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8:00 a. m
COHON: Good nmorning. M nane is Jared Cohon. |'mthe
Chai rman of the Nucl ear Waste Technical Revi ew Board, and
it's ny pleasure to welcone you all to this neeting of our
Boar d.

Before | talk about the neeting itself, I'm going
to give you sonme background on the Board, and introduce the
menbers of the Board and sone special guests that we have
wi th us today.

In 1982, Congress enacted the Nucl ear Waste Policy
Act, which, anmong other things, created the Ofice of
C vilian Radi oactive Waste Managenent, or OCRWM w thin the
U S. Departnent of Energy. The Act charged OCCRWM with
devel opi ng repositories for the final disposal of the
nation's spent nucl ear fuel and high-level radioactive wastes
from reprocessing.

Five years later, in 1987, Congress anended the Act
to focus OCRWM s activities on the characterization of a
single candidate site for final disposal, Yucca Muntain, on
the western edge of the Nevada Test Site, about 100 m | es
north of here.

In those sane anendnents in 1987, Congress created



t he Nucl ear Waste Techni cal Review Board as an i ndependent
federal agency for reviewing the technical and scientific
validity of OCRWM s activities. The full Board generally
nmeets three or four tinmes a year, usually in Nevada, and nost
often in Las Vegas. The Board is required to periodically
furnish its findings, as well as its concl usions and
recommendations, to Congress and to the Secretary of the
Department of Energy. W do this in Congressional testinony
and through our reports.

As specified by the 1987 Act, the President of the
United States appoints Board nenbers froma |list of nom nees
subm tted by the National Acadeny of Sciences. The Act al so
requires the Board to be a highly nmulti-disciplinary group

wi th areas of expertise covering all aspects of nuclear waste

managenent .

Before | introduce the nenbers to you, | want to
enphasi ze a couple of things in what | just said. First, in
its wisdom | believe, when Congress created this Board in
1987, it did so to create an independent federal agency. W

are not part of DOE, and we're not part of any other federal
organi zation or departnent. W are independent.

Secondly, our focus is on the science and technical
aspect of OCCRWM s activities. W are not a policy making
body. W do not deal with policy. W do not approve the

sites or approve anything that DOE does. W don't issue a



license the way NRC may. Rather. through our advice and
reaction to what DOE does, we influence, provide confidence
for, where it's called for, in DOE's prograns. So, we're

i ndependent, and our focus is on science and technol ogy.

Now, |et nme introduce the nenbers of the Board to
you. And, in doing so, let ne rem nd you that all of us
serve on the Board in a part-tinme capacity. This is not our
full-time jobs. In ny case, |I'mpresident of Carnegie-Mllon
University in Pittsburgh, Pennsylvania. M technical
expertise is in environnental systens analysis and especially

wat er resources.

Now | ' m going to introduce each nmenber in turn, and
when | do, I'll ask themto sort of raise their hands. John
Arendt is a chem cal engineer by training. After retiring

froma |long and di stingui shed career at Oak R dge Nati ona
Laboratory, John formed his own conmpany. He specializes in
many aspects of the nuclear fuel cycle, including standards
and transportation. John chairs the Board's Panel on Waste
Managenment Systens.

And here let ne point out the Board maintains five

panels |i ke subcommttee's, through which we pursue specific

issues. And as | introduce the nenbers, those who chair one
or nore of those panels, I will point out.

Daniel Bullen is an associ ate professor of
Mechani cal Engineering at lowa State University, where he
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al so coordi nates the nucl ear engineering program Dan's
areas of expertise include nuclear waste managenent,

per formance assessnent nodeling, and materials science. Dan
chairs two of our panels, the Panel on Perfornmance Assessnent
and the Panel on the Repository.

Nor man Chri stensen recently stepped down after
serving for ten years as Dean of the Ni cholas School of
Envi ronnment at Duke University. That's why he's smling, by
t he way, because he recently stepped down. He continues to
serve as a nenber of the faculty at Duke, and his areas of
expertise include biology and ecol ogy.

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

Debra Knopman is a senior engineer at RAND
Corporation in Arlington, Virginia. Her area of expertise is
groundwat er hydrol ogy, and she chairs the Board's Panel on
Site Characterization

Priscilla Nelson is Director of the Division of
G vil and Mechanical Systens in the Directorate of
Engi neering at the National Science Foundation. Her
expertise is in geotechnical engineering.

Ri chard Parizek is professor of hydrol ogic sciences

at Penn State University and an expert in hydrogeol ogy and
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envi ronment al geol ogy.

Donal d Runnells is professor enmeritus in the
Depart ment of Ceol ogi cal Sciences at the University of
Col orado at Boulder. He's also a technical consultant to
Shepherd MIler, Inc., a firmproviding environnmental and
engi neering consultation primarily to the mning industry
and, as well, to governnent agencies and other concerns. His
expertise is in geochemstry.

Al berto Saglés is Distinguished University

Professor in the Departnent of Cvil and Environnent al
Engi neering at the University of South Florida in Tanpa.
He's an expert in materials engineering and corrosion, wth
particul ar enphasis on behavior of steel in concrete and
infrastructure durability.

Jeffrey Wong is Deputy Director for Science,
Pol I uti on Prevention and Technol ogy in the Departnent of
Toxi ¢ Substances Control of the California Environnental
Protection Agency. He is a pharnmacol ogi st and toxi col ogi st
wi th extensive experience and expertise in risk assessnent
and scientific team managenent. Jeff chairs our Panel on
Envi ronnment, Regul ations and Quality Assurance.

Those are our menbers. The Board is supported by a
superb technical and adm nistrative staff who are sitting in
the second and third rows over there. Bill Barnard is the

executive director of the Board. Unli ke the nenbers who are
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part-tinme, the staff serve in a full-tinme capacity.

You' ve probably met them already. Unfortunately,
they're not in the room But you know who I'mtal ki ng about
when | say Linda H att and Linda Coultry are sitting just
outside the door at the desk out there. They're the two
har d-wor ki ng staff menbers who are responsible for al
nmeeti ng arrangenents and |logistics. |If you have questions
about the neeting, one of the Lindas will be happy to answer
t hose questions for you, or they'll find soneone who can.

At this neeting, we have invited three consultants
to assist the Board in its review of igneous activity.
Wlliam Melson. | will nention them They'll be introduced
again later in the neeting, in any event. Qur three
consultants are WIlIliam Mel son of the Smthsonian
I nstitution; Meghan Morrissey of Col orado School of M nes;
and Clarence Allen, eneritus professor at Cal Tech and a
former nmenber of this Board. The consultants, as | said,

will join us | ater when we focus on igneous activity, and

we'll give thema nore proper introduction at that tine.
On behalf of the Board, | amvery pleased to
wel conme two honored guests fromthe Swedi sh National Counci

for Nuclear Waste, also known by its acronym KASAM KASAM

is areview organi zation with responsibilities simlar to the
Board's, to this Board's. In 1989, our two organizations
entered into an informal agreenent to exchange information--a
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rel ati onship that continues today.

Cam || a Gdhnoff has chaired KASAM since 1985. She
hol ds a doctorate in plant physiol ogy and has taught and
conducted research at notable institutions around the world.

She entered Swedish politics in 1967 and served as governor
of Bl ekinge, a province in the eastern part of Sweden, for
al nost 20 years. Dr. CGdhnoff's many acconplishnents were
recogni zed earlier this year when she received an Honorary
Doctorate fromthe University of Paris, a great honor.

Nils Rydell received a degree in Technical Physics
fromthe Royal Institute of Technol ogy. He spent over 20
years in the nuclear industry, culmnating in the position of
proj ect manager for Sweden's first commercial nucl ear power
plant. Since 1976, he has worked in many different
capacities in research and devel opnent related to nucl ear
wast e, including posts with the International Atom c Energy
Agency and the Nucl ear Energy Agency of the OECD, the
Organi zation for Econom c Cooperation and Devel opnent, in
Eur ope.

We're very pleased that you can both be with us for
this neeting.

Let me turn now to the agenda for this neeting.
Copi es of the agenda are avail able on the table outside.

That indicates the subjects we'll be covering and the tines

allotted to each of the topics, and we encourage you to
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fol |l ow al ong.

At first glance, the agenda m ght appear to be
sonet hing of a grab-bag, and that's probably correct, and
it's for good reason. This is the |ast neeting of this Board
before the schedul ed deci sion by the DOE whether to recomrend
devel opnent of a repository at Yucca Muwuntain. As a result,
there are many topics we want to review before that decision
is made.

There are, however, three broad thenes that unite
many of the presentations on our agenda. The first thene of
the meeting is a collection of updates on the program As is
our custom at our neetings, we will hear about the overal
status of the program and updates on on-going scientific
st udi es.

