hrough the nucl ear power from 1957, and | know sonet hi ng

about warnings, and | watched every experinment that was ever
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done on corrosion come true, even though the old gray heads
in the beginning through, well, that will never happen. It
di d happen, and |I could cite you chapter and verse if | could
have until m dni ght.

But, the point is virtually every major corrosion
finding and the alloys used in nuclear power, mainly with
respect to steam generators, cane true, and despite the fact
that people said well, this isn't going to happen, this isn't
going to happen. So, |I'msaying this because | think there
are warnings, they're already here, that we're not paying
attention to.

Now what are they? So, there are warnings clearly
that the corrosion of C22 is inevitable and it's rapid.

This idea that CG-22 is a corrosion resistant material is just

wong. It may be corrosion resistant in a given environnment.
It's not corrosion resistant on the surface of a container
with a concentrating environnent. Fromunsaturated zone

materials, it is not corrosion resistant.

A good paradi gmcan be found with Alloy 600. Alloy
600 has broadly failed, and this could easily have been
prevented. Every node of failure that was observed, there
was a warning out there fromreputabl e people doing good
wor K.

Now, there are abundant warni ngs about the C 22,

and sonme of these warnings are founded on data which is 15
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years old. There's al so abundant evi dence that the Yucca
Mountain site itself is not adequate. And, this conmes from
nmy geol ogi cal col |l eagues.

The anal ogi es of warning fromthe present nuclear
i ndustry are abundant and apply directly to whether or not
the present design at Yucca Muuntain is adequate. And, the
answer is it is not.

Now, sone of the warnings from experience of the
wat er cool ed reactor industry apply directly to the design
and devel opnent Yucca Mountain. These should be carefully
assessed, especially as they apply to heated surfaces.

Now, finally, the incapacity to inspect the Yucca
Mount ai n contai ners requires assurances of reliable
performance that are at a higher level than was ever used in
nucl ear power which inspects regularly every about two years.

Next slide. So, let me show you an exanple of a
war ni ng. These are data from 1960, actually '59, through
1985, looking at a formof |ocalized corrosion of high nickel
alloys in pure water, so-called | ow potential cracking. The
industry calls this primary water stress corrosion cracking,
but that's another dunb idea. So, the |aboratory experience
is Andre Coriou in France at CEA, identified in 1959, the
occurrence of cracking of high nickel alloys in pure water.

The first failure in a plant occurred in 1965 at

Agesta, in 1972 at Qorigheim and then starting about 1978, a
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whol e series of failures occurred. That's got to tell you
sonething; that this experinment on this material in that

envi ronment shoul d have told everybody that sonething was
going to happen that did. Coriou was vindicated numnerous
times, and there were ultimtely many | aboratory experinents
t hat vindicated Coriou. So, this is an exanple of a warning.

Now, |et nme show you an exanple of a result.

Next slide, please. Sonme of you, | don't know how
many of you in this room know about the so-call ed Davi s-Besse
problem This is not a song and dance team This is a nane
of a reactor in Northern Chio, where the top of the vessel
corroded conpl etely through between inspections, and probably
before that. Wy did that happen? Well, first of all, there
was a weld here at the control rod drive housing, and this
wel d created | ocal stresses, which produced sufficient
Sstresses to cause stress corrosion cracking here. And, the
velocity of the stress corrosion cracking was about to
penetrate four-tenths of an inch in about 20 years. That was
based on exi sting data.

Then, when this perforated, the water cane through,
and in the water of a primary system there is boric acid,
and the boric acid in the nuclear plant is 1000 ppm 2000
ppm but when it evaporates, it's concentrated. And, when
it's concentrated, it is very corrosive. And, so, the rate

of corrosion here fromthis borated water was about three
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i nches per year.

Now, why did this happen? There was a | ot of
di scussion here, and I'"'mnot going to debate all this, but
the point | wanted to nmake froma purely technical point of
viewis the rate of corrosion in carbon steel at that pH was
already well known in 1946 from work by Pourbai x, who showed
that the corrosion rate of steel at roomtenperature at that
pH woul d go at that rate. That's a warning. And, this is
what happened. This could easily have bl own up.

Fortunately, the stainless steel clad held, and it didn't
bl ow up, and the Davi s-Besse people found this, and of course
have fixed it.

But, the point I wanted to nmake here is that you
see the data fromthe stress corrosion cracking of the high
ni ckel alloy was known in 1959, and here was a result that
occurred in 2002, which could easily have had a di sastrous
inplication, even with inspection, incidentally, and sonehow,
nobody got the point.

And, ny concern is we are in the same situation
today. W ought to learn sonething fromthese kinds of
experiences about warnings and inevitabilities.

Next slide. So, the "knowns" about corrosion of C
22, the deposits which are reasonably expected can produce
corrosive environnments. Relatively sinple experinments can

nodel reasonably expected conditions. However, the inherent
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conpl exities prevent precise nodeling. You ve got to bound
these things if you can.

A range of chem stries fromconcentrating the pore
wat er can be expected, including nitric acid, hydrochloric,
hydrofluoric, and others. The corrosion produced by these
environments can proceed at rates of 1 to 6 mllineters per
years conpared to a 20 mllineter thick G22 wall. That
| ooks to ne |ike about three years of lifetine at worst case.

And, then, of course, you've got to go through a backup, but
that's not a big challenge.

The tenperatures over which these high corrosion
rates can occur, as we just saw, are in the range of 70 to
150 degrees centigrade. That's a pretty broad range. |It's
| ow tenperature. And, you know, the activation energy for
nost of these kinds of reactions is in the range of 5 to 10
kil ocalories. Wat that tells you operationally is there's
not a big difference in rates inherently from70 to 150
centigrade, there's a difference. The big difference of the
tenperature is with respect to concentration and not with
respect to reaction rate.

There is no evidence fromthe work we've done so
far that the corrosion is self-stifling. The corrosion that
we observed proceeds without stress. This is not a stress
corrosion cracking problem This is a pure dissolution

corrosion problem And, accelerated corrosion is observed in
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the paste, in the liquid layer, in the saturated vapor, and
inthe liquid formed fromrefluxing, a whole range of
envi ronnent s.

Next slide, please. So, what are the facts that
are relevant to this corrosion-related integrity of the
container. First of all, there is water in the unsaturated
zone on the order of 80 liters per cubic neter. The rock is
extensively fractured, which is a preferred pathway. The
surface tenperatures, depending on the deposit and how rnuch
of the circunference is covered, will be in the range of 90
to 250 centi grade.

The porewater is concentrated with acidic solutions
on hot surfaces. There wll be increasingly thick and
increasingly circunferential deposits. The UZ porewater
produces aci di c species when concentrated. W' ve
denonstrated that at Catholic University. So, we can obtain
this array of non-stifled corrosion of nmultiple nodes w thout
stress, with rates 1 to 6 mllinmeters per year conpared to
the--and non-stifling rates, these rates conpared with the C
22 rate.

The porous rock is a mnimal barrier to rel ease of
radi oactivity, no matter how you cut it. And, the saturated
zone, which has been studied extensively, produces al kaline
speci es when concentrated by heat, but this work is al

irrelevant to the integrity of the vessel.
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Next slide. There are certain "inevitabilities”
about this corrosion. C-22 sustains rapid corrosion in
environments that can be reasonably expected to devel op on
heated surfaces. A significant anmount of water is present in
t he unsaturated zone. The porewater contains chem cal that
produce acidic environnments. Don nentioned that.

The extensively fractured rock above the containers
provi des easy access of porewater. The continued formation
of deposits on containers wll increase surface tenperatures
and accel erate concentration, as wel| as sequestering
corrosive chemcals. Stress is not necessary for rapid
penetration. Oher alloys beneath the C 22, |ike stainless
and zircaloy, are unlikely to provide significant barriers.

Penetrating the G22 will be the slow step. And, the | ack of
capacity to inspect containers over tine exacerbates the
seriousness of the present state of inevitability.

Next slide. Now, ny primary conclusions then are
the following. There are now anple and conpelling evidence
that the container of the present design in the present
| ocation and the present materials will not work. Further,

t he "band-ai ds" that have been used cannot reliably provide a
signi ficant assurance of satisfactory performance.

Second, penetration of the corrosive chem cals that
can reasonably be expected to accunul ate on the surface could

perforate to the fuel as early as ten years, and is
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especially accelerated during the thermal pulse. W're not
t al ki ng about 10,000 years. W're only tal king about tens of
years, or |ess.

There are no reliable barriers that have been
identified to prevent the release of radioactivity to the
at nosphere through the porous saturated zone.

Wiile the possibility of such a failure is clear,
t he detail ed avenues and rates for such failures cannot be
readi |y bounded. Thinking about bounding this, |I'mrem nded
of the fact that sonme of ny best friends have worked 40 years

to figure out what the predicted corrosion rate in steam
generators, with a well defined water environnent, in a well
defined geonetry, and well|l defined netals, and nobody can
still make a prediction. And, if we think we can bound and
predict sinply the conditions on the surface of these
containers, which is virtually an unbounded chemni ca
situation, | think we need to have some revision of our

t hi nking process. | said that politely.

The principal factors that are critical to | ack of
integrity have been known for long tines: The inportance of
hot surfaces was first identified in the late 1980s. This
was for these vessels. The porosity of the saturated zone
was known at the sane tine. And, the fact that G 22 could
not sustain concentrated acids has been known for at | east

ten years.
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Clear warnings that failures of the containers are
i nevitable are already avail able. However, quantifying these
warnings is difficult in view of the conplexity. This is a
very conpl ex problemto nodel and predict, except to bound
it, and I'mnot so sure about the boundi ng.

Now, | have two itens of summary here in the next
slide. M version of what this design |looks |like is a patch
on patch, that ventilating, dry nountain, drip shield, |ower
resi dual stresses, corrosion resistant alloy, nine barriers,
rock bolts. You know, this is all patches. There's nothing
fundamental ly high integrity about the present design.

Next slide. And, here we are sitting in the mddle
of all these possibilities, and | guess the question is what?

Me worry?

Ckay, Dan, |'m done.

BULLEN. [1'd like to thank both Don and Roger for
actually getting us closer to being on schedul e, although
think ny little clock is going to go off any second now. |
woul d i ke to take questions fromthe Board first, and then
t he audi ence, and David will get one this tinme, | prom se.

Dr. Cerling?

CERLING I'Il just start with the first question
asked the | ast speaker, which was--1'"m Thure Cerling. First
of all, how representative are the fluids that you chose as

unsaturated fluid. And, then, follow ng on to make sure that
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11 can ask the question | really wanted to ask, how

2 representative is this to evaporate, this water, in the

3 absence of silicates, when we know that acid netasomatism

4 often neutralizes solution?

5 SHETTEL: Don Shettel for the State of Nevada.

6 Sonme of these experinments were conducted in the

7 presence of silicates, powdered tuff. They did not show, as
81 recall, fromthe Catholic University people, and Abe can

9 correct ne if I'mwong, but we did not see any significant

10 effects of the silicates. And, that may be because in these
11 concentrated solutions, there's just not enough water

12 avail able, and the solubility of the silicates in such

13 concentrated solutions may be really small. So, apparently
14 there was no effect.

15 STAEHLE: There's anot her possi bl e thought about your
16 question, which is | think the idea of having a quote

17 "representative solution” is probably not a useful idea.