This afternoon, we will also hear reports on peer
reviews on the Programs work in three inportant scientific
and technical areas. W wll also be updated on Nye County's
drilling program

The second broad thene is docunentation of
information to support or evaluate a possible site
reconmendati on. Tonmorrow, the Environnmental Protection
Agency will tell us about the recently finalized standards
that woul d serve as the acceptance criteria for a Yucca
Mountain repository, if one is reconmended.

Then, we will hear about plans to address the
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Nucl ear Regul atory Conm ssion's Key Technical |ssues. W
will also hear about the Prelimnary Site Suitability
Eval uation, the PSSE, and supporting docunents, including the
Suppl ement al Sci ence and Performance Anal yses, SSPA.

Sonme of you m ght have noticed that there are no
presentations on the agenda dealing with the Nucl ear
Regul atory Comm ssion's licensing criterias for a Yucca
Mountain repository, or DOE' s siting guidelines. W hoped to
have separate presentations on those subjects, but work on
t hose docunents has not yet been conpl et ed.

The third broad thene of the neeting is potenti al

repository performance issues. W have schedul ed a session

on igneous activity on Wednesday norning. |In addition,
several tinmes throughout the neeting, we'll be hearing about
ot her potential issues, including groundwater flow and netals

performance in a Yucca Muuntain environnent. W have al so
i ncl uded several opportunities for representatives of the
State of Nevada to discuss their work in areas that could
affect a suitability decision.

Finally, let ne tell you about sone aspects of how
we w Il conduct this nmeeting. First, it's inportant that |
of fer a disclainmer so that everybody in the audi ence
under st ands what you're heari ng when Board nenbers speak, and
the significance of what they say. This does not go to the

content or substance of what they say, but rather a
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procedural point.

Qur neetings are spontaneous by design. That is,
the reactions of Board nenbers to presentations, the
guestions they ask are not in any way scripted or determ ned
i n advance. Those of you who have attended our neetings
before know that the nenbers of the Board do not hesitate to
speak their mnds. The inportant point is that you
understand that that's just exactly what they are doing.
They are speaking their mnds. They are not speaking on

behal f of the Board. Wen we are articulating a Board

position, we'll let you know.
An inportant feature of this neeting, and all of
our neetings, is the opportunity for the public to nake

comments and to ask questions. W try to provide as nmany
opportunities as possible for the public to participate in
our neetings. W have an unusually |arge nunmber of such
opportunities at this neeting. Public comrent periods are
schedul ed at the end of each hal f-day session, but we would
prefer that if you can you hold your comrents until the end
of the day. The m d-day conment periods are primrily for
t hose who cannot stay until the end of the day's session.
However, even if you are not required to | eave, but
you feel that your comment would be nore tinmely at m d-day,
by all neans speak up and we'll be happy to include you if we

can.
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Those wanting to conmment should sign the Public
Comment Regi ster at the check-in table outside where the
Lindas are sitting, and they'll be happy to assist you in
signing up and to prepare you to comrent publicly when the
time arises.

Let me point out, and I'll say it again |ater, that
dependi ng on the nunber of people signing up, we may have to
set atine limt on individual remarks.

As an additional opportunity to question or to
comment, you can give a witten question to either Linda
during the neeting, during the neeting itself. W'Il nmake
every effort to ask the question or read the comment into the
record, as appropriate. In other words, the Chair of the
neeting at that tinme will raise the question or offer the
comment at the appropriate time rather than waiting for the
public conment period. But we'll only do that if tine
allows. We have a very tight agenda, and it may be necessary
for us to defer those witten questions or comments until the
publ i c conment peri ods.

In addition to witten questions to be asked by us
during the neeting, we always welconme witten coments for
the record. Those of you who prefer not to make oral
comments or to ask questions during the neeting, or if you
have sonething particularly long to add to the record, you

can choose this route at any tinme. W strongly encourage you



© 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

16

to choose this route if you have a |l engthy statenent for the
record. Again, just submt the witten comments to either
Linda, and they will be happy to nake sure the materials is
handl ed appropriately.

Tonmorrow norning, we will provide yet another
opportunity for public interaction. Starting at 7:15 in this
room 7:15 in the norning, we will serve up coffee, donuts,
and the Board to any nenbers of the public who would Iike an
opportunity to express their views or just have an inforna

conversation with a Board nenber. W have found previous

interactions of this type to be very useful, and we hope
you'll be able to join us. That's tonorrow norning at 7:15
in this room

Finally, in closing, let nme repeat what | said
earlier. This is the last neeting of this Board before the

schedul ed deci sion by DOE on whether to recommend devel opnent
of a repository at Yucca Mountain. As a result, this is an
especially tinely neeting, and we have a very full agenda.

We hope that the information presented during the next two
and a half days will be as informative for those of you in

t he audi ence as we expect it to be for the Board.

Now, with those prelimnaries out of the way, let's
get into our agenda. It's ny pleasure to introduce to you
Lake Barrett, the Acting Director of OCRWM Lake?

BARRETT: Thank you, Chairnman Cohon. Good norning,



© 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

17

Menbers of the Board. It's nmy pleasure to be here this
norning to provide you an update on the status of the
Program

There have been a nunber of significant
devel opments and m | estones since your neeting |ast Muy.
Just prior to that neeting, Secretary Abrahaminitiated the
formal site consideration process with the rel ease of the
Yucca Mountain Science and Engi neering Report. In ny remarks
at that neeting, | noted that we woul d rel ease severa
addi ti onal docunents during the sunmer. W have since
conpl eted that effort.

In July, we published Volunes 1 nd 2 of the
Suppl ement al Sci ence and Performance Anal yses. On August
21st, we released the Prelimnary Site Suitability
Evaluation. Wth the release of the Prelimnary Site
Suitability Evaluation, the Departnent announced the schedul e
for public hearings in Nevada to receive conments on whet her

or not the Secretary should recomrend the Yucca Muntain

site.

The first public hearing was held here in Las Vegas
| ast Wednesday. This hearing was video conferenced
si mul taneously to Reno, Carson Cty and El ko, and br oadcast

live over the internet to all interested parties. The
hearing was al so video conferenced fromthe Senate, allow ng

the Nevada's entire congressional delegation to contribute
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their views.

Anot her hearing is scheduled for this Wdnesday in
Amargosa Valley, and the final hearing will be held this
Thursday in Pahrunp. In addition to the schedule for public
heari ngs, on August 21st, the Departnent announced the
ongoi ng public coment period, which began on May 4th, would
extend until Septenber 20th. Subsequently, on Septenber 5th,
the Secretary extended the comment period an additional 15
days, until October 5, 2001. The coments received during
t hese hearings, as well as those submtted in other fornmns,
will be an inportant part of the site consideration process.

Over the next several nonths, the Secretary wll
carefully consider a |large body of scientific information, as
well as views fromthe public, in deciding whether or not to
recommend the site. While conmtted to nmaking progress, the
Secretary has also conmtted to ensuring that sound science
governs each deci si on.

The public's views on the validity of our work are
important in any decision by the Secretary. To encourage
public participation in that process, the Departnent has sent
a letter to governnent officials and nenbers of the public
whose interest in commenting we had anticipated. This letter
includes a list of suggested topics for public consideration
regardi ng a possible site recommendation. The list is not

intended to be conprehensive, nor is it intended to inhibit
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the public fromcomenting on any relevant issue related to a
possi bl e recommendation of the site. W also published a
copy of that letter in the Federal Register.

Last year, the Board identified its priorities for
i nprovenents in our technical prograns. |In response to the
concerns of the Board, we have conpl eted a substantial body
of technical work on the four areas that you reconmmended.
The status of these efforts were presented at the Board's
Panel neeting in June. The feedback we received during that
nmeeting is being strongly considered in the devel opnent of
our work plans for FY 02 and beyond. W |ook forward to
receiving further comments fromthe Board regarding its
revi ew of those docunents that we have published.

The anal yses supporting the Yucca Muntain Science
and Engi neering Report were based on a flexible design that
coul d operate over a range of tenperatures, with the primry
anal ysis and a node that allowed the drift wall tenperatures
to exceed boiling after closure. This design and associ at ed
anal yses were used as the basis for the Anal ysis and Mdel
Reports supporting the Total System Performance Assessnent.

Over the past several years, the Board and ot her
peer revi ew panel s have rai sed good questions regarding the
quantification of uncertainties associated with coupled
processes caused by the thermal pulse. Concerns have al so

been raised that certain corrosion processes may be
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accel erated at higher tenperatures, and that these processes
could introduce additional uncertainties. To respond to

t hese concerns, we performance anal yses to denonstrate the
ability to operate the existing design concept over a range
of tenperatures by varying operational paraneters such as
ventilation, waste package capacity, and waste package
spacing. By adjusting these paraneters, the inpact of the

t hermal pul se can be nanaged to nmaintain rock tenperatures
and wast e package tenperatures at |evels that may reduce
uncertainties.

Wil e conpleting these anal yses, the Program has
been evaluating options for a path forward with regard to the
fl exi bl e design concept. The goal of this effort is to
refine our approach toward devel oping a |icense application
with a sufficient technical basis, while bal anci ng broader
programmati c constraints. These constraints include schedul e
expectations for both submtting a |icense application and
recei ving waste, should the site be designated, and the

[imtations in available funds based on the level of likely

appropriations as well as the tine lag in the appropriation
process.

We believe the needs of the Nation nay best be net
by preserving the ability to select, froma broad therm

range, a design for repository licensing and initial

operations. Preserving this ability, however, may require
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testing and anal ytical efforts to support production of
license quality docunentation for the |ower end of the
thermal range. This docunmentation would suppl enment the

anal ysis for the upper end of the thermal range, and the
techni cal and programmatic i nformation devel oped woul d be
used to further support the lower end of the thermal range in
a potential |icense application.

Accordingly, we have directed technical direction
to Bechtel -SAIC Corporation to begin evaluating this work so
that the overall cost and schedule inpacts of this effort can
be fully understood. Qur 2002 budget, which at this point is
very uncertain, will strongly influence our ability to on
when to inplement this work. We will evaluate these cost and
schedul e inpacts in light of these broader programmatic
constraints and make decisions regarding the schedule for the
i npl ementation of the technical work. The main issue to ne
is not doing the work, but it's the timng on when we wll be
able to do that work. We will| keep you informed on our
progress and the decisions on this inportant topic.

As | have noted, the Program s Fiscal Year 2002
budget is a very key concern. The President's Budget Request
was $445 million for the Program Over the summer, both
Houses of Congress have considered the budget request, and
each has taken decidedly different action on our budget

request. The House mark was $443 million, very close to the



© 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

President's request.

The Senate mark, however, was $275 million, which
is far below the funding level that is needed to maintain the
Program s schedul e and monmentum toward fulfilling the
governnment's | egal obligation to manage and di spose of spent
nucl ear fuel and radioactive high-level waste. |n addition,
the Senate mark al so contai ned | anguage concerning the
Program directi on accounts, which if we were ever to attenpt

to do what was requested, we'd basically have to lay off the

entire federal staff. |'ve assured federal staff that that
is a very unlikely scenario. But this is just sone of the
uncertainties that we have to deal with

The Senate mark, however, is tenpered by a
manager's anmendnent that contains a "Sense of the Senate"
st at ement suggesting that a funding | evel nore consistent
with the Adm nistration's request should be worked out in
conference. The conference on the appropriations bill is
expected late this nmonth, or possibly even early Cctober.
This continues an uncertainty which is very difficult for us
to manage within the program W |ook forward to having sone
national resolution on this very inportant matter

Shoul d the actual appropriation reflect the Senate
mark, the Site Recommendati on would be very nuch in jeopardy,
because the technical work to address the Board's issues and

t he Nucl ear Regul atory Comm ssion's KTl issues would have to
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be deferred for sone substantial period of tine.

We recogni ze that our commtnents toward addressing
t hese concerns are central to the Conm ssion's views and your
vi ews concerning the site recommendation process. The
schedul e for other key m | estones, such as the |icense
application and recei pt of waste, would slip indefinitely
while a new programis structured with a totally different
funding | evel.

Al t hough the main points of focus have been a
possi bl e site recomendati on and t he budget issues, there are
ot her issues going on within the Programthat | would like to
mention to you. The Nucl ear Regul atory Conm ssion | ast
Friday in a vote voted to affirmthe final regulations for a
possi bl e repository at Yucca Mountain with 10 CFR 63. This
will bring the NRC regul ations into conformance with the
EPA's 40 CFR 197 standards, which include the drinking water
standard. This is an inportant step in the regulatory
structure toward a possible site recomendation. W wl|
follow as quickly as we can behind the Nucl ear Regul atory
Comm ssion with our own site and guideline revisions, 10 CFR
963.

Also on the NRC front, | believe it's inportant for
you to know that the NRC has been extrenely aggressive and
critical of the Programconcerning our difficulties in

i npl ementing the NRC required quality assurance disciplines
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and docunentation in our Yucca Muntain technical progress.

Last sumrer, we started a programinitiative to
transition into a potential |icense application devel opnent
nucl ear organi zati on. However, we were unable to nmake as
much progress in that area as | had hoped. Just after this
initiative started |last year, we had to shift our primary
focus to strengthen the technical basis for the SR deci sion,
and deferred sonme of the infrastructure nmanagenent

i nprovenents that we had tried to acconplish

We have restructured and re-invigorated both the
Bechtel and the DOE prograns to establish the necessary
attributes required to be a potential |icensee before the
Nucl ear Regul atory Conm ssion. W described this programin

detail to the Nuclear Regulatory Comm ssion staff in two very
i ntense open to the public neetings |ast Thursday and Fri day.
Your staff was in attendance for nost of those neetings.

The actual length of those two neetings totalled over 13
hours | ast week.

Also on the legal front, 1'd Iike to nention sone
areas that happened there. This is a very conplex and tine
consum ng area also. There are 17 damage | awsuits that our
Programis now bei ng del uged by court nmandated
interrogatories and di scovery requests considering fuel
recei pt and al so regardi ng our contractual obligations.

There will also be a very inportant oral argunent on Decenber
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5th before the Eleventh Grcuit Court of Appeals, where
Al abama Power, et al clainmed that we did not have the
authority to settle the Pico agreenent with an adjustnent of
charge. They claimthat the reduction of paynents by Pico
into the waste fund increases the possibility that they may
have a fee increase if the current waste fund cannot support
the total life cycle systemcosts for the program

| would al so nmention that the General Accounting
Ofice is performng a very in depth inquiry into our
schedul e, work, scope and control processes, with enphasis on
controlling the total systemlife cycle costs and our ability
to achieve the 2010 fuel receipt goal. And also the DOE
| nspector General is currently evaluating our spent fuel
acceptance technical interfaces with the utility contract
hol ders, and separately investigating, at the request of the
Nevada Del egation, a conflict of interest allegation against
our licensing | egal support contractor. But all of these
other areas I'mtrying very nmuch to isolate the project
technical work fromthis, so the project's primary focus is
and remai ns establishing a sufficient technical basis for the
decisions that are at hand before us.

| should also nmention that |ast week, we sent a
fairly inportant report to Congress, that has the alternate
nmeans of finding and managing this program This was

requested by Congress |last year, and it was forwarded to the
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Congress by the Secretary | ast Wednesday. | expect we wll
have copies of it available for the Board tonorrow here, not
the technical issues, but managerial and financial.

Now, | would like to turn toward repository
devel opment strategies. As we approach the Secretari al
deci si on on whether or not to recomend the site, the
Depart ment and ot her organi zati ons are evaluating refinenents
to the longstanding strategies for repository devel opnent.

For exanple, during the National Research Counci
Board on Radi oactive Waste Managenent's internationa
wor kshop in 1999 on geol ogi ¢ disposal, the concepts of
reversibility and staged repository devel opnent received
consi derable attention. The term"repository staging"
descri bes a process by which decisions concerning repository
desi gn, devel opnent, operation and possible closure are nmade
in a stepwi se and potentially reversible fashion, with
adequat e techni cal bases for each step.

The decision to proceed at each step in the process
is made commensurate with the | evel of technical and policy
understanding that is available at that tinme, and in a manner
that allows for subsequent reversibility if that is necessary
froma societal perspective. The Departnent believes that
this approach may have significant benefits, including the
opportunity for continuous |earning and inprovenent over the

life of the Program
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Concepts involved a repository stagi ng strategy.
However, this concept is not well understood in an
operational sense. To advance this understanding, we have
contracted with the National Research Council for advice on
desi gn and operational strategies associated with the concept
of a staged geologic repository facility. Last week, the
Nati onal Research Council held a workshop in Washi ngton on
this topic. W expect an interimreport fromthis panel |ate
this year, and a final report next year.

In March of 1996, this Board issued a report
focused on the bal ance between storage and di sposal of
commerci al nuclear fuel. The inpetus of that report cane
from |l egislative proposals which woul d have effectively
deferred the devel opnment of a repository in favor of central
interimstorage, thereby shifting the national policy focus
from permanent di sposal to tenporary storage.

After review ng dozens of technical and non-
techni cal issues, the Board at that tine concluded that
al t hough there was no conpel ling technical reason for noving
fuel to a centralized facility during the 1990s, that federal
interimstorage capacity would be needed late in this decade.

The Board's report al so enphasi zed the need for a
bal ance between the efforts ained at permanent di sposal and
those associated with tinely acceptance of commercial spent

fuel. You further recommended that consi derati on and
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devel opnent of spent fuel acceptance and storage capabilities
await the decision on the suitability of the Yucca Mountain
Site. The Board is aware that that decision is near.

| am al so sure you are aware that strong
constituencies, including the entire Nevada Del egati on,
believe that spent fuel should stay stored at reactor sites,
and that our budget authority should be shifted to research
on accelerated transportation of wastes. Ohers claimthat
there will never be a sufficient technical basis for Yucca
Mount ai n, or any other repository, and that our program
shoul d be abol i shed.