18 think what you need to think about is at |east a uniform set
19 of solutions, where that set is probably sonepl ace between 10
20 and 30, that we have a nuch nore conpl ex chem cal situation
21 here than | think we're prepared to admt, and certainly we
22 need soneplace to start, which we should have started ten

23 years ago or fifteen years ago.

24 CERLING One of ny points is that as | go through the

25 literature and | ook at all of the now hundreds of unsaturated
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zone chem stries that have been produced, this particul ar one
is actually pretty uncommon, and many of them are much nore
like the J-13 water.

SHETTEL: Well, | believe if you consider the |ocation
of those sanples, the ones that are |ike J-13 are bel ow the
repository level. The ones that we are playing with and
evaporating are essentially all at or above the repository
level. So, in terns of spatial |ocation, we're dealing with
the right solutions and, therefore, by anal ogy, that neans
DCE is not dealing with the right solutions in their tests,
sub-boi ling, subnmersed tests, which are done in essentially
J-13, which is groundwater.

BULLEN: O her questions fromthe Board? Dr.

Lat ani si on?

LATANI SI ON:  Lat ani si on, Board.
| think the operative issue, and |'m addressing
this to Don Shettel, is the evolution of environments that
are reasonably expected. And, that's what Thure was

addressing. But, you show that only in one slide the basis

for the chem stry that these tests were performed in. 1'd
like alittle elaboration on that. Can you walk ne a little
nore slowy through the evolution of these very, very

aggressi ve environnments?
SHETTEL: Okay. Well, first of all, | don't think we're

dealing with just one chem stry here. There's a range of
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chem stries that you could conjure up, and the main
characteristic of this is that calciumto bicarbonate ratio
is greater than that ratio | showed 1 to 2, just a nolar
ratio. That essentially drops out the bicarbonate and all ows
magnesi umto concentrate relative to cal ci um

LATANI SION: | don't know what nunber it would be. 12.

Okay, Don, I'msorry.

SHETTEL: That's a very summari zed slide. The
unsaturated zone waters |I'mtal king about are at and above
the repository level. The ones below are essentially |ike J-
13. But, above, you get calciumgreater than bicarbonate.
Therefore, you' re dropping out calcite. Sulfate is
additionally renoved as precipitation of gypsum or anhydri de,
and that allows the magnesium chlorides and nitrates to
concentrate.

LATANI SION:  Well, let me ask this differently. 1Is
there an exposition on this question on the evolution of the
chem stry you can provi de ne?

SHETTEL: Yes, the talk essentially | gave a year ago
January, where | first showed that you have this division in
the water chem stry between porewaters that are above the

repository and those that are bel ow the repository.

LATANISION: | just don't renenber the detail. What you
comment on is that the detail is in that tal k?
SHETTEL: Yes, | provide a |lot of the data on that
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di agram and show that you basically, |I'mnot saying that the
fields don't overlap, but perched water and groundwater are
essentially the same. And, as you get closer to the water
tabl e, you becone nore J-13 |ike. Above the repository, you
get nore of the calcium chloride, sulfate type of water

LATANISION:  1'Il buy that. But, |I'm/looking for the
concentration process on the chem stry, that |eads to the
concentration into the acids that you are testing.

SHETTEL: Well, the concentration process involves an
open systemtype, where you essentially renove the
precipitates, a flow through type systemfor those
geochem cal nodelers. But, you' re essentially renmoving the
preci pitates as you evaporate, and, so, you don't have early
m neral s avail able that m ght neutralize.

BULLEN: We're back. Thank you. Don, I'msorry to
interrupt. Go ahead.

SHETTEL: Ckay. So, you have open system evaporati on,
where the mneral precipitates are renoved essentially as
they form You get to these acidic concentrates. |If you did
all this in a beaker where you could keep all the mnerals
that precipitated in an equilibriumw th the solution all the
way al ong the process, you wouldn't get this. But, since we
have a very hot repository and hot netal surfaces, we're
going to have hot rocks above that, and in addition, a

thermal gradient, | think there's a large possibility that
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you can achieve this kind of essentially fractional
crystallization type process as you go along. As the water
per col ates down, you lose the |less soluble mnerals, until
you get down to the nost concentrated waters, which
precipitate out the | ease sol uble phases, which are the
magnesi um chl ori de hydrates, and the magnesi umnitrates,
nitrate hydrates.
LATANI SI ON: Lat ani si on, Board.
My point is sinply the photographs that Roger

showed are obviously pretty dramatic photographs, and the

operative is can you denonstrate that this is, | think the
| anguage that was used is reasonably expected environnent,
and | guess I'mgoing to reserve judgnment on that until

| ook at, once again, at the text of your presentation for
January.

SHETTEL: One of the keys to this is pre-concentrating
the water in the rocks above the drift. DCE doesn't admt to

this. They don't think it's going to happen. They |ike
their vaporization better to stay at 96 degrees. | don't
think that's the nbost conservative assunption you can nake.
In fact, that may be the nost optim stic, non-conservative
assunption that you could nmake. You're going to have boiling
above the repository for, depending on location in the
repository, tens to hundreds of years, and | think there's

anpl e opportunity there to pre-concentrate these solutions
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before they penetrate through and drip on the EBS. Once they
reach the hot netal surfaces, they can further concentrate to
devel op the type of acidic solutions that Roger showed the
corrosive results for

BULLEN: Thure Cerling, then David D odato, and then
"1l take a question, and I'Il ask if the audi ence has any.

CERLING | think it's a very inportant point, your
nodel for this evaporative concentration, and that's one of
the things where I'mconcerned, is that this water that
you're using is evaporated in the absence of al um no
silicates, such as tuff, and if it's going to be evaporating
up in the zone above the repository, then presumably, the
opportunity for water/rock interaction, which could
neutralize the acidic.

SHETTEL: Except that you're dealing with a ot of this
can occur in the fractures, which may or may not be coded, so
that the surface area for interaction with alumno silicates
is much reduced, conpared to if you're just doing this in a
very porous matrix rock, which it isn't.

CERLING Right, but above ny point would be that there
woul d still be far nore silicate available than what's done
in a beaker where you're not allow ng--

SHETTEL: These experinents have been done with and
wi thout silicate, and the silica precipitates out fairly

early, actually. So, you reach saturation with silica fairly
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early in the evaporative process.
BULLEN: Maury, do you want to say a brief comment,
pl ease?
MORGENSTEI N Just for clarification.
BULLEN: Identify yourself, please, Maury.
MORGENSTEIN:  Maury Morgenstein, GM.

If you're above the drift in the rock fractures and
you' re pre-concentrating, what you do is you drop out sodium
chl oride and you drop out gypsum calciumsulfate, and any
reactions that m ght take place in your aqueous phase, even
if you neutralize that down to zero, 7 pH or even 8§,
woul dn't make nmuch difference, because as you drip that
liquid back into the repository, you will start to
concentrate at chloride nitrate phases. And, it's the pH of
that liquid as it evaporates on a netal surface that actually
counts.

So, in the presence of tuff dust on that surface,
what we see happening is just residual sulfates and
carbonates and chlorides that are left usually cover up dust
and renove it fromreaction. |If you didn't renove it from
reacti on, your observations are probably correct.

SHETTEL: Well, another point then, this is Don Shettel,
another point to nmake is that if you | ook at some of the
evaporation curves from Catholic University, the pH does not

get very acidic, and, so, you're down to about the last 5 per
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cent of the solution. So, if that evaporation occurs on the
canister, that's where you're going to get the very acidic
conditions, not up in the rock. W're just |ooking at the
rock to pre-concentrate the porewater.

BULLEN: David D odato has been very patient. One quick
guesti on.

Dl ODATO Diodato, Staff.

My questions all relate to water/rock interaction.
BULLEN:. Ckay, 1'lIl ask if there are any questions from

t he audi ence before we proceed. Ckay, Bo was first, and then

Davi d.
BODVARSSON: Bo Bodvarsson, Law ence Berkel ey Lab.
Just a quick comrent regarding this concentration
of the water above the drifts, and we're going to be tal king

a lot about this tonmorrow, so I'll make it very brief.
The concentrations will actually be diluted and not
concentrated, for the follow ng reason. Wen you boil off

the water due to heat, it condenses above the drifts, a |ot
of it sheds off, and there is rock/water interaction, so you
have nore and nore of condensate, with very little new
chemcals in it, because the water doesn't have tinme to pick
up a lot of mnerals fromthe rock, because the perneability
of the fractures is so high that nost of it will shed and not
concentrate. So, | think that's one problemin this, and |

think Carl Steefel will explain this alittle bit nore
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t onor r ow.

SHETTEL: Don Shettel. 1'd like to respond to that.

BULLEN: Go ahead.

SHETTEL: That's been DOE' s standard argunent for saying
t hat water does not concentrate above the drift. But, in
fact, if some of the condensate is |ost over the side over
time, | believe you could concentrate it, and | don't see
that you can say for sure, since you' ve said |ast year with
the billions of fractures, that you don't know which ones
carry water, and condensate is water, therefore, you can't

predict I think with any degree of certainty how nuch of the
condensate is going to escape over the side of the drifts,
and whether or not that anount is nore or |ess than the
amount of percolation that's com ng down.

BULLEN:. David Shoesmth?

SHOESM TH:  David Shoesmth, Bechtel, consultant to
Bechtel, rather.

Roger, | wanted to ask you what you thought the

significance of the second re-nucleation process was. Let's
use the sense of intermttence in the process, in that it

starts, it doesn't want to go, it starts again.

STAEHLE: Well, | don't know that the answer |I'd give
you was any better than anything el se where you all inmagine,
but what's obvious is that it slows down laterally and stops,

but it continue to nucleate at the bottom
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SHOESM TH: So, this is a material that would stop

STAEHLE: Pardon?

SHOESM TH: This is a material that can stop.

STAEHLE: Well, it obviously fromthe experinents, it
just continues to propagate lateral--1"msorry.

SHOESM TH: That is ny point.

STAEHLE: Yes.

SHCESM TH: My point is that it has to keep--this is
i ke the inverse of crystal nucleation and growth. |If you
could nucleate many tinmes, but you won't growif it will not
grow, and, therefore, you keep on nucleating. W've seen
this norphology a few other tinmes. D ck MDonald has done
this at plus one volt to try and drive the pit, and he sees
those little scallop pits, which are all dying, and when you
anal yze themin that situation, one volt is very, very
aggressive electrochemcally. They will not grow

And, | think if nmy nenory serves ne correctly, you

see the sane norphol ogy inside the electrochemcally driven
crevices in sone of the Alloy 22 specinens at Law ence
Li vernore, and that you often see that, geonetry suggesting
that this is an alloy that unless you overload it
el ectrochemcally, or with acidity, would in fact stop
pr opagat i ng.

STAEHLE: Well, | think we know that C 22 is corrosion

resistant in many applications. | saw an argunent here.
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SHCESM TH:  This is an active condition. This is an
active situation where it's trying its best to repassivate.
It's either being overloaded el ectrochemcally, or it's being
over|l oaded by acidity.

STAEHLE: Well, it's--1 don't know whether it's being
overloaded. It's responding to the environnent that's there.
SHCESM TH:  But, it does have the capacity to stop

pr opagati ng.

STAEHLE: And, it could be worse. | nean, we're at sone

ki nd of a boundary in here where it's clear that it doesn't

stop and it continues to re-nucleate.