Therefore, | expect a renewed debate regarding
strategi es for devel oping the Yucca Mouuntain facility, and
also with the option of a redirection of the policies set out
in the Nuclear Waste Policy Act. Decisions which this Board
will be an inportant part of will bal ance the technical,
programmatic, institutional and fiscal requirenents that are
facing this nation and the entire globe in the post-cold war
environment that we find ourselves in. |'msure you are
awar e of devel opnents within the Russian Federation regarding
t he | aw changes on high | evel waste, and the virtual recent
col | apse of the German repository program

On a related subject, the Departnent has received a
proposal for a study by the National Acadeny of Sciences to

exam ne the |long-termsurface storage of civilian spent fuel



© 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

29

and defense wastes. The Acadeny has proposed a careful

anal ysis of the technical, institutional, econom c and policy
di mensi ons of the conplex issues of surface disposition. W
presently have that request under study.

Shoul d we decide to fund that study, | expect the
Board's 1996 report, as well as current deliberations, wll
be considered and be an inportant part of any such study.
This study would also add to the work that we did on the
Draft Environnental |npact Statenment on the no action
alternative, where we evaluated in a crude sense the
envi ronment al inpacts of perpetual surface storage of spent
fuel at its existing |ocations.

We and you have net dozens of times over the past
decade, and throughout those neetings, we have described our
pl ans for characterizing the Yucca Mountain site and
evaluating its suitability for devel opnent as a repository.
The Program has made consi derabl e progress and conducted what
| believe is a world-class investigative science programto
det erm ne whether or not the Yucca Mountain site is suitable
for devel opnment as a nuclear fuel facility.

Despite these enornous chal |l enges, we have
mai nt ai ned essential nmonmentumto inplenent the nation's
policy for the responsibl e managenment of spent nucl ear fuel
and high-level waste, and we are now reachi ng key deci sion

points. W |look forward to receiving your comrents on our
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wor k and your views on the sufficiency of the work that we
have done to support the decisions at hand.

Throughout this process, your constructive feedback
on our activities has been instrunental to provide decision-
makers and ourselves with an i ndependent perspective on the
techni cal basis for decisions regardi ng geol ogi c disposal. |
bel i eve your recommendati ons have led to a further
strengt heni ng of our technical program especially in
i nfluencing the evolutionary, stepw se design process.

The stepwi se devel opnent of a geol ogical repository
facility, with design and operational flexibility and
reversibility, coupled with continuous |earning feedback
| oops, could be extrenely inportant for a first of a kind
program like this.

Looki ng ahead, | believe stepw se devel opnent
provi des a soci etal approach for accommobdating uncertainties
i n decision-maki ng wi thout foreclosing designs and
oper ati onal approaches that could provide superior protection
for the public health and safety and the environnent.
encourage the Board to consider this critical issue in the
com ng year, and |look forward to your input on the work that
we' ve been doi ng.

| thank you for your past and future contributions,
and would like to entertain any questions you have for ne

now, or | intend to remain here through the entire two and a
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hal f days, at any tine you w sh.

COHON: Thank you, M. Barrett. Paul Craig?

CRAIG Lake, in Jerry's initial remarks, he noted that
the Board is concerned with scientific and technical aspects
of Yucca Mountain. And, in ny view, this includes the
accuracy of DOE s conmmunication with the public.

This question relates to instances where the DOE
provides incorrect information to the public. It occurred
recently that ny |ocal newspaper had a report in which a
proj ect spokesperson gave information that was inconsistent
wi th what we've heard here, specifically that there was--that
t he measurements on C-22 were incorrect, and there were sone
rates of notion of water through the Uz, which orders of
magni t ude bel ow the reports that we've heard here.

Now, what 1'd like to understand is what is DOE s
policy with respect to errors of science and technol ogy that
are made to the public and to the press, or your policy with
respect to correcting errors when they cone to your
attention.

BARRETT: Qur intention is not to nmake errors. W're
human. |If we make errors, as soon as we find out about them
we try to rectify and correct them \When it cones to reports
in the press, that is a challenge. |If it's an error that we
honestly nade, either honestly or dishonestly, | don't

beli eve we've nmade any di shonest, if we ever nmade an error,
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we wll correct it as soon as it's aware. If there is
sonet hing you have, if | can have the facts onit, I wll try
to deal with it, and, you know, give it to the editor or
errata sheet or whatever the case may be.

CRAIG It would be helpful. In this particular
i nstance, there were direct quotations, so it was not a
guestion of m sinterpretation.

BARRETT: Well, if it's a--let us have the facts, and we
certainly would Iike to rectify that. W do not want to have

the public to have any nore m sinformation than they already

get .
CRAIG It would help the credibility of the agency.
BARRETT: Pl ease point out those to us, and we will deal
with those, you know, as quickly as we can if we nade errors.

COHON: It's certainly an inportant point, but it's a
new t hought to think of the nedia as infallible, as getting
guot ations correct. Dan Bullen?

BULLEN: Bul |l en, Board.

Lake, | wanted to kind of followup a little bit on
your comrents with respect to the evaluation of the | ower end
of the thermal |oading, and your direction to BSC to kind of
come up with a plan and a tine table for that work. And |
guess | wanted to ask specifically with respect to the
integration of that work with sort of the revision of the QA

i ssues that you have with the Nucl ear Regul atory Conm ssi on,
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are those coupled issues? Basically, when you go back and
take a I ook at the AMRs and PMRs to resolve those QA issues
with the NRC, is that a prinme opportunity for you to then go
ahead and fill in the needed areas of information for those
AVRs and PVRs for the | ow tenperature operating node?
BARRETT: What we're trying to do is integrate these
together. Yes, there's opportunity where that can go
together. W first ask what are our avail able resources and
what is the national direction regarding this programin our
2002 work. \Whatever nonies we have available in 2002, we
want to make the best we can in the bal ance program
bal anci ng the nucl ear discipline that the NRC requires of the
potential |icensee, coupled with, you know, this date, the
art and science that this Board has pushed. So, we're trying
to get these balanced. |If there are synergisns in those, we

will certainly do so. But, right now, we've asked Bechtel to

ook at this, integrate it together, and let's give us
options and then we'll evaluate this all as soon as the
budget becones clear to go forward.

BULLEN: Thank you. Just one nore quick little
question. One of the issues that sort of engenders a little
bit nmore confidence in the public is that if you do later on
find a fatal flaw, do you have an exit strategy. And so
woul d the hope be that you'd have to take a look at this

st epwi se approach and then at sone point along the way,
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evaluate it with criteria to determ ne whether or not you
proceed, and at what point you decide to proceed, or decide
not to proceed? Are those kinds of things that the NAS is
going to evaluate for you?

BARRETT: Yes. A lot of that is already in the basic
aspects of the Act as it exists. For exanple, the site
suitability decision, followed with the |license application
followed with a rigorous |icensing process involving the
public, then a license anmendnent for receipt of material, and
then later on after a ot of the confirmatory work i s done

and adjustnents as necessary, closure, which would be in our

pl ans nom nal a hundred years from now, when we wll have a
ot nore information regardi ng what some of the uncertainties
are. So, this would be introducing nore of that. W

generally do not use the word staged licensing, which had
hi story of another tinme jargon, so we don't use that term
But, yes, | think do go together

COHON: Thank you. A couple of questions, one with
regard to budget. You noted the great uncertainty of course
with regard to the FY 2002 budget, and there's not much you
can do about that. | have sort of a general procedural
guestion, not specifically what you' re going to do about that
budget, but in a case where you have such w dely varying
mar ks between the two Houses of Congress, what do you do on

Cctober 1st? What kind of assunptions do you nmake so you can
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keep novi ng forward?

BARRETT: |I'mafraid that there will probably not be
resolution in the Congress on Cctober 1st. So, it likely
wi |l be under a continuing resolution, and there are a great
many different interpretations of howto inplenent a
continuing resolution within the Executive Branch. The
cl assical way is you operate on the | ower of the two marks.
For us to do that, we couldn't really do that, so we would
probably operate on |ast year's, which would be a continuing
resolution, so it would operate on the nom nal 400 |evel.

What's made this a little difficult for us is we
started the year low in costing, which was by design, with
t he new Bechtel contractor, and we're accelerating on up when
Bechtel was bringing things on. So our burn rate is higher
now t han 400, so we're going to have to kind of look at it.
We've instituted, a nonth and a half ago, we instituted a
hiring freeze in BSCto try to contain those costs. But it

woul d be ny intent to operate at the current |level, the

nom nal 390, 400 level. Hopefully, it would quickly resolve
itself.

What happens if it goes on like a nonth or so
burning at the higher rate, and if we end up with a very nuch

reduced one, then the layoffs becone nuch greater, because
|'ve already burned, say if it's a nonth, one-twelfth of the

year at the higher rate, and nmakes l|larger inpact. So, the
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qui cker the nation resolves, the better. But | intend to
operate at the 400, unless | get witten instructions from
sonmebody hi gher than nme not to do that. W still have the

| aws that we have to abide by, or Dyer and | go to jail. But
we can deal with that.