SHOESM TH:  Well, ny issue here is not whether or not
this is the correct environnent to test it in. It is that we
have an alloy which is showing all the features that you

woul d expect for material that you can force it to start, but
it really does not want to propagate, except under extrenely
severe conditions. That's ny only point.

STAEHLE: Well, | guess this is sort of a qualitative
argunent then.

SHOESM TH: That's still a point, though.

STAEHLE: It sounds |ike a good point.

BULLEN: M ck Apted, do you want to take the | ast
qguestions fromthe audi ence, please?

APTED: M ck Apted, consultant to EPRI

These two presentations side by side | think form
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an inportant |ink between the chem stry on this group and the
corrosion results you present. And, | think | really like
this idea that Don has put up. |It's very hot, he says 100
years were above boiling into the rock, we get a dry-out

zone, and this broad band condensati on zone.

My problemis when | cone over to this set of
apparatus, which is claimng to sort of simulate | think this
situation, we certainly see the boiling here, the surface of
the canister, and then | guess sonme sort of refluxing
condition of solution, which is al so maybe sone |ater cooler
part of the canister history.

But, this condenser here, it would seemto nme if
this condenser were actually tuff, you m ght have had sone
experinments in which the subsequent corrosion results m ght
have been neaningful. But, with sinply just condensing the
fluid phase here, you've really dropping out this very
i mportant potential set of reactions, and | think if we go
back to Bobby Pabal an's presentation, we see that certainly
in their nodeling and their understanding of the system that
instead of a very broad range of chem stry you keep insisting
on, Roger, that the type of chem stry that devel ops here and
conmes back in is actually rather restricted, and we don't get
this sort of unbounded type of water. W actually find a
very strongly buffered type of environnent.

STAEHLE: | think that debating that at the nonent is
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not worth it. It's an interesting comment, but--
SHETTEL: Don Shettel. | have a few comrents on that.
First of all, this nodel here is DOE s nodel.
just took it as it is. | don't believe that the so-called

vapori zation barrier is fixed at 96 degrees, and as far as
this condenser, that could be the titaniumdrip shield. So,
you're not going to get a lot of buffering, as you think it
m ght be condensing on the rock surfaces, or sonething. |If
it's condensing on the drip shield, you re not necessarily

going to get any buffering.

BULLEN: Bullen, Board. | reserved the |ast question
for nyself.
Could we go to Don's Slide 9? 1've got to have an
equal opportunity question for every presenter here. So, we

see this really aggressive environnment above 96 degrees C.
| s the environment any | ess aggressive below 96 degrees C. if

you never go there?

SHETTEL: Well, thank you for asking that question. Don
Shettel.

BULLEN. Well, | had to ask the question for each group,
so it's the sanme question.

SHETTEL: It made ne take one conclusion off of ny | ast
slide there, which said essentially that the | ow tenperature
operating node isn't nuch better. The rates, I'Il stick ny

neck out here and say we see the sanme type of things bel ow
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boiling, the rates are sonewhat slower, but the processes in
general are still there. So, taking out ny mddle
conclusion, that still |eaves the saturated zone the best
envi ronnment, not necessarily Yucca Muntain, because you have
ot her problens with earthquakes, volcanicity and a di scharge
to the surface of the earth
BULLEN: Ckay. Thank you, and | thank the group from

the State of Nevada. And, | guess this is a forewarning of
the question |I'm probably going to ask the group from EPRI

If I can ask themto come up and we'll conti nue,
we're going to go for 60 mnutes with their presentation
with 15 mnutes for questioning. | apologize to the audience
for the late tine of day, but we're going to finish this out.

And, the presentation will actually begin with Dr.
John Kessler, followed by Don Langnuir, Fraser King and M ck
Apt ed.

Dr. Kessler, the podiumis yours.

KESSLER: Thanks, Dan.

Wel |, thank you for being such a patient group.

Let's hope we don't tax your patience too nuch, but we'll do

our best to at |east not go overtine, any nore overtine.

|"d |like to begin by acknow edgi ng the presenters
and additional authors. 1'Il talk about the additional
presenters on one or two viewgraphs in. Randy Arthur, who's

with us today, did some of the geochem cal nodeling. Matt
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Kozak did a bit of the TSPA nodeling, and | put Dave
Shoesmth up here for work that he did a while ago when he
was under contract to EPRI on pit crew

Next, please. Wat we're going to talk to you
about is that really, we conm ssioned this work at EPR
because we were concerned that the Novenber |etter overstated
both the |ikelihood and the inportance of |ocalized corrosion
during the thermal period. That's really what was the
i npetus for our work here. So, we conmm ssioned an
i ndependent anal ysis of the TRB scenari o.

We al so evaluated the rel ated work sponsored by the
State of Nevada. So, you're going to see sone of both. W
figured that anything that was sort of under a hot
tenperature environnment that m ght cause rapid degradation of
t he containers was sort of the sanme issue, even if the
nmechani sns are sonmewhat different. So, we | ooked at both.

So, the experts you're going to hear about, sone of
themtoday |I've got listed here.

Next, please. Wat we'll talk about first is an
approach we took, which is a decision-tree approach to
eval uating the TRB scenario. [|'ll cover that, and I'll hand
off to Don Langnmuir, who will talk about the geochem cal
anal ysis that both he and Randy Arthur did. Then corrosion
analysis will be presented by Fraser King, with input from

Dave Shoesm th, followed by TSPA and regul atory conpliance
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anal ysis, which Mck Apted will present, as well as the
concl usi ons.

Next, please. So, |I'mgoing to go through here,

t he decision-tree approach that we cane up with for the
scenario evaluation. | hope this isn't too nuch of an eye
test, but I"'mkind of worried it is, so I'll just read them
here. W split up the TRB scenario into a bunch of questions
that we felt all of the questions had to be answered yes for
the TRB's deliquescence scenario to be of concern.

So, here's the questions we asked oursel ves.

First, can the proposed pure dival ent-chloride deliquescence
bring forn? |If the brine fornms, is it thernodynamcally
stable, and will it exist? |If the brine is stable and
persists, will it retain a corrosive conposition? And, if
the brine remains corrosive, can |ocalized corrosion be
initiated? Don Langrmuir will talk about those issues, as a
bit by Fraser King at the end.

Fraser will then continue with the decision tree
and ask the question again, if brine remains corrosive, can
| ocal i zed corrosion be initiated? As well as asking if
| ocalized attack initiates, will it continue to propagate?
Assumi ng all of those answers are yes, then Mck will talk
about if there is early localized corrosion, will the
repository fail to nmeet the standard, the regul atory

standard? Only if all of those are yes, then in our opinion,
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TRB' s scenario is of concern.

Next, please. So, we sort of had to ask oursel ves
what is it that we care about? Wat is it we think m ght be
the issues related to a localized corrosion of Aloy 22?7 So,
these are very approximte. W' ve seen literature that
suggests that somewhat at tenperatures maybe down to that
range you m ght under very aggressive other conditions, get
potentially localized corrosion.

You' ve al ready heard about nitrate/chloride ratios
that have to be less than a certain value, roughly .2, and
then there are nechanistic requirenments. For exanple, you
need to have | ocal oxygen depletion, followed by, and they're
al nost the sane, separation of anodic and cathodi c processes.

And, then, local acidification inside the occluded region.

Al'l of these are required for there to be |ocalized
corrosion.

So, you will see us address issues about
tenperature some. We'll hear about nitrate/chloride ratio
di scussion fromus. Fraser will talk about these two, and
you'll hear a | ot from Don about whether we believe that you
can get high acid environnents or not.

Next, please. GCkay, this is ny last viewgraph. To
gi ve you the conclusion up front, nultiple lines of evidence
indicate there is no technical foundation nor safety-

assessnment basis to support concern about the TRB scenari o.
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Qur analysis that we're going to present here
suggests the answer is likely to be no at all the decision
points on the decision tree. And, the remai nder of the
presentation provides the bases for the conclusion. And, I'd
like to give to the Board a nore detailed report that goes
along with this talk that goes into the issues in a little
bit nore detail.

Don?

LANGMU R The first slide, our goal is to assess the
i kelihood that acid gases from a breakdown of deliquescent
salts m ght cause the localized corrosion that results in
failure of waste packages.

Well, we can't really address this question

intelligently w thout considering the behavior of al

reacti ve conponents in the repository systemtowards these
salts and acid gases, not just one piece of this, but all of
t hese conponents, because they all include reactants that can
affect the conclusions we're going to try and draw.

Today, we'll talk about the ones that are
underlined. Gas phase in the drift, waste and waste
packages, dust on waste packages. And, note, | put here and
m nor anounts of soluble salts. They are mnor. And,

geologic materials and the porewaters in the drift walls.
Al'l of these are inportant conponents, and they all get

i nvolved in answering this question.
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This is our repository systemschematically. Lots
of engi neering conponents here, drift wall, ribs, so on,
wast e packages. All of these things are of concern to us in
answering this question.

Next is the decision-tree again. The first
guestion: can the proposed pure divalent chloride
del i quescent brines forn?

Next slide. W're going to focus in our talks
today on the thermal period of the repository when
tenperatures are above 100 degrees C. This is what the Board
was concerned about. This will be our focus.

The formation of these brines presumably depends on
salt bearing dusts that occur on waste packages in the
repository. We're going to |l ook at these dusts as the source
of the salts. The information available to us is the USGS' s
wor k on ESF dust collected on the waste packages and in the
tunnel, rather, by Peterman and others. W've worked with
the USGS, | shouldn't say worked with, collected fromthem
publicly available informati on on wi nd-bl own dust. W' ve
added to this with m neral ogy work that we've done on
materials they provided for us that's available to everybody.

This is the likely dust to be in the repository after
cl osure, this w nd-bl own dust.
Key data for both dusts which we've collected is

t he abundance of soluble salts that m ght pronote corrosion
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i.e. chloride, and ions that may inhibit it, nitrate and
sul fate, and abundances of minerals that will affect,
neutralize and acidities associated with the deliquescent
bri ne.

This table is a summary of the ion concentrations
in the different kinds of salts in the dust, this is the
wi nd- bl own dust chem stry, based upon the USGS work, and then
here's the USGS work on the ESF dust salts. And, notice |
put up here along with the salts information, precipitation
chem stry map information on the ions, the cations and ions,
these are nolar val ues, frommaps, and these are two | ocal
sites for sanpling of precipitation, which shows simlar
ki nds of chem stries.

|'ve used this information fromthese internedi ate
three precipitation sources, averaged it to produce the
cation values up here for w nd-bl own dust, which has not been
yet nmeasured, and it strikes nme that since the anions are
al nost identical, it's a pretty good assunption that the
cations are likely to be, too. So, precipitation chemstry
is probably pretty nuch the sanme as dust chem stry, which
makes good sense.

Notice in this figure that in the slide, that the
nitrate is the dom nant anion, for all of these precipitation
and wi nd- bl own dust exanples, and along with sulfate, it

dom nates over chloride as well in the ESF dust. Chloride is
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about 10 per cent in the wi nd-bl owm dust and precipitation
results.

Next, please. This summarizes the salt contents.
Even the w nd-bl own dust, notice nitrate dom nates, sulfate
al so, chloride 10 per cent. The nitrate, sulfate, chloride
ratio 9 to 1, a lot nore than--less than .2 that's an issue
for corrosion.

The next one, please. Sane calculation for the ESF
dust salts. 3 to 1 the ratio here, chloride 25 per cent,
| ess than either sulfate or nitrate, and the ratio again
that's of concern is .2 or |ess.

Next. And, this summarizes the anion conpositions
on a trilinear diagram This is the chloride corner, and you
can see that this yellow part of that corner is where
corrosion is an issue, if your conpositions are up there,
they're not. They're way down in the bottomof the figure
where it's non-corrosive, close to the nitrate corner, or
somewhere in the mddle.

Next, please. One of our questions is what happens
up tenperature to this systen? |It's pretty hard to picture
that a calciumchloride brine is going to hang around as such
very long at high tenperatures. W'Il| talk later about it
breaki ng down thermally. But, if it persists, it's
surrounded by dust particles at the 99 per cent |evel, and

it's likely to dissolve any nitrate and sulfate that occurs
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along with it. 1It's going to be tough to separate itself
fromthat nuch other material, and these are likely to
dissolve in it and make it | ess corrosive.

Next, please. So, answering the first question.
WI1l a pure divalent-cation chloride deliquescent bring forn?

H ghly unlikely. And, the reasons for this, the only source
of chloride salts in this period above 100 is going to be ESF
dust or w nd-bl own dust.

Predom nant solids are alumno silicates, silicates
and carbonates. Wnd-blown dust is |ess than 10 per cent
soluble salts, and only .4 per cent chloride. And, if you
cal cul ate the cal ciumchl oride content of w nd-bl own dust,
it's less than 1 per cent, if you convert the chloride to
cal cium chl ori de.

Cal ciumchloride brines are likely to re-dissolve
nitrate and sulfate salts and contact with them and becone
somewhat |ess corrosive. And, this point, reaction to
magnesiumin brines with silicates in the dust is likely to
remove the magnesi um fromthe brines.

Next. The second question. |If the brine forms, is
it thernodynamcally stable and will it persist?

Next, please. To answer this question, is to
consi der the system an open system and if it's an open
system which is presumably is, by and |arge, you're going to

| ose volatile acid gases that will de-stabilize any brine
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fairly quickly at elevated tenperatures. And, these are the
ki nds of reactions likely to occur.

Cal ci um hydr oxi de product fromthis breakdown of a
chloride brine using this as our exanple, HCL gas released to
the atnosphere in the drift, perhaps a cal ci um hydroxi de
chloride salt, again, acid gas release, and if any noisture
is around, this will all be converted to cal cium carbonate,
because that's the stable phase of the CO2 question on the
drift. And, again, HCL is gone.

The HCL is transported away from the package
surface, which drives all these reactions to the right.

Bri nes are deconposed, |eaving you a non-deliquescent, solid,
and al kal i ne solid.

The next, please. A schematic of these reactions.

These are values for 25 degrees, but they will remain

al kaline to near neutral at higher tenperatures as well.
We' ve done sonme nodeling of this one. The pH of this at 146
is 6.2, neutral is belowthat. So, this is a slightly

al kaline solution. This is what you m ght have--1'msorry.
The breakdown here, pH 12 1/2, is the pH of cal cium
hydroxide. |If CO2 is added fromthe drift atnosphere, giving
you the carbonate, it's stable at pH 8.3. Again, these are

| ow tenperature values |'ve conputed. But, they're also
going to be al kaline values up tenperature.

Next. We've discussed this alittle bit before.
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As you heat the package, it's the hottest thing in the system
relative to the drifts, which are cooler. You ve got a
concentration gradient fromthe source of the HCL gas on the
wast e package. You've got a thermal gradient as well. Both
of these tend to drive the HCL away fromthe package towards
the drift wall.

Now, the tendency for the gases to react with the

drift wall is related to the relative areas of the packages
and the drift wall. And, you can calculate those in a
qualitative way. |If you assune a geonetric surface to the

wast e package, and | picked the | argest waste package |ikely
to be used for this calculation, and you consi der the
roughness of the drift wall in terns of the geol ogic
material, and this is a typical roughness figure, you wll
find the waste package conprises |less than 5 per cent of the
area of the drift wall.

If you look at the drift wall differently here, as
a bunch of little tuff particles, which has been done by the
DCE in a nunber of studies, you can calculate that based upon
that with a 1 mllinmeter skin of drift wall, the waste

package is less than 1 per cent of the area of the drift

wal | .

So, where is the acid gas going? |It's going to a
cooler drift wall, which has nost of the area, and it's a
| ower tenperature.
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Next. This is a calculation of what the chem stry
| ooks like in a calciumchloride brine that's trapped on the
surface of the waste package. This is an 8 to 6 cal cul ation
fromRandy. And, it will have an HCL pressure that's 10°*°,
and under those conditions, if it's trapped and it can't
breathe to the atnosphere in the tunnel, you'll have cal ci um
chloride brine stable.

DCE has done a cal cul ation of the chem stry of
condensate up in the drift wall. 1've got the reference in
our notes, and it's in our handout materials. And, in this

cal cul ation of condensate chem stry, they find they have a
very, very low HCL pressure. Notice that the H20 pressure is
4.3 bars. This nmeans this will dry up, since the equilibrium

pressure i s one bar.

So, on the drift wall, you're not going to have any
wat er under these conditions. This is 146 celsius--1'm
sorry, it's 96 at the drift wall. 1It's going to dry up, and
cal cium carbonate is a stable phase.

Now, you can back cal culate fromthe information
for a closed brine and the drift wall, and cal cul ate what
woul d be an equilibriumwth the drift atnosphere on the

wast e package surface in the presence of atnospheric
pressures, and this is what you get. And, again, calcium
carbonate is the stable phase. This high water pressure

tells you it's going to dry out, and you've got a | ow HCL
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pressure.

Next, please. Well, what happens to this HCL if it
gets to the drift wall? 1It's going to react. You' ve got an
al kali world out there in the drift wall. Essentially
everything is alkaline. The HCL gas will react with albite
feldspar, which is 24 per cent of the drift geol ogy, as an
exanple, pH drops to 5.6, you nake a clay. It reacts further
as you add nore HCL, and you end up with a m xture of
kaolinite clay and al bite, which buffers the pH and it wll
never go below 5.7 at 146--1'"msorry--96 degrees in the drift
wall. So, you're buffering the pH, and that's as low as it
will go.

Next, please. So, summarizing this question. If
the brine forms, will it be stable and persist? And, the
answer is no. You'll keep losing HCL froma cal cium chloride
brine. The brine will deconpose, form ng a non-deliquescent
solid, which will dry up, which will be cal ci um hydroxi de
initially, and perhaps ultimtely, calcium carbonate on the
wast e package surface. And, the concentration gradi ent of

volatile HCL will drive it fromthe hot waste package surface

across the drift, into the drift wall, where it will tend to
di ssolve in pore waters up in the drift wall, and be
neutralized with reaction with tuff mnerals.

And, this reaction is driven by tenperature

gradients, chemi cal potential gradients, concentration



© 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

291

gradients, and the fact that the area of the drift wall is 20
to 100 tinmes greater as a reactant in this systemthan is the
wast e package.

Next. The third question. |If the brine is stable
and persists, will it retain a corrosive conposition? Qur
approach here was to nodel the chem cal processes that m ght
create conditions that would initiate |ocal corrosion. And,
the TRB has tal ked about it happening under a crust or in an
occl uded | ocation on the package of a surface under closed

system condi ti ons.

Now, we've just tal ked about the conposition of
such a brine. So, under such a condition, if we could nmake
it, if we could create this brine, and this is hypothetical,
it could not lose its HCL, and the reactions then woul d be
[imted to reactions with dust in that fracture, which are
dom nant materials, and the Al loy 22.

Next, please. Wat's the dust nade out of? And,
this is sone work we've been doing at EPRI. It's a
conbi nation of what I'"mcalling basic mnerals, which are

m nerals that consune acidity and will continue to do so,
whi ch represent 60 per cent of the dust, whether you're
t al ki ng about ESF dust or w nd-blown dust. It's about 60 per
cent reactive mnerals that will consune acidity.
Yes, it has sone inert mnerals in it, but these

are the inportant ones fromthe point of view of the
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possibility of acidity persisting. And, notice the soluble
salts. In ESF dust, .3 per cent. In the w nd-blow dust,
| ess than 10 per cent.

Next, please. These are |ow tenperature
cal cul ati ons of what happens when these m nerals contact
water in the drift, and what they showis that if these
mnerals react with water in the drift, this is called
weat hering at | ow tenperatures, but the sane things happen
when you get high tenperature, too. It's a weathering
process when acids hit these things. The pHs are near
neutral to alkaline. And, they will also be near neutral to
al kal i ne at high tenperatures.

Next, please. The point of this is to show you the
stoichionetries of these weathering reactions. So, here's K-
spar, and it consunmes 4 protons when it's broken down as it's
attacked by any kind of an acid gas, 8 protons for the
Anorthite, these are 3 feldspars, for the clay, 7.32, for
calcite 1 proton.

Wth this information, and with an anal ysis of the
rock, and the anmounts, the nolar ampbunts of the mnerals in
the rock, we could calculate the ability of the rock to
consune acidity, which we've done.

Next, please. This, by the way, is material that's
in the back, in the back of the handouts. The soluble salts

and ESF dust are .3 per cent. That's only .02 per cent
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chloride, by the way. Basic mnerals domnate here, and if
you were to convert all of the HCL, all the chloride, rather,
and all the nitrate that's in that salt, and the hydrochloric
acid and nitric acid, you could consune it and you'd be left
with 99.7 per cent of the basic mnerals left.

So, it isn't going anywhere. |[|f you make acid on
the waste package in this stuff during the thermal period,
it's going to be neutralized right in place, and there's
pl enty of dust left over to do the job.

Next, please. For the w nd-blown dust, the soluble
salts 9.6 per cent, convert all the chloride and nitrate in
that salt to an acid, and you still have 92.7 per cent of the
basic mnerals left, because they're intimately m xed with
the salts, and they're going to react with them They can't
avoid it.

Next, please. Let's talk about the brine itself.
This is the saturated brine in sone sort of an isol ated
at nosphere. This is the hydrogen iron concentration, cal
it, if you like, the pH descriptively here, 6.15, neutral at
these tenperatures is 5.82. The chloride brine itself is
slightly al kal i ne.

Next, please. Wat happens if we have dust down in
an occluded place in this waste package and it's isol ated
fromthe atnosphere, what's it going to do? It's going to

cone in contact with the mnerals in the dust, which donm nate
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the percent of material in what you' re |ooking at. And, what
happens to it? Initial brine, 6.15. Add a little calcite,
pH goes to 10.6. |If, instead, you add a little albite
feldspar, pH goes to 8.35. You nake a clay, and then the pH
goes up to 8.8. That's going to happen in your crack before
you get any chance to cause corrosion. Those are the
conditions of the brine in that crack.

Next. Question. |If the brine persists, wll

chem cal conditions within the brine necessary for initiation

of localized corrosion be maintained? And, after all | just
tal ked about, |1'mgoing to say no.