COHON: We wouldn't want that. You nentioned in your
remarks NRC s approval of 10 CFR 63. Wat are DCE' s pl ans
with regard to its second guidelines?

BARRETT: Well, the NRC--what happened, the Conm ssion
voted to affirmthe 63, and they gave instructions to the
staff, and within the next week or so, the staff wll
actually issue, through their adm nistrative processes, 10
CFR 63.

| am hopeful that within the next 30 days or so,
the Comm ssion will act on our request of May of |ast year,
or the year before, for concurrence on our siting guidelines,
10 CFR 963. | expect that they will do so within that 30 day
period. As soon as they do, we will then nake whatever
nodi fi cations we need to to 963, which are very mninmal in
any substance, because we just referred to the EPA and the
NRC, and put that through the federal process, which wuld be
OMB and out. So, |I'm hopeful--we'll nove as quickly as we
can, and to put the regulatory structure in place to support
decisions toward the end of the year. There's litigation

already in the EPA. | suspect there will be nore litigation
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when the NRC actions becone final, and our actions becone
final, and then it will be a matter of course. But we wll
nove expeditiously, which |I suspect would be within the next
nont h.

COHON:  Thank you, Lake. Debra Knopman?

KNOPMAN:  Lake, would you comment a little bit about how
the schedule nowis adjusted with the extended conment
period, just the way that the Departnent intends to respond
to public comment prior to a decision?

BARRETT: We will first of all followthe letter of the
| aw exactly and do all the comments and NEPA regul ati ons and
NEPA case law, as well as the Nuclear Waste Policy Act | aws.

So we will do all of that.

In addition, the hearing | ast week was not a
sati sfying experience for any party. Hopefully, the one this
week will be alittle better, but this is not an easy
conmuni cation with the public. For exanple, there's not been
really tinme in the structure that we have of formal hearings
for any answer of questions, for those who wish it. There
are many who don't wish it.

So, the Secretary has asked that we | ook at ways
that we can increase the public process, and we are presently
| ooking at that, and we'll see what inplications that would
have regardi ng the schedules. But froma technical point of

view and a programmtic point of view, we are stil
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continuing to try to prepare the necessary foundati on aspects
for a decision around the end of the year.

KNOPVMAN: W Il there be a witten response to public
comments prior to the decision?

BARRETT: There will be a response--in the decision
package, there will be responses to the comments. Exactly
how we sequence and what we can do ahead is a bal ancing
bet ween | egal considerations as well as our desire to get
back and conmuni cate matters that people have brought up
So, we have to balance that out in consultation with the
general counsel. But this will all be litigated.

COHON:  Any ot her questions fromthe Board?

(No response.)

COHON: We have a little bit of extra time, and | know
Judy Treichel had a question for Lake. | don't know if you
want to ask it now, Judy, taking advantage of the little
extra tinme we have.

TREI CHEL: Thank you. Judy Treichel, Nevada Nucl ear
Waste Task Force. This is a good tine to ask it,
particularly follow ng on the questions that were just asked.

On behalf of the Task Force and other public
representative groups here in Nevada, we would |ike to know
if it is possible to get a copy of whatever the guidance is,
or the process is, that you are eval uating, catal oging, doing

whatever it is that you do with public comments. There nust
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be sone sort of witten guidance for that, and we would very
much like to see what it is you' re using as a score sheet,
because there is, as you know, the neeting was a disaster,
and there are a | ot of people who are very concerned about
how t hose comrents get eval uat ed.

BARRETT: Qur process on that follows the law. As |
said, we are taking the cormments. W wll catal og the
comments and we will respond to the conmments as we go
forward. We will--so that's what our process is, and we're
in the process of doing that, and | ooking for ways that we
can better connect and conmunicate with the public.

TREICHEL: |s there anything witten down? Like you're
waiting nowto receive fromthe NRC the Yucca Muntain Review
Plan. D d you have any sort of a plan or a witten gui dance
for the acceptance--1 know you have 30 to 40 peopl e worKking
on public comments, and there is nothing that's witten
t here.

BARRETT: The general franmework that we have for
responding to the NWPA comments, |let ne say, is patterned
after the approaches that we do for the NEPA conments.
Basically, we receive the coments in, we catal og the
comments, and we respond to the comments in a witten form
So, that is the general approach we use. W're mrroring the
approach we're using on NEPA for the FEIS response. W're

mrroring that process for the NWA comments. And we're
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preparing basically internal issue papers that address the
sanme issues, which are common thenmes in both processes, but
they' re separate | egal processes.

TREICHEL: Al right, thank you.

COHON:  Thank you very nuch, Lake.

BARRETT: Thank you.

COHON:  We' Il now hear from Russ Dyer. Russ is the
Proj ect Manager at the Yucca Mountain Site Characterization

Ofice. Dr. Dyer?

DYER. What |1'd like to do today is to wal k through an
update for Yucca Mouuntain. |1'mgoing to hit on sonme of the
sanme things that Lake was tal king about in alittle nore

detail, and set the stage for sone of the talks that wll
cone a little later.

"1l tal k about a perspective on site
recommendati on, the process, where we are, talk about path
forward and plans for Fiscal Year 2002. As Lake said
al ready, there's considerable uncertainty in the Fiscal Year
02 budget. And we'll talk about, set the stage really for
the actions conpleted and planned work in the four areas of
Board concern.

First, just alittle summary of some of the
information that has cone out supporting the site
recommendat i on deci si on process.

Bet ween the 4th of May and the 21st of August,
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there has been quite a bit of information that has been
rel eased for public review The Yucca Muuntain Science and
Engi neeri ng Report cane out on the 4th of May which descri bes
the results of site characterization studies conpleted to
date, the waste fornms, the repository and waste package
conceptual designs, and updated assessnents of long term
performance of the potential repository.

A Supplement to the Draft Environnental | npact
Statenment al so cane out on the 4th of May which gave
additional information on design evolution. A nost recent
version of the Total SystemlLife Cycle Cost Report canme out
al so on the 4th of May.

And the last thing that was rel eased on the 4th of
May was the Nucl ear Waste Fund Fee Adequacy Report which
| ooks at the npost recent estimate of the adequacy of the
Nucl ear Waste Fund Fee for covering the cost of the Program

There have been a series of reports that have cone
out since then. The Supplenental Science and Perfornmance
Anal yses report, two volunes, Volume 1 came out on the 30th
of June, which updates the scientific bases and anal yses,
descri bes new and updated information devel oped since the
Sci ence and Engi neering Report, and the results of the
unquantified uncertainty and | ower-tenperature operating node
anal yses.

Vol ume 2, performance anal yses, describes the
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per formance assessnent anal yses using the updated information
described in Volune 1.

And the Prelimnary Site Suitability Eval uation was
rel eased on the 21st of August. This describes the results
of a prelimnary evaluation of the Yucca Mountain repository
syst em agai nst the Departnment of Energy's proposed
suitability guidelines at 10 CFR 963, which we were just
di scussi ng.

There were three public hearings announced t hat
woul d informthe site recomendati on decision. The first of
t hose hearings was held | ast week on Wednesday, Septenber
5th, here in Las Vegas. This included, as Lake said,
interactive audio/video link-ups to Carson City, Reno and
El ko. It was al so webcast, a one-way webcast, non-

i nteractive.

We have two nore public hearings this week,
Wednesday the 12th in Amargosa Vall ey, Thursday the 13th in
Pahr unp, Nevada.

This chart lays out the public invol venment
opportunities in 2001 for both the Environnmental | npact
Statenent, this is the NEPA process, and also the Site
Recommendat i on Deci si on Process.

We held a series of public hearings after the
Supplenment to the Draft EIS. The conment period is closed.

We are in the process of considering the public comments,
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with a final Environnental |npact Statenment to acconpany the
possi bl e recommendat i on.

The Site Recommendation Process, whenever we
rel ease the suite of docunents on the 4th of May, we opened a
public comrent period. Wen the public hearings were
schedul ed and announced here in md Septenber, there was a
closure date identified for the public coment period. The
Secretary has since extended that by 15 days. So the current
closure date for the public comrent period is the 5th of
Cctober. And as Lake was saying, we'll be considering the
public coments to informthe Secretary for his decision.

Just a rem nder in the public conment process,
we're taking comments just by any means avail abl e, either
witten or oral, at the public hearings. Comrents mailed in,
this is the address. Carol Hanlon is out officer in charge
of that. W'Ill also take e-mail, comments by e-mail, or by
fax, and here's the relevant addresses to get coments to us
associated with the site recommendati on deci sion.

Just a quick rem nder of where the process stands
here. This is the charge of the Nuclear Waste Policy Act.
These are the public hearings in the vicinity of the Yucca
Mountain site which are called for by the Nuclear Waste
Policy Act. The Secretary's decision whether or not to
recomrend the site to the President |ies ahead of us

somewher e.
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If the Secretary decides to recommend the site, he
must notify the governor and the |l egislature of the State of
Nevada at | east 30 days before submitting the recommendati on
to the President.

And then there are two paths here. There's a
decision tree to go through. [If the Secretary or President
does not recommend the site, they notify the governor,

i mredi ately stop site characterization, and the Secretary
reports to Congress within six nonths on recomendati ons for

further action.

If the Secretary recommends to the President, and
the President recommends the site to the Congress, should the
governor or |legislature not submt a notice of disapproval,
the site designation becones effective. |If the governor or
| egi sl ature submts a notice of disapproval within 60 days,
then the site woul d be di sapproved unl ess Congress passes a
resolution of siting approval within the first 90 days of
continuous session. And this would be a sinple majority of
bot h Houses of Congress required to override the veto.

Let me talk a little bit about the planning focus
for Fiscal Year 02. W wll be focusing our resources on
strengthening the infrastructure to respond appropriately to
the results of the site recomendati on deci sion process.
There is essentially three ways that decision can cone out,

as we kind of went through on the decision tree in the
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previ ous slide.

If the Secretary decides not to recommend the site,
DCE has six nonths to report back to Congress with
recommendati ons and begin site reclamation.

| f Congress does not designate the site, DOE w ||
respond to Congressional direction. W assunme that they wll
provi de sonme direction back to the Departnent.

If the site is recommended and desi gnated, DOE w ||
proceed toward |icensing through a planned set of pre-
licensing activities. And this is what our planning basis is
primarily focused on, but understanding that these are also
possibilities.

Let's tal k about sone of these pre-licensing
activities. Now, one thing | want to point out is that these
are not just Fiscal Year 02 activities. Mny of these are
mul ti-year activities.

Compl ete technical work to neet the Nucl ear
Regul at ory Conmi ssi on/ DCE agreenents that are addressed in
t he Key Technical Issues, in NRC s Key Technical |ssues.

Devel op a | evel of design detail appropriate for
inclusion in a license application; update process nodels and
continue anal yses of uncertainties; conduct an |Integrated
Safety Analysis for preclosure operations; conduct Tot al
System Performance Assessnent for the |license application

Support the Nuclear Regul atory Conmi ssion's
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adoption of an Environnental Inpact Statenent; devel op and
certify licensing support network under 10 CFR, Part 2,
Subpart J; resolve outstanding quality assurance issues.

Devel op descriptions of post-1licensing prograns.
Some exanpl es given, performance confirmation, safeguards and
security issues; and prepare and submt a |license
appl i cation.

Let nme give a summary and kind of a preview of sone
of the discussion that will be held later, primarily today,
about sone of the Departnent's work in response to sone of
the four major concerns that were rai sed by the Board.

Since the Viability Assessnent, the Board has
identified, expressed, and focused their views and concerns
on DCE' s basis for a possible site recomendation.

O course, in January 2001, in Amargosa Vall ey,

t hese views and concerns coal esced into four specific areas
of concern, which I'mgoing to hit onin alittle nore detai
in the followi ng slides. Meaningful quantification of
uncertainties; progress in understanding corrosion processes;
conparison of | ower and higher-tenperature designs; and

mul tiple |ines of evidence devel oped i ndependent of Total
Syst em Per f or mance Assessnent .

DCE has wor ked aggressively to address the Board's
concerns. W devel oped the Suppl enental Sci ence and

Perf ormance Anal yses, which treat the uncertainty issue. W



© 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

47

convened an i ndependent peer review of corrosion processes.

| think Joe Payer wll talk a little later about sonme of the
interimresults there. W have reviewed the work needed to
eval uate a range of operating nodes, and Lake tal ked about
some of the work that's being brought into at least in the
pl anni ng stages here. W nore clearly recognized the

i nportance of and explained the nmultiple |lines of evidence.
And we convened an international Total System Performance
Assessnent peer review, which concluded |ast week.

Let's go to the first area of concern that the
Board laid out, neaningful quantification of uncertainties.
The Board has stated that neani ngful quantification of
uncertainties associated with performance is essential for
policy makers. Bill Boyle has tal ked about this several
times in May and also in June, and will | think be the first
presenter in the panel following this.

We began an effort to quantify the unquantified
uncertainties in late 2000. Bill will talk about our
progress in this arena.

We'll continue to revisit uncertainty eval uations
as new information cones to light to ensure that the effects
of mnor uncertainties do not have a non-negligible
cunmul ative effect.

We' ve addressed the Board's concern and believe

that uncertainties are sufficiently quantified at this tine
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to provide policy makers with an adequate basis for their
deci si ons.

The second area of concern, progress in
under st andi ng corrosi on processes, and CGerry Gordon will talk
alittle later about this.

The Board's concern is with the understandi ng of
t he underlying fundanental processes involved in predicting
the rate of waste package corrosion. DOE agrees it's
i nportant to devel op an understandi ng of the underlying
physi cal phenonena of corrosion processes.

We convened a peer reviewin May of this year on
the corrosion processes. As | think Joe Payer will talk a
little later, the interimreport is due in Septenber, with
the final peer reviewreport due in April of 02.

We benefitted fromthe Board' s international
wor kshop on | ong-term extrapol ati on of passive behavi or,
which you held in July of this year. W believe that the
bounds on waste package corrosion that will be used to
support the site reconmmendati on deci sion are adequate and a
confirmatory testing programis now in place.

The third area of concern, |ower-tenperature design
conparison. The Board' s concern is that performance
projections are very uncertain, due primarily to the high
tenperature repository design and uncertainty with processes

operative at these higher tenperatures.
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DCE is addressing this concern by evolving the
hi gher -t enperature base case design into a design that could
be operated over a range of thermal objectives. And Jim
Blink will talk about this a little bit |ater.

Assessnents of repository performance across a
range of thermal environments are docunmented in the
Suppl emrent al Sci ence and Performance Assessnent Report, and
described in the Yucca Muuntain Sci ence and Engi neering
Report .

DCE believes that the performance projections are
adequate for the range of operating environnents consi dered
in the site reconmendati on basis docunents.

The fourth and | ast major area of concern of the
Board, nmultiple lines of evidence. The Board views DCE' s
safety case as overly dependent on perfornmance assessnent,
and strongly endorses efforts to develop nultiple lines of
evi dence.

Multiple lines of evidence have been integral to
t he devel opnment of process and performance nodels, but this
may not have been effectively comruni cated.

In April of 01, Board nenbers and staff nmet with
t he Departnent to discuss the nmeaning and applicability of
these nultiple lines of evidence.

We believe that discussion and eval uati on of

mul tiple Iines of evidence have been nore clearly expl ai ned
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and is being nore successfully incorporated into docunents
and pl ans.

In conclusion, |I've got three points to nmake here.

DCE has initiated, in accordance with the requirenents of
t he Nucl ear Waste Policy Act, and is proceeding with a
process for a Secretarial decision on whether or not to
recommend approval of the Yucca Mountain Site.

DCE' s path forward depends on the results of the
site recommendati on deci sion process. However, the
Departnment is prepared to respond appropriately.

DCE understands and has benefitted fromthe Board's
concerns and issues. These concerns have been addressed, and
DCE believes that there is an adequate technical basis for a
site recommendati on deci si on.

COHON:  Thank you, Russ. That was very useful fram ng
of where you are and what's to conme in this neeting.

Questions fromthe Board? Dan Bull en?

BULLEN: Bul |l en, Board.

Russ, could you go to your Slide 7, please? This

shows the tineline for public opportunities for coments.

But | guess just looking at this tineline, could you al so

ki nd of show us where you expect to see a comment by the NRC
with respect to the sufficiency requirenents for the site
recommendati on? Where along this line do you expect that?

DYER If | renenber right, | think early Novenber is
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what is expected fromthe Nucl ear Regul atory Conmm ssi on.

BARRETT: Lake Barrett, DCE. At the managenent neeting
| ast week with the NRC, the staff said that they were
proceedi ng along the lines of our request, which was for
Novenber 1st for NRC s sufficiency, and they said they were
proceedi ng according to schedul e.

BULLEN: Thank you. Just another followp basically,
you alluded to the neetings in May and June that we' ve had
with respect to the evolution of the process, and | guess the
guestion that | have with respect to the |license--or excuse
me--the siting recommendati on determ nation is exactly what
design do you expect to put forth with respect to therma
operating nodes? | mean, | know the range is there, but it
seened to ne that the NRC was very concerned about having one
design to evaluate. And have you resolved that issue with
them or not?

DYER  The license application design needs to be

devel oped, and it needs to be devel oped through a discipline

pr ocess.
BULLEN: Ckay. But then | guess does that tie into the
sufficiency requirement fromthe NRC wth respect to do you

have to identify a design for SR, or are you just going to go
ahead with the flexible design and you think that the NRC
will buy off on that?