Naturally occurring mnerals in the dust have a
strong and rapid buffering capacity and will neutralize the

acidity. The abundance of basic m neral phases greatly
exceeds that of soluble salts. Corrosion-inhibiting soluble
salts, nitrates and sulfates, greatly exceed the
concentration of chloride salts. And, finally, the ratio of
nitrate to sulfate, plus sulfate to chloride is 3 to 1 in the
ESF dust, and 9 to 1 in wi nd-blown dust. So, you' re way

outside the range of ratios that are concerned with

corrosion.
| think we're ready for Fraser King.
KING Ckay, thanks, Don.
So, just to recap, two of our six decision points

concerned corrosion, and those are the two i ssues that |
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shall be tal king about in the next few m nutes.

So, we have two questions to answer. Firstly, if a
corrosive brine does formand persists on the surface of the
wast e package, will localized corrosion initiate? And, we
have a couple of sub-points there. One addressing the
concentration, relative concentrations of inhibitive ions to
chloride ions. And, secondly, I'll spend a bit nore tine,
this is new information, sonme anal yses we've been doi ng on
the ability of the dust deposit, or salt crust to act as an
effective crevice forner. And, in particular, we'll be
| ooking at the ability of those deposits, the crevice forns,
to create a differential aeration cell, and thereby induce
| ocalized corrosion. So, that's the first question about
initiation.

The second question. |If initiation does occur, we
think it unlikely, if not inpossible, but if it does occur,
will it propagate to failure? And EPRI historically have
done work on | ooking at the propagation rates, nodeling the
propagation rates of |ocalized corrosion, and |I'll say
sonet hi ng about the stifling mechanisns at the end, and j ust
show the results of some of our past TSPA cal cul ati ons.

So, firstly, on the question of |ocalized corrosion
initiation. 1 just have a couple of slides here just to
recap the effects of inhibitive ions and nitrate and sulfate

ions here, and carbonate as well. This shows sone data that
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was presented | ast year by the DOE. |'mjust going to show
the polarization figure without nitrate in a 5 nolar cal cium
chloride brine, and then the effect of added nitrate on this
nicely creviced sanple that is typically used in the project
experinments. And, the addition of nitrate, as we all know,
shifts these repassivation potentials, both the breakdown
potential and the repassivation potential, which is being
used as a criterion for the difference between this

repassi vation potential and the corrosion potential, as the

criterion for whether |ocalized corrosion would initiate.
Both of these potentials has shifted nore positively in the
presence of these added i nhibitors.

Next slide. And, this just shows again Don's
figure here, conparing the nitrates to chloride ratios in the
ESF dust and the w nd-bl own dust, conpared this zone of
susceptibility of Alloy 22, in this triangular part. And,
this just shows the sane data in a sinplified format that a
sinmpl e el ectrochem st can understand, conparing the ratios in

these dusts to those ratios shown experinentally to initiate

| ocalized corrosion. So, just to reiterate what Don

nmenti oned previously, and |I'll say again, and we'll hear nore
about this tonorrow, I'msure. So, as shown earlier, the
nitrate and the sulfate dom nate over the chloride in these

Yucca Mountain dusts. And the ratios in these dusts far

exceeds the ratios required to initiate |ocalized corrosion,
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as denonstrated in the experinents.

So, that's one of our initiation argunents. The
ot her argunent, and I'lIl spend a bit of tinme on this, is that
these crevice forns, these perneable dust deposits, wll not
be suitable crevice forns. The sequence of events required
for the initiation and, finally, the propagation of |ocalized
corrosion. So, the first thing you need to do in order to
cause | ocalized corrosion is to deplete oxygen in the
occluded region. That |leads to the spatial separation of
anodi ¢ and cathodic reactions, |ocalized dissolution of netal
wi thin the occluded region, which |leads to a hydrolysis of
| ocal acidification.

Then, and only then, once the |ocalized corrosion
has initiated, does propagation proceed, and that's supported
both by the reduction of oxygen outside the occluded region,
as well as that approach inside the region. There's also
ot her processes which don't bother us here.

But, in the case of perneable dust deposits, we
don't believe that these will support |ocalized corrosion for
a nunber of reasons. First, you ve got perneable to oxygen
and this will prevent the creation of this differenti al
aeration in the first place, and thereby, the separation of
t he anodi ¢ and cathodic reactions, which is the definition,
of course, of localized corrosion.

In addition, as we've just heard, there's a huge
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buffering and neutralization capacity of these dusts, and
that will prevent the local acidification wth the "occl uded"
region. And, intentionally here, | put occluded in quotation
mar ks.

So, we've addressed this issue by a sinple
conceptual nodel, and this just shows the surface of an Al oy
22 waste package. W have a dust deposit, a thick dust
deposit, sitting on top, which is perneable to oxygen. And,
at the bottomof that, we assune that a thin deliquescent
film And, what we're going to look at is the rate of
consunption of oxygen at the deliquescent solution/netal
interface, and conpare that with the rate of replenishnent of
oxygen to this conceptual, through these layers, to see if we
can repl enish the oxygen faster than we can consunme it. |If

we can do that, then we don't create a different aeration

cell. W can't initiate |ocalized corrosion
So, to conpare those two processes, |'mjust
poi nting out here that this is a sinplified conceptual nodel

for calculation purposes only. W believe that this
deliquescent filmw |l be sort of isolated in small pockets
on the surface.

So, again, what I'mgoing to | ook at is nass
transport through these porous nedia. Now, in general, and
nmy background is froma country where we're consi dering of

di sposing in a saturated zone, and so we've | ooked, as other
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countries have, in a lot of detail |ooking at the diffusion
of oxygen and ot her species through conpacted materi al s.
And, it's that expanse |I'mdrawing on here to nake these
cal cul ati ons.

Source of interest in the agriculture and soil
sciences. There's a lot of information in the literature,
which is also of use in unsaturated soils, |ooking at the
effect of the diffusion of oxygen through porous nedia.

So, the effects of porous deposits on corrosion

processes are two-fold. Firstly, porous deposits restrict
mass transport of reactants to, and, of course, corrosion
products away from the corroding interface. And, that's
typically taken into account using effective diffusion
coefficient, where the diffusion coefficient of bulk solution
is multiplied by porosity, and a tortuosity factor, to take
into account the tortuousness of the porous network. So, the
porous | ayers obviously inhibit mass transport.

They al so block a fraction of the surface, and they
el ectrochem cal reactions fromoccurring. And, as it turns
out, for randomy oriented, randomy sized porous network,
the ratio of the area exposed at the bottom of these pores,
the active surface area on the base of the pores, the
geonetric surface area is equal to the bulk porosity. This
bul kK porosity appears in two places here, and that's an

i nportant paraneter for us to try and estimate.
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So, the required input data for this calcul ation,
firstly, the rate of replenishnent of oxygen is going to be a
sinple mass transport calculation. The rate-determ ning step
here is the rate of oxygen diffusion through that thin water
filmcurrently in contact with the waste package surface.
Even though the dust |ayers may be nuch thicker, because it's
unsaturated, the rate of diffusion coefficient through
unsaturated soils, are many orders of magnitude higher than
that in solution. And, so the rate-determning step is
di ffusion through this thin water film which is in this
porous matri X.

So, we need to know the porosity and tortuosity
factor of that water film which is in this porous deposit,
which is the sane as that porous deposit, and in the absence
of data of dust on waste package surfaces, use data froma
conpacted clay, and I'Il show that in a second. Also, the
porosity and tortuosity factor in sinulated steam generated
deposits, we've also drawn upon that.

We' || al so need to know the concentration of
oxygen, and, of course, that's a function of tenperature and
the salt concentration. An inportant paraneter, the
t hi ckness of this water filmthat could formon the waste
package surface. That's the rate of replenishnent. The rate
of consunption we're equating to the passive current density.

And, this is prior to the onset of |ocalized corrosion.
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And, so, the rate of consunption of oxygen underneath this
deposit is equal to the passive current density.

So, the next slide shows sone data for the porosity
and tortuosity factor. Again, this is taken fromdata on
conpacted clays. So, as a function of density, the porosity
in these pink squares, and the tortuosity factor in these
bl ue di anonds, as woul d be expected, decrease with increasing
density.

And, | should point out that up to density of about
1 gram per cubic centinmeters, it's possible to conpact these
cl ays by hand. Above this sort of density, though, you need
a hydraulic press, pressures below just several tons per
square inch. So, these are highly conpacted systens, yet
they retain a ot of porosity, and although the tortuosity
factor decreases with the increase in density, quite a
significant tortuosity factor.

So, another set of data that we've used to try and
get a ballpark on these nunbers for our cal culations, are
sonme hand- conpact ed nmagnetite powders, which we used to
si mul ate steam generated deposits, and there, they had a
density of about .5 to .6, and a tortuosity factor, these
were highly conpacted, of .64 to 1. So, for our
cal cul ati ons, based on these two sets of data, we've
conservatively assuned the porosity of .5, which is bel ow

that we believe we can achi eve on the waste package just by
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sinmply w nd-bl own dust, and a tortuosity factor of .2. So,
that's our porosity and tortuosity data.

The other input data, as | said, the bul k oxygen
concentration, so we have a salting-out effect of this, and
for purposes of calculating the salting-out effect only, ['ve
assuned that the deliquescent solution is the 5 nolar cal cium
chloride solution. So, salting-out factors have been 8 tines
| ower oxygen concentration due to the salting out. O
course, the oxygen concentration is also a function of
tenperature, and that's taken into account in the
cal cul ati ons.

For the thickness of the deliquescent film which
is also part of our calculation, we base this on data from
the TGA anal yses which were reported | ast year by the DOE
and as we saw earlier, there was a mass gain initially when
t hose experinments were done of 1.7 mlligrans due to
absorption of noisture fromthe atnosphere. The area was
about 17 square centineters, and, so, that gives water |ayer
figures of alnobst exactly 1 mcron. So, that's our water
| ayer figures for our mass transport cal cul ation.

The diffusion coefficient is obviously a function
of tenperature. |It's typically equal to that of the
di scussed waters, that's 19 kilojoules per nole. So, these
i nput data for the calculation relate to transport, the rate

of repleni shnent of oxygen to the waste package surface.
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And, that oxygen is being consuned at a rate given by the
passive current density, and for that, I"'musing this data
fromthe Center. And, | should point out here that that has
a higher activation energy conpared to the diffusion rate,
and, we'll see that the data converge at higher tenperatures
as a consequence of that.

Next slide. So, again, just to reiterate, what
we're going to do here is we're going to conpare the rate of
consunption of oxygen on the waste package surface, given
this rate of replenishnent given by Fick's first |aw

For the thickness of the water film we're going to
use this valued 1 micron derived fromthe DCE data. And, for
sensitivity analysis purposes only, we're going to use 10
times the 100 tinmes thicker water |ayers.

And, so, the point here is if we can replenish
oxygen faster than we can consunme it underneath this dust
deposit, then it doesn't add to the very efficient crevice
former, and won't initiate |ocalized corrosion because of the

separation of anodic and cathodi c science.

So, here are the results of those cal cul ati ons.
The rate of consunption is shown in blue as a function of
tenperature. |'mshowi ng these as current densities in both
cases. This is the rate of oxygen consunption converted to a

current density, and a function of tenperature, and

obviously, wth increasing tenperature, the rate of
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consunption increases.