DYER: W have a flexible design for SR that the NRC
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seens to find acceptable for that decision.

BULLEN: Ckay, thank you.

COHON:  Russ, a question while this slide is still up.
Is there a public estimate as to when the Secretari al
deci si on may cone?

DYER: Qur goal has been to support that by the end of
this year. There have been sone, whenever the public coment
peri od was extended, that's still the goal, is to do it as
soon as possi bl e.

COHON:  So, effectively, | don't mean to put words in
your nouth, but | understand that to nmean that the Program
wi |l have done what it thinks it needs to do to support that
deci sion by the end of the year. And then when the Secretary

actual ly makes that decision is up to him

DYER: That's correct. Hi s actions are not on ny
schedul e.

COHON:  Russ, you tal ked about the pre-licensing
activities. 1Is there an estimate yet about how rmuch tine it
woul d take to do all of that? And related to that, is there

any tinme limt on that comng out of the lawwith regard to
when DCE nust apply for a license after approval by the
Presi dent and Congress?
DYER Two responses there. First off, let nme, in the
| aw and the Nucl ear Waste Policy Act, there's a |inkage of 90

days fromthe tinme of site designation, not fromthe site
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recommendation. Qur planning process now, we're in the final
phases of our planning process. O course, as you heard
there is some uncertainty with that.

When Bechtel SAIC came on board, they have | ooked
at essentially re-baselining the project out through |Iicense
application, and we're negotiating right now to see what
their recommendation is as to what it takes to put together a
conpr ehensi ve and docketabl e |icense application.

COHON: Okay. Could we go to Slide 19, please? | want
to take semantic exception with that first bullet point.
There's sone spin control that | think is inportant. | don't
think the Board has ever stated that the uncertainty related
to Yucca Mountain's performance is due primarily to the high
tenperature repository design. But, rather, we suggested
that it's worth | ooking at whether a cool er design would
reduce uncertainty related to a high tenperature design

The inplication of that is there's still going to
be high uncertainty, even with a | ow tenperature design. Do

you see ny point?

DYER  Poi nt taken.
COHON: Okay. Any others? Jeff Wng, and then Debra.
WONG Russ, can we go to Slide 16? This is Jeff Wng,
Boar d.
You, in that last bullet, you state that you
bel i eve that the uncertainties are sufficiently quantified
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for policy makers. How do you feel that this is so? Does
this mean that your current QA problens are--they don't
contribute nuch to uncertainty? O all the KTls are easily
fixed or addressed and they don't contribute to uncertainty?
| nmean, before we would nake--there's a stack of materi al
t hat you have to read, and now we tal k about stacks of CDs to
read. It's very conplex, a |large amobunt of uncertainties
enbedded in that. So, again, what's the justification for
maki ng the statenent that it's quantified for a policy naker
t o under st and?
DYER: | guess | would split those into two things.
First off, in the quality arena, we've gone back and done
i npact anal ysis on many of the anal yses and reports that
we' ve done. And, so far, we haven't found any that of the
di screpanci es that have been identified that inpact the ngjor
results or conclusions fromthose anal yses.
As you're well aware, the approach that we had as
of a year ago was to | ook at boundi ng analysis. And by
| ooking at nore realistic estimates in the quantification of
uncertainty approach, | think we have a better understanding

of what the probabl e behavior of a repository system m ght

be.

COHON: O course, we'll be hearing much nore about this
fromBill Boyle?

DYER Yes, Bill will give you an update on that. You
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| ook unsatisfied, sir.

WONG Well, it's the issue that, you know, policy
deci sion making in the face of uncertainty is always
difficult, and I'"mjust curious as to how you prepared your
policy makers to understand the uncertainty enbedded in this
particul ar analysis. You had given themtraining, had
di scussions wth then? Do they actually recognize
uncertainty? How do you think this is going to be played
out ?

DYER |'mnot sure. Nobody from Congress has asked for
a sem nar on uncertainty so far.

WONG  Thank you, Russ.

COHON:  Debra, did you have a question

KNOPMAN:  Knopman, Board.

Jeff took the words right out of nmy nouth. | was
going to ask virtually the sanme question. And | was as
little bit taken aback by the certainty with which you tal ked
about uncertainty, that unless you have had a go around with
your policy makers, both in the adm nistration and Congress
as well, I would say that's an open pending as opposed to a
cl osed pendi ng kind of judgnent to nmake about whether you're
there yet, and you may want to back off a little bit.

| just also wanted to highlight on Slide 18 a
simlar concern about maybe being a little bit nore

definitive than perhaps you're in a position to nmake at this
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time when there's a ot of peer review activity going on,
some comments already in on sonme of these various things.
And, again, | was surprised to hear this pronouncenent. It
sounds |i ke you're done.

DYER: No. But in conversations with Dr. Payer, there
are things that can be brought into the programthat can
augnent and suppl enent that need to be done.

COHON: Any ot her questions? Don Runnells, and then

Carl, and then we're going to close it at that point.

RUNNELLS: Runnell's, Board.
Russ, this question is a bit tangential, but | have
to ask it of you and Lake. |'m concerned about the people in
the program the enornous pressure that's obviously on

everyone to get so many docunents out in such a short tine.
The work | oad nmust be trenmendous.
In addition, there are concerns about the budget.

Lake used the word | ayoff a couple of tinmes, which always
scares people. Have you suffered, are you suffering
attrition? Are people leaving? O is the staff essentially
still intact? Have you seen a |loss of norale, such that
peopl e decide that this is just too hard, or not? And |
i ntroduced that by saying it was tangential, but it's of
concern to ne.

DYER: It's a concern to us also. There has been an

enor nous anmount of pressure. |t has had an inpact on norale.



© 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

57

| am not aware of any great flux of people away fromthe
project. It's a challenge of |eadership to keep people
energi zed and active in these tines of turnmoil. These are
very dedi cated peopl e.

COHON:  Carl ?

DIBELLA: This is Carl DiBella, Board Staff, and |I'm
gl ad you' ve got Slide 18 up, because nmy question is also on
t hat second bullet that Dr. Knopman referred to a nonent ago.

That's an enornmously powerful statenent that you have, and |
want to investigate it alittle bit.

What do you mean by bounds? You coul d nean bounds
on the corrosion rates. You could nmean bounds on the
envi ronment that the waste package is going to experience
over the years. O you could nean bounds on the possible
mechani sns that m ght be occurring over tine. And what do
you nean by adequate? Because certainly in none of those
areas do you know everyt hi ng.

And now I'Il let you off the hook. Are the
subsequent speakers going to address this specific issue?

DYER. O course. | see Cerry scribbling very rapidly
here. Bounds can apply to any of the things that you were
tal ki ng about.

COHON:  Maybe Gerry will al so address what you nean by
"the."

DYER  You said Cerry.
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COHON:  |I'm kidding. Go ahead, Car.

DYER. |I'msorry. You said Gerry, but you also
menti oned Professor Payer and his report as belonging with
that bull et sonmehow. So, |I'mvery interested in hearing what
i ndependent, and | think we all are, independent views would
be on that particul ar issue.

DYER Right. W'Ill hear fromDr. Payer shortly, |'m
not sure whether this afternoon or tonorrow

COHON:  Thank you very much, Russ.

For the next phase of the neeting, Board Menber
Paul Craig will chair. Paul?

CRAIG (Ckay. So, the enphasis is going to be on
updates on what's been going on in the program W're going
to have presentation, including updates on uncertainty
anal ysis, materials, that work done both by the Project and
by the State of Nevada, three reports on peer reviews, waste
package materials, biosphere nodel and TSPA, a report on the
Board' s wor kshop on passi ve behavior, and a conparison of
hi gher and | ower tenperature operating nodes for the

repository. So, that's a full agenda.

My assignnent as Chair is to keep the speakers and
t he discussion on track. To this end, let's see, Bill Boyle-
-where's Bill--your introduction isn't finished yet, so don't
start talking.

| have a little noise nmaker here, and when you've
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got about five mnutes left, this thing is going to start
beepi ng until such tinme as | get your attention, and then you
can continue for a while. And, with any luck, this won't be
enbarrassing. W have stronger approaches if that doesn't
work. That remark isn't just for you. You just happen to be
t he person who's standing there.

It's kind of fun when I--1 was | ooking at the
bi ographies, and | realized, gee, ny state is doing really
well here. Russ Dyer has a Ph.D. from Stanford University,
and Bill Boyle fromm own canpus, but nmy own university, did
everything at Berkel ey, Bachelor's, Master's and Ph.D. And
with both Stanford and Berkeley at the top of the program
how can you go wong? There's sonmebody from ot her
institution sitting here. He's sensitive.

BOYLE: Wth that, 1'Il start. Thank you for the

introduction. | don't know how Stanford did this weekend
but Cal lost in football, so l'mglad this isn't football.

Thank you for this opportunity. | have 27 slides
and 30 mnutes. |'Il be fast. So | hope to |leave tinme for
guestions, and | actually brought ny own clock to keep nyself
on time. So, this will be an update on uncertainty anal yses,
which Dr. Dyer had nentioned |'ve presented on before, and
"1l briefly go over what was the original concern, what we
said we would do to investigate it, what we did, and what we

w |l do.
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This first slide shows at the top Abe Van Luik
presented, | think it was in this building, but at any rate,
a neeting here in January of 2000, and the Project and the
Program s approach to uncertainty, to manage, communi cate,
assess and analyze them So, treatnent of uncertainties has
al ways been of interest and concern to the Project.

So as not to msstate in sunmary fashion the
Board's concerns, | have resorted to quoting them And this
is from-Lake, to answer your question, it was May of 2000
that we sent the material to the NRC, because this March 20th
letter of 2000 was the Board's comments on 963. And the
first paragraph briefly states the general concern, but the
| onger paragraph belowis a very cogent, succinct description
of why peopl e should be concerned about this issue in the
first place for policy makers. And you're free to read it on
your own, and if you ever want to get the whole letter, NWMRB
keeps its correspondence on their website.

And as recently as this year, the Board, in
identifying their four priority itens, at the top, they had
t he meani ngful quantification of conservatisns and
uncertainties in our performance assessnents. So, it's still
a priority itemto the Board and the Departnent.

kay, this is the first slide that deals w th what
we said we'd do. For those of you that don't know, the

acronym PORB stands for Project Operations Review Board, and
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it's a group of senior managers in Las Vegas in the
Department that get together and cone to agreenent on scope,
schedule, cost. And if you really want to get work done, it
needs to be approved by the PORB, which you can see that
there were a nunber of PORB activities related to | ooking
into uncertainties, specifically unquantified uncertainties,
and the first action was back in May of |ast year, and that
was |largely to initiate a review, and as Russ Dyer had shown
on one of his slides, it was in late 2000, it was this action
that we al so decided to |ook into quantifying the
uncertainties.

And to summarize what we were going to do in al
t hese tasks was to review what we had done, to do sone work
on quantifying uncertainties, which was |largely eventually
acconplished in the Suppl enental Science and Performance
Anal yses. But in the end, all the PORB papers al ways
referred to providing guidance for what to do in the future.

These next two slides, Slides 7 and 8, provide a
history of the various presentations and activities that have
taken place. As |I've already nentioned, Abe nade a
presentation in January of |ast year. There were the PORB
actions of May and Cctober. Abe also nade a presentation up
at Carson Gty at a Board neeting.

We provided a copy of a report we had done for

Undersecretary Moniz. W provided that to the Board, and the
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Board reviewed that. At the January neeting in Amargosa
Val l ey, there was a presentation on work done to date.

And then cane the SSPA. Up until this point, the
uncertainties activity had been pretty nmuch an itemall by
itself. But when we started the SSPA, Supplenental Science
and Performance Anal yses task, the uncertainties work becane
joined with it, and the SSPA is a much | arger body of work
than just |ooking at uncertainties.

As part of the original uncertainties work, |
menti oned we were reviewi ng what we had done, and in May of
this year, our managenent and technical support contractor,

MIS, provided a report on how we had treated uncertainties in

t he TSPA- SR

In May, | made a presentation at the Board neeting
in Virginia. 1In June, here at the Panel neeting, the two
Panel neeting that was held here in Las Vegas, Kevin

Coppersmith made a presentation. In July, we released the
Suppl ement al Sci ence and Performance Anal yses, and this is
the nost up to date work on quantification of uncertainties
and conservati sns that we have.

And the last itemdeals with what we will do. As |
have nentioned, in the original PORB actions, there was
al ways an itemto provide gui dance on what we would do in the
future, and this report will contain that guidance. And I'|

say nore about this report later.
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| should have done this to start with. The work |
present here al ways represents the work of many, nmany ot hers.
In the original uncertainties work, it represents a |ot of
good work by Kevin Coppersmth and Karen Jenny and Ral ph
Rogers. And then the SSPA, it's such a |arge body of work
that it represents many, many people, many of whomare in
this room but it could have never been produced w t hout
people |ike Jerry McNeish and Rob Howard is here, a
t remendous acconpl i shnent .

It's in two volunes, and Volune 1 itself is
actually in two parts, if you have a hard copy of it. And |
usual ly start with Volune 2. It's Total System Performance
Assessnent anal yses of the higher tenperature operating node,
HTOM a | ower tenperature operating node. That allows us to-
-well, those TSPAs are based upon new i nformation, either new
information related to quantifying uncertainties, or just
update in scientific information, or information related to
the thermal operating node itself.

We took all that information from Volunme 1, plugged
it in, created two new TSPAs. That allows us to conpare
t hose new TSPAs with the TSPA-SR to see if we really were
conservative, as we had cl aimed, and how conservative were
we, and were there any changes in uncertainty as we had added
t hese new nodel s.

For those of you that |like |looking at the results
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first, here are three what are called horsetail diagrans.
The upper left is the TSPA-SR published | ast Decenber, higher
tenperature operating node results, |ower tenperature
operating node results, and it's easy to see any nunber of

t hi ngs which are described in words on sone of the follow ng
slides. But in general, the higher tenperature operating
node, | ower tenperature operating node as determ ned by the
SSPA are very simlar to each other, and yet both are

mar kedly different fromthe TSPA-SR. And, in general, it
shows that the TSPA-SR is conservative relative to these

cal cul ati ons.

And if you |l ook out here at a mllion years, the
far right on each of the plots, you can see that the spread
in uncertainty is nmuch larger for the SSPA cal cul ati ons than
it is for the TSPA-SR cal culation. Be careful with the Y
axes. They're the sane in these two plots, but different
fromthat one.

So, how did we get to those cal culations in HTOM
and LTOM? As |'ve nentioned, we added new data. W put in
the nodels. W renpved sone bounds or conservatisns with new
data or nodels. And this is an exanple |I've presented
before, but this is actually how it got captured in the final
SSPA, and this is the representation of Neptuniumsolubility.

| think | presented it at the January neeting. Neptunium

solubility on the Y axis is a function of pH on the X axis,
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and this curve is what we had used in TSPA-SR, such that at
any given pH, solubility was known with certainty. It was a
constant value. And for the SSPA, we represented it instead
with a distribution of values at any given pH

So, what effect does such a change have? And
that's shown in this figure. This is one of the sensitivity
anal yses from SSPA, Volunme 2 that incorporated that change in
Nept uni um sol ubility, as well as changes in Pl utonium
solubility, Thoriumsolubility, Uranium and Technetium
solubility. But the one that predom nantly drives the
results is the change in the Neptuniumsolubility, and you
can see that out at the far right, it's as nmuch as an order
of magnitude difference. But what isn't shown here is how
the horsetail diagramchanged. W're showing the effect on
conservatismin this plot, but not the effect on uncertainty.

These next few slides cover uncertainty, and the
information is the sanme as what's contained in those
horsetail diagrans. |It's just presented in a different way.
As a matter of fact, these two slides represent a verti cal
slice through the results. It's at the tinme of peak dose,
and it's plotting the results as a cumrul ative distribution
function here and as a hi stogram down here. And these two
pl ots show the same information, just presented differently.
People like themin different ways.

But the main points are that the TSPA-SR is
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conservative. |It's shown that it's to the right of the HTOMV
and LTOMin red and blue, so, higher doses. And it's also

| ess uncertain, which is shown by the steepness of this
curve, and the fact that the SSPA results are nore uncertain,
as shown by the flatter slopes and covers nore orders of
magni t ude.

The sane thing in the histogram down below. The
bl ack bars fromthe TSPA-SR are nore to the right and
narrower to each other, nore closely clunped than are the red
and the blue of the SSPA, which are spread out nore, and are
shifted to the left, |ower dose.

Here was another way to slice through the SSPA
results, and this was a horizontal slice through the
horsetails, if you wll, plotting the tine it takes to reach
a particular dose in these plots, the tinme it takes to reach
0.1 mlliremper year. And the main point to get here is
al so that the TSPA-SR results are conservative, as was
clainmed, relative to the SSPA results. They're shifted to
the left on this slide, that is, they show up quicker, the
dose, and also that they were |l ess uncertain for TSPA-SR or
nore uncertain for SSPA, in that the spread of the results,
the flatter slope in the cunulative distribution plot in the
upper left.

And, again, the other two plots are just histograns

of the same information, if people would rather |ook at bar
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charts rather than cunul ative distribution functions.

The next slides, three slides, cover in witten
wor ds what | have just been saying about the horsetails and
the two slices. In general, one thing that we got out of the
SSPA is that the LTOM and HTOM the | ow tenperature and hi gh
tenperature operating nodes, were very simlar to each other
much nore simlar to each other than either one was to the
TSPA- SR And we got the broader range in uncertainty by
adding in additional uncertainties