And, in conparison, the rate of replenishnment by
di ffusion through this thin water |ayer, and these are the
data for that 1 mcro thick water |ayer, which we think best
represents the thickness of the deliquescence sol ution, of
the order of, in the case of this water filmthickness, 4 to
6 orders of magnitude higher than its rate of consunption
Even for nmuch thicker water filmthickness, 10 tines, 100
times thicker, there's still a wide margin of higher rates of
repl eni shment of oxygen than its rate of consunption.

So, the bottomline here is that these crevice,
dust deposits, do not act as good crevice forns. They do not
result in oxygen depletion. There's no differential aeration
associ ated, and, therefore, no separation of anodic and
cat hodi c sites.

| ndeed, you can convert these data into the ratio
of the interfacial concentration of the solution on the waste
package surface to that in the bulk, and that ratio is
99.996, a very small depletion due to the very rapid rate of
repl eni shnment to these unsaturated dust deposits.

Anot her way of considering these data is that in
terms of the critical potential that should be used to judge
whet her | ocalized corrosion would initiate, we shouldn't be
using the repassivation potential for crevice sanple, we

shoul d be using that for a sanple which has free access to
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t he environment, such as that that we derive fromthe

passi vation potential for pitting type corrosion, which are
typically many hundred of mllivolts nore positive than those
for repassivation potentials for crevice sanples.

So, that covers what | have to say on the
initiation of localized corrosion. Now, let's go on to |ook
at the tinme dependent |ocalized corrosion, should it
initiate.

In the unlikely event that initiation occurs, there
is strong evidence to suggest stifling will take place. And,
here we list very stifling nmechanisns. |In the case of dust
deposits on the surface, there are additional reasons to

believe that stifling will occur, largely associated with the
| oss of the critical crevice chem stry, both the ion-exchange
of aggressive doubly charged cations, and | ess aggressive
sodi um and potassiumions, but al so because of the
neutralization and buffering of the localized acidity that
will be generated within a propagating crevice by alum no
silicates and carbonate mnerals, which Don has tal ked about
previ ously.

There's al so nechani sns, as |'ve discussed,
involving the | oss of the separation of the anodic and
cathodic sites by the increasing perneability and oxygen
di ffusion through a dust deposit on the surface, ion for al

types of crevices that diffuse iR control of the propagation
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rate.

Regardl ess of the nmechanismfor stifling, the net
effect that is observed is often described by this
expression, and this time exponent Nis typically less than 1
in the stifling case. And, EPRI in the past few years, have
gone to nodeling studies on this, and these results show sone
previ ous TSPA cal cul ations. Just conparing here the wall
thickness of 20 mllineters for the Alloy 22 waste package,
with the penetration depth as a function of tine for two tine
exposures of that expression, these show data of a 2000 year
period to cover both the tinme of the thermal pulse, and any
conti nued propagati on when tenperatures drop bel ow t he
repassivation potentials. So, again, taking that 2000 year
period for that cal cul ation.

The value of the B coefficient for the power
expression is based on data froma very aggressive solution
for less corrosion resistant alloy, and it's, therefore,
conservative. [|'musing the two bounding values for this
time exposure Nof .1 and .5, which is a theoretical value
for an iR for diffusion control process.

But, as you can see, in both cases, especially for
the tinme exponent n equals .1, there are very limted
propagation, even continuing wth tinme, a rate that's
decreasing with tinme, and wthin this period when |ocalized

corrosion, should it initiate, mght be feasible, the
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penetration of the wall is |less than 25 per cent.

So, just in sunmary, EPRI's corrosion analysis, the
two questions we've addressed, if this brine forns and
persists on the waste package surface, can |localized
corrosion initiate? Qur answer to that is no. W believe
that the concentration of inhibiting ions, deliquescent
sol utions, far exceeds that of the aggressive chloride ions.

A second reason for non-initiation is that these
dust deposits that mght formare perneable. They will allow

oxygen to diffuse through, and our cal cul ati ons suggested
there will be no separation of anodic and cathodic sites.
And, even if there is localized events, then no | ocalized
acidification could occur because of the buffering and
neutralization by the basic mnerals in the dust.

The second question is if |localized corrosion does
initiate, wll it propagate the failure? Again, our answer
is no. And, our belief is that there's a nunber of stifling
mechani sns that will prevent through-wall penetration within
the period of |ocalized corrosion propagation.

And, that covers our corrosion analysis, and |
think Mck is going to finish up with some TSPA stuff.

APTED: | feel like this is a trial for American |dol
here. Everybody sort of rotates up to the front.

Vell, we're well within about 15 m nutes into our

free beer tinme, so l'll try to be quick and wap this up.
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This is the last question we're up to, and one thing | should
say about this decision-tree, or chain of logic. |'ve been
involved in a lot of international prograns that have been
very successfully used for |ooking at sonme contentious
technical what-if issues, where people |ove to specul ate,
i ssues on glaciers and colloids and mcrobial survivability
and so on, and it's been used by a nunber of international
prograns very successfully, and | think there's a record to
be |l earned here in terns of trying to follow this kind of
approach in breaking down sone of these issues that have been
very difficult for us to come at.

Do we conme at it technically and | aunch an R&D
progran? Do we try to solve it all by a QA Resolution, or a
PA resolution? Sonething like that. So, | recommend it al
to keep it in mnd as a way to try to put sonme of your
guestions that come up not only in this case, but in other
techni cal areas as well.

kay, next slide. So, if waste packages are
locally penetrated, will the rel eases exceed regul atory
conpliance criteria? The first point I want to point to our
approach, basically is to apply a total systens approach, and
| think that's the key word. |If you're at all a believer in
mul tiple barriers as a fundanental strategy and approach to
geologic isolation, then if you' re not thinking of a system

you're doing yourself a discredit, if you' re focusing just on
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one barrier. If I'"ma geochem st part-tine, if |I'mfocusing
just on the chem stry, | can really mss sone of the other
connections where other barriers, other processes begin to
real ly dom nate.

So, we followed a total system TSPA approach to
eval uate the sensitivity and relative inportance of this
postul ated scenari o.

The second point is nuch as | hate to agree with
Redwi ng fans, | nust agree with Tim MCartin here. TSPA s,
| believe, as he said, really valuable to provide sone risk-
based insights into this type of repository system W' ve
all heard many people say how conplex it is, it's hard to
unravel, all of this conplexity. But, PAis the one area
where we can bring this sort of Tower of Bable together anong
hydr ol ogi sts and geochem sts and corrosi on people, and begin
to sift through the true relative inportance of itens.

Lastly, of course, the National Acadeny is on
record during their very inportant 1995 technical standards
report enphasizing the key role of the performance assessnent
in placing any technical issue into the proper context.

kay, so what have we done? We've | ooked at
regul atory conpliance analysis. Basically, we've done,
despite what Roger said earlier, | think we have really
bounded this. W've said at the tinme of repository closure,

all of the packages are failed. Al of the canisters are
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failed. So, that's hard to go past that in ternms of the
cani ster performance. W've sort of done a barrier
neutralization. O course, barrier neutralization has been
done, again, very widely by all of the repository programs in
Hargro in Switzerland, SKB in Sweden, JNC in Japan. Everyone
approaches it in very nmuch the sanme sort of approach
So, we've assuned all waste packages fail by |oca
penetration at t=0. The drip shield is still intact in this
particular variant. And, the results, we find that the
rel ease is dom nated by Iodine 129, technetium 99, so-called
instant release fraction nuclides. But, that conpliance with
the EPA and the NRC regulatory criteria is shown for a 10,000
year period, and beyond, all the way out here to fast peak
dose where we're |looking at tinme scales on the order of a
mllion years. Just for those in the back who can't see, the
EPA standard of 15 mlligranms is right up along this wavy
[ine of mne.
kay, next slide. Now, we've got to |ook at

regul atory conpliance in even further conservative space,
where the container and the drip shield are initially failed
at the time of closure. So, those are conditions to equal O.

Results, again, we see the release is basically dom nated by
the 1 odine 129, technetium 99. Conpliance with EPA and the
NRC regul atory criteria is shown for the first 10,000 years,

which is right here, and that the maxi num dose at later tines
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is always basically bel ow the conparabl e natural background
radi oactivity at Yucca Mountain. So, for a set of barrier
neutralizations here, we've shown that yes, there is going to
be compliance within the safety assessnent.

Last slide. GCkay, so the question posed. If waste
packages are locally penetrated, will rel eases exceed
regul atory conpliance? No. Even assumng |ocalized
corrosion of the packages, resulting in release rate of
radi onuclides five tinmes faster, conplies with regul atory
safety criteria for all times, and even assum ng the | oss
above the waste package container and the drip shield, we
still show denonstration of conpliance with the safety
criteria.

So, for the long-termsafety for nuclear waste
repository, Yucca Mountain is robustly assured by a nmultiple
set of barriers. The nessage isn't that oh, we don't need
the canisters, the nessage is we have really what we've set
out for here, is achieving a set of nultiple barriers and
processes, because it's not always just a physical barrier
you can point to, but a process, mass transport. Tim
menti oned sonething sorption, these are other barriers that
all contribute to the isolation successfully of nuclear waste
at Yucca Mount ai n.

Last slide, conclusions. |I'mgoing to go to Nunber

2. | want to stress again the merit of this approach is that
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all decision points in the specul ative scenario that's been
set up by the TRB nust be answered yes. You can't get down
here unl ess all these decision points chained together are
all answered yes. |[|f even one were no, the issue is dropped
out. It's not of inportance.

In our analysis that we've just gone through, we've
| ooked at each of these questions. WII| the proposed
di val ent pure deliquescent brine forn? H ghly unlikely. If
it forms, is it stable and persist? No. |If it does, is
stabl e and persist in sonme sort of specul ative closed system
environment, will it retain a corrosive conposition? No. |If
the brine remains corrosive, can |ocalized corrosion be
initiated? No. |If localized attack is initiated, wll it
continue to propagate? No.

And, finally, if all of that--all of this--
wonderful R&D were actually to be needed, or sonething, and
we | ook at this froma safety conpliance point of view, if
early localized corrosion occurs, will the repository fail to
nmeet the safety standard? The answer is no.

Based on this, nultiple |lines of evidence, and |
cone back to Dr. Latanision's initial presentation where he
mentioned multiple Iines of evidence, indeed, being
important, we find and we conclude that there's no technical
foundati on, nor safety conpliance basis, for continued

concern about this deliquescent brine leading to early
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failure of waste packages by | ocalized corrosion.
Thank you very nuch. W can ask questions, or we
can ask questions over beer, or we can leave it up to Dan.
BULLEN: There's one thing about following Mck on a
presentation. You never actually know where he stands on an
i ssue. Okay, we'll take questions fromthe Board first, and
"1l start with David, and then we'll go with Ron and any
ot her Board nenbers that have questions.
Davi d, go ahead.
DUQUETTE: Duquette, Board.
" mnot sure where to start. First of all, I'm
glad we're going to nake the containers out of polyethyl ene.
But apart fromthat, | would Iike to read the docunment that
you' re apparently passing out to us, because |I have a nunber
of problems with what | think is--well, first of all, | want
to conplinent you on doing a lot of work in a short tine, and
follow that was a reaction to our letter. That's nunber one.
Nunmber two, there are a nunber of things that I
found overly sinplistic in some of the things you present ed.
That doesn't change your decision-tree and you may convi nce
me that your decision-tree is correct, even if | change those
things. But, nmy students would be very surprised to | earn
that if they make a saturated solution of calciumchloride,
because they deal with potassiumchloride all the tinme, and

take it up to about 105, 106 degrees before it starts to
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boil, that they would get hydrochloric acid off as a gas. It
turns out that I'd have to | ook at the thernodynam cs, but |
don't think that cal ciumhydroxide is nore stable than
soluble calciumchloride in the tenperature range that we're
tal king about if you get a saturated sol ution.

That's at the beginning of it, and I'"mnot going to
go through slide by slide, but there are things |ike that
t hat bother ne about the presentation, and | do want to take
a |l ook at sonme of the mathematics and so on and so forth. |
may conme to the sane concl usion you do.

The bottom line, however, is that we have agreed
that perforation of the containers will not conpromn se the
performance analysis. W've said that right along. As a
conservative engineer, if |I can give you a barrier that wll
not fail, | don't even need TSPA at that point, if | can
guarantee it won't fail. And, so, what we've been trying to
push for is a container that doesn't have to depend on even
the possibility of a |ocalized corrosion.

Apart fromthat, we could get into a several hour
di scussion on the nodels that were used for oxygen
perneation. That's assum ng, of course, that it's all the
same through all of the dust, and that it's not differential,
so that you can't have a different cell in that situation
It's assuming that the data that was collected on the

nitrate, the chloride concentrations, or ratios, rather, that
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were collected, at typically about 95 degrees celsius, is
true up to about 150 or 160 degrees celsius. There are a |ot
of assunptions in the nodels you' ve thrown out, and while |
don't want to address themhere, | think you will be getting
some response for us onit, and | think I'Il let it go at

t hat .

BULLEN: Bullen, Board. There wasn't a question in
there. That was just a nonol ogue?

DUQUETTE: Duquette, Board. You're lucky it wasn't 50
m nut es.

BULLEN: | understand. D d EPRI's team want to nmake a
comment or two? Don Langnuir, go ahead.

LANGVU R. They tal ked about the possibility--1 didn't
really intend you to believe that we were going to have
calciumchloride brine in the presence of--with cal cium
hydr oxi de and HCL gas. That's not happening. W're going to
go fromone thing to the next in a small mcro environnment on
the surface. $So, you're going to have your cal ci um hydroxi de
by itself once HCL is gone. [I'mnot sure | exactly
understood. Maybe you coul d rephrase what your question is
about how | presented that.

DUQUETTE: Ckay. Duquette, Board.

" mnot sure where the HCL is going to cone from
given the reaction you've put up as a chem cal reaction.

LANGVU R  Oh, the HCL cones fromthe breakdown of the
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calciumchloride. There's water shown in the reaction as
wel |, giving you the cal cium hydroxide. There's water in the
del i quescent bri ne.

DUQUETTE: Duquette, Board. | don't want to get into a
di scussion on that. But, again, nmy students would be
surprised. Yes, saturated solution of calciumchloride wll
produce HCL and cal ci um hydr oxi de.

LANGMU R Yes. Wiat's the problenf? This has been done
and you're going to hear about it tonorrow, we've been told
by the DCOE, this is experimental work that DOE has done.

G eg Godowsky has done this work. Wth a filmon the surface
of a cani ster which was kept npist and allowed to evaporate
and generated a deliquescent film and the product was

cal ci um hydroxy chloride, and cal ci um hydroxi de, and HCL was
driven off as a gas. This has been done. It also applies
to--this is a theoretical calculation here, but it matches

t he experinental work that's been done. The product is an

al kali residue that dries up

BULLEN: Bullen, Board. W'I|l nove on to the next
guestion. Ron Latanision?

LATANI SI ON:  Lat ani si on, Board.

To follow on Mck Apted' s comment. That sounds
i ke a very good conversation for the beer period we're
apparently in right now, and I"msure the acid wll becone

even nore concentrated as the even wears on.
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| want to, first of all, share David' s coment
about | guess | would say ny pleasure in seeing EPRI comm t
the intellectual and fiscal resources to leap into this.
And, so, | think if there is no other conclusion that EPRI is

really involved with this whole discussion at a |level that |

haven't seen before, |I'mvery pleased.
But, having said that, | need to get--you know
there's "but" right? There's always a "but.” | need to

understand the inplications of sone of what you' ve said, and
| do share sone of David' s reservations. A |lot of what you
present ed sounds very specul ative, but, not w thstanding
that, comment. | need to understand a few other broader

I Ssues.

We know that the project and the fol ks at CNWRA
have both denonstrated in testing that they've done that
crevice corrosion will occur. W know that welds and aged
material are even nore susceptible in the testing that
t hey' ve perfornmed. So, the question is what is the
inplication? 1s the inplication that they have just done
sonme very msqguided tests, and after all the years of effort
and public funds that have been used to support those tests,
do we now concl ude they've done the wong thing? That's the
first point.

Then the second point is what environmental tests

shoul d be done, or are we really dealing with the slam dunk



318

that is shown on this last slide? |Is this just a non-issue
and there's no point in doing testing? 1Is that the

concl usi on we should come to? And, if it is, 1'dlike to
hear your comrents on that.

If that is the case, then it just seens to ne that
this sort of analysis has cone very late in a very |ong
process, which has committed mllions and mlIlions of dollars
of public funds, and it would have been a nmonunentally
i mportant thing to have gone through an exercise like this
very much earlier. 1've asked a |ot of questions, so I'd be
happy to get your conments.

LANGVMU R | can't respond to the last point you nade.
That's nore for the program But, specifically with regard
to the salts issue and the corrosion fracture issue, | don't
t hi nk anyone until us has really focused on what the dust is
all about, and what its reactions will be with the salts and
t he deliquescent brines, and with the acidity. That's not
been an issue that's been raised before. It's a very
i mportant issue, and | focused on the acid base aspect of the
dust, but I'Il hand it over to Fraser to talk about its
application to the corrosion, and fracture issue.

KING Fraser King.

So, in terns of you have two questions. One, the
first what has been done wong in the experinents. | should

preface ny remarks by saying our focus here is on the issue
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of deliquescence and the possible |ocalized corrosion under
t he dust deposits.

Qur issue is that using--in order to get that
crevice corrosion, which is being seen by the DOE and by the
Center, they have had to go to not netal to netal crevices,
because you can't even initiate localized corrosion with
nmetal to netal crevices, they have used crevices forned in a
pi ece of netal and a piece of teflon, or other formable
crevice forner. And, those are, for sone crevices on the
wast e package, we don't believe that they are characteristic
of crevices that will form by perneabl e dust deposits.

And, so, the application of those repassivation
potentials, which it neasured on those highly conservative
type sanples, don't represent the conditions under a dust
deposit. So, there's nothing wong with what they' ve done.
It's just that in the case of a perneabl e dust deposit, we
think there are other approaches.

And, to answer your second question, the sort of
experiments that could be done, and | believe are being done,
woul d involve a crevice fornmer, which isn't an inperneable
sheet of PTFE or teflon, and would all ow access of oxygen to
the salt water occluded region.

The expectation would be there. The repassivation
potential is that if you could do experinents under those

condi tions, which would be far nore positive than those that
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you neasure with an inperneable crevice former like a piece
of PTFE.
LATANI SI ON:  Lat ani si on, Board.

The tests that they' ve perforned are really
industry standard tests. | nean, if soneone is interested in
exploring the possibility of crevice corrosion using the
devi ce, technol ogy that has been used by both the project and
CNWRA, is not an unusual test.

KING Correct.

LATANISION:  So, | mean, | don't see your point.
mean, | understand that the dust issue is an issue that has
to do with the question of whether or not deliquescence wll

occur and whether that will generate a locally concentrated
environment. Wiat |'m asking is have they chosen, in your
view, to use the wong environnment to explore this question?

Shoul d they have | ooked at--what should they have | ooked at,
if not 6 nolar chloride?

KING Well, | think the issue here is that under freely
codi ng conditions, oxygen will perneate through these crevice
wal I s, and, so, experinents under those conditions would be
useful .

LATANI SI ON: You woul dn't consider, for exanple, a |lack
of penetration, weld as being a crevice?

KING As | said when | prefaced ny remarks, we're

focusing here on the issue of the dust deposits. Certainly
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there are netal to netal crevices el sewhere on the waste
package, which aren't addressed obviously by that oxygen
permeati on argument .

LATANI SION:  So, would it be of inportance fromthe
perspective of your analysis, collective analysis, to | ook at
wel ded structures or to | ook at aged structures fromthe
poi nt of view of the sane kind of a decision tree that you
| ooked at here?

KING Yes. Again, the argunents about separating the
anodi ¢ and cathodic sites here applies to perneabl e deposits
and crevices formed under those.

LATANI SION: Right, | understand that.

KING And, so, for the crevice that forns on the stand,
bet ween the stand and the waste package itself, we can't use
t hat argunment, and we have to use argunents based on the
chloride to nitrate ratio or the nitrate to chloride ratio,
which is a second reason we believe that |ocalized corrosion
will not initiate under these conditions.

LATANI SI ON:  Lat ani si on, Board.

Understood. But, |'m suggesting that we're tal king
about nore than just a question of dust. | nmean, there may
be other crevices, other origin in a welded structure that
perhaps play a role, too. W've seen in the data that's been
presented by the Center that wel ded structures and aged

structures have a different response in terns of crevice
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corrosion than do mll-annealed materials. So, in terns of
your sense of an experinment, would that be an inportant issue
to | ook at?

KING You nean in terns of |ooking at the--

LATANI SI ON: Wel ded structures.

KING Those neasures have been nade

KESSLER: Maybe we should wait to see what's said
tomorrow, how much this is gone into. M guess is you're
going to get the answer, | don't know what DOE is going to
present tonorrow, but | suspect they're going to cover these

issues, in terns of we were tal ki ng about general criteria
for localized corrosion, and they apply as well to base netal
versus weld affected netal, whatever.

So, | think that our general analysis still holds,
whet her you want to |look at what is the extrene case, and if
you want to do things by trying to be bounding, | see that's
what DOCE has been doing. You know, a lot of their chemstry,
even our argunents here, was okay, we think that we're going
to have a conbined nitrate/sulfate/chloride systemrather
than a pure chloride, but let's set that aside, let's be
boundi ng nmaybe. DOE is doing the sane thing. | see often
that their experinents are driven that way. Does that nean
they're the wong experinents? No, you start there. Those
are the experinments you do first, and you sharpen your penci

as you need to. That's what | see DCE doi ng.
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LATANI SI ON: Lat ani si on, Board.

| just, one last comment, and then | will stop.

"' mjust making the observation that if | took what's shown
right here in the extrene, there would be no need to | ook at
the issue of crevice corrosion. | think that's clearly the
inmplication. Right?

APTED: | think it's absolutely wong in that sense.
Look at the title of our presentation, high tenperature
del i quescent brine. What was your initial, you know, you
setting the scene today, you said the issue is deliquescence
to high tenperature condition. | turn attention to Bobby
Pabal an' s slide Nunber 4. Bobby took a nuch broader view.
He set up those four stages. So, we've been addressing very
much this stage one in our analysis, and | think you said at
t he beginning, the Board' s report in Novenber was focused on
t hat sane peri od.

Al'l right, now your questioning is about these
other tests. Certainly all these other test periods, the
type of test data that's been collected, are very relevant to
those kind of later conditions, tenperatures of 105 to 195,
| ooking at failure of the materials during these other
conditions. So, don't take our analysis too far. W were
pushi ng back exactly on one particular tinme, tenperature
interval, and not across the whole range of issues on

corr osi on.



324

LATANI SI ON: Thank you.

BULLEN: Before | go to Richard Parizek, | noticed
there's sone Morse Code fromthe mcrophone with Mck there.

Did you want to say anything el se before | let it go, or is

t he Morse Code enough?

APTED: No, no.

BULLEN: Ckay. Dr. Parizek?

PARI ZEK:  Pari zek, Board.

In that spirit of just |ooking at the deliquescence

i ssue, I'mlooking at your figures on Page 50 and 50, which
gives really a TSPA type analysis, without the drip shield
and wi thout the container, in order to do that, obviously,
there's a ot of other things involved here beyond just this

position; right? So, John, is this lately run data for this

DCE data, or are these EPRI data? |'mlooking at the two
figures.

KESSLER: These are our nodel using data that we think
are appropriate fromwhatever source. A lot of it is stuff

we got fromthe project that we think is good data, and we'l|
use data fromoutside the project, and the conbination of the
two that are EPRI, TSPA anal yses.
PARI ZEK:  So, Parizek, Board, again.
VWhat's init? | nean it's truly the rocks matter
isinit, I nmean, the rocks are performance. But, then other

t hi ngs about the waste package ot her than corrosion?
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KESSLER: Yes. | nean, the point is is that we're not
assum ng that these waste packages go puff. | nean, they're
still there. W can maybe still have diffusion controlled
rel ease, even though we may have sonme penetrations of the
container. So, when we say failure, what do we nean by
failure? GCkay? W can have a penetration through the
container, we still have a | ot of other processes that work
in favor of mtigating release. And, all those things are
still in the anal yses.

PARI ZEK:  Well, | guess fromthe Board's point of view,
it would be useful for us to have an update, what goes into
all of this. | nmean, it's heartwarm ng on the one hand. On
the other hand, it's beyond the point of deliquescence.

KESSLER: It was in our Decenber 'O03 report.
BULLEN: Bul |l en, Board.

Actually, I think EPRI provided us with anple
quantities of that. | have one of my own. | don't know if
Ri chard has one. | know that the Board does have that
report, so it's available for us to | ook at.

PARI ZEK: Ckay, because | nean just with the "no's", it
goes all the way down to the bottom of the box, and that's
the |l ast couple of "no's" sort of depend on TSPA, part of it,
and that's beyond what we were | ooking at.

KESSLER: Exactly.

PARI ZEK: The other question is for Don. You had like |
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think three things that hel ped reduce or neutralize the
reactions, and one is the role of the nitrate, the sulfate,
and so on, as a way to counteract the adverse effect. Did
you consi der processes that m ght consune, say, the nitrate?
You' ve heard the question about bacterial activity, or
sonmething like that. O, did you just sort of not pay any
attention to that part of it? You obviously have a | ot of
ot her chem stry here that can overwhel mthe acid problem
from what you' ve been show ng us.

LANGVUI R The question has been rai sed why wouldn't the
nitrate be consuned by bacteria, and our feeling is that at
the tenperatures, in fact, there's experinental work on this
that | think Fraser can speak to. But, ny understanding is
that at the tenperatures we're dealing with here, the bugs
aren't active. So, the nitrate will not be consunmed by
nitrate renmoval, by bacteria under these--under repository
conditions. Oher things may get rid of it, but that's not
one.

PARI ZEK: Pari zek, Board. Not necessarily on the waste
package, the tenperatures, but sonme distance into the--beyond
the rock wall, you're going to have a tenperature that's
suitable for bacteria, perhaps.

LANGWII R Yes, you will.

PARI ZEK: So, at least in that part of the story, you

could consune it. And, so, the question is has anybody
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| ooked at the consunption of nitrate at any |ocation?

LANGWU R Well, we have data on nitrate in the
unsaturated zone, and the ground water is noving down through
the zone. W don't know exactly, though, where, if you're in
that profile, you'll find the nitrate decreases a little bit,
bi carbonate goes up, which is consistent with nitrate
reduction. And, the sulfate is dropping just a little bit,
too. But, these changes may reflect differences in
infiltration as a function of tinme. It's not entirely clear
that they represent reactions with depth.

PARI ZEK:  Pari zek, Board, again.

It's water sanples, say, right a neter into the
rock wall, or nearly at the rock surface?

LANGVU R Well, these are USGS sanpl es taken fromthe
unsaturated zone as a function of depth through the whole
profile fromthe surface on down.

PARI ZEK: That's in a drill hole?

LANGVUI R Yes.

PARI ZEK: Not necessarily the repository tunnel?

LANGMU R:  These are centrifugally collected sanples and
squozen sanples from Al Yang and the teamin Denver

PARI ZEK: My point is that it would be nice to have a
wat er sanpl e near the tunnel, say enplacenent drifts exanpl e,
to see whether it's still there.

LANGVMUI R: | think there is such data.
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PARI ZEK: | don't know, |'ve never seen it.

LANGVMU R Froma USGS report froml ast year.

BULLEN:. Fraser, did you want to nake a conment?

KING Yes, | was just going to say that we believe
there is evidence that nitrate is there now, and the only
effect of enplacing these waste packages, which are radiation
sources and heat sources, the latter will dry out and
desiccate the rock, and that's going to preclude m crobi al
activity for sonme distance for sone tine. So, there's no
effect there which is going to further deplete the nitrate.

So, in fact, we have a conservative case now where
we have anbi ent conditions, and those are as good as it's
going to get for mcrobial nitrate depletion.

BULLEN: Ckay. | saw a couple hands in the audience.
Maury, did you want to nmake a comment, or do you want to wait
until public comment, or do you want to address this,

whi chever is nore appropriate? kay, identify yourself,

pl ease.
MORCGENSTEI N:  Maury Mbrgenstein, GM.
Al though | appreciate the fact that we could have a
dust deposit with a precip underneath it, and that precip

m ght be an active one, | would al so--have you | ooked at, for
exanpl e, what m ght happen to dust if it was wetted and you
formed a silcrete or calcrete, or a gypsum halide deposit

encapsul ating the dust particles? Wich is probably much



© 00 N oo o B~ w N P

N N NN B R R R R R R R R
W N P O © N O U~ W N R O

24
25

329

nore likely if you consider a dripping environnent on the
waste surface? Dry dust with a deposit underneath it sounds
like it's an extrene condition.

KING Fraser King.

| assune you're making argunents about the

perneability of such crusts?

MORGENSTEI N.  Oxygen production, yeah.

KING Production or perneation?

MORGENSTEI N:  Per nmeati on.

KING Perneation. So, the answer to your question is
no, we haven't considered that. | think our answer woul d be,
t hough, that we have such a huge difference in the, three to

six orders of magnitude difference between the rate of
consunption and the rate of pernmeation, that we can't
conceive of a deposit that would have three to six orders of
magni tude | ower porosity. And, so, | think the sane

argunents apply. The margin nmay be smaller, but I think the

same argunents still apply.

MORGENSTEI N:  Well, |let ne backtrack. Maybe you
m sunderstand ne. If we're dealing with a silcrete, your
pernmeability on that silcrete would start to approxinmate the

perneability on the netal.
KING In which case?
MORGENSTEIN:  You'd be | ooking at a crevice.

KING Yes. So, in that case, if the oxygen perneation
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is going to go down by nore than six orders of magnitude,
then it mght be possible to cause a differential in aeration
zone.

MORGENSTEI N.  Okay. | propose that that would be a nore
normal situation than what you guys--

KING | think Don is going to answer that.

LANGVU R 1'd like to comment here. [|f you' re asking
for what represents a few percent of the total dust to
encapsul ate the whole thing, | don't see it happening.

You're tal king about |ess than 10 per cent, maybe 5 per cent

in the case of w nd-blown dust, of salts, and that has to
sonmehow fill all the void spaces in the other 95 per cent and
create an inperneable value. | don't see it physically
happeni ng.

MORGENSTEIN:  No, okay, if you're dripping on a hot
nmetal surface that has dust on it, and you forma deposit

underneath that dust, and you react that salt with the netal
this is what you're proposing. Wat |'mproposing is that's
a unique situation that probably will not occur. What wll
probably occur is that you will precipitate a solid that w |
encapsul ate that dust, and that solid will be sone
conmbination of a silcrete or a calcrete or a gypsumand a
halite conbi nati on, which enconpasses the nost--the |east
soluble ions in the water. And, this is what we normally

woul d see, for exanple, in a fracture that had evaporation.
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This is what we normally see at Yucca Mouuntain. Wy would we
not see sonething normal in your case?

LANGVMU R:  So, what you're saying is that the fracture
wal l's are totally inperneable, Maury, is that what you're
sayi ng?

MORGENSTEI N.  Many of themare, yes. WlIl, not totally,
but yes, nuch nore so than dust sitting there with void
space.

LANGVMU R That's not ny understand, but maybe DOE can
provi de sonme information. You're also, Maury, talking about
a period that's not within the 100 year--1"msorry--the 100
degree thermal period. You're talking about sonething after
that. |If you're going to have dripping on the system we've
gone beyond the period we focused on.

MORGENSTEIN:  No, | totally disagree. 1 think you have
dri pping on the system as soon as you have closure. |If you
have a climte event which produces enough water to give you-
-in a fracture that focuses, you will have dripping. And,

you can have dripping at thermal peak. W discussed this

earlier.
BULLEN: Last call for other questions fromthe
audi ence. Dr. Shoesmth, you get the |ast word, and then we

have public coment, led by Dr. Duquette.
SHOESM TH: Davi d Shoesmith, consultant to Bechtel.

| just wanted to address that |ast point and what
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the significance of being able to say that the dust can
initiate |localized corrosion is.
Dust cannot be the source of the initiation of
| ocalized corrosion and the drip shield cones back as a
barrier. |If the dust can bypass the drip shield, then the
drip shield is not a barrier. That's a big feature of this
repository. So, the drip shield beconmes nmuch | ess
significant if it is the only source by which you can produce
the corrosive environnent that may start |ocalized corrosion
If you can't do it with the dust, then the drip shield is a
good barrier
BULLEN. Well, | want to thank all the presenters. 1'd
like to thank the EPRI team for being patient and being |ast,
and I will turn the nmeeting over to Dr. Duquette.
DUQUETTE: Yes, Duquette, Board.
We have two people who want to make comments on the
public presentation. The first is M. Ceary. And, if M.
Cleary is here, he can either use the podiumor the
m crophone here at the front of the room
Apparently, M. Ceary decided that the cocktai
hour was nore inportant than his coment.
The second presenter is Mark Peters.
PETERS. Mark Peters. OCh, believe ne, I'mnot going to
stand in the way of beer. This is going to be very, very,

very brief.
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| wanted to make a very brief comment for the

inline with the cooments and questions fromthe

Board related to the State of Nevada experinents earlier

wanted to nmake it very clear that DOE' s position is that

t heir experinments are not

that tonorrow from our scientists. But, again, not

That concludes this afternoon's neeting.

in a repository.
representative of what will happen.
Thank you.
DUQUETTE: Thank you, Mark.
you all at 8 o'clock tonmorrow norning.
(Wher eupon,

t he meeting was adj ourned.)

Ve' | |
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representati ve of what woul d happen

And, you're going to hear a | ot nore about

see
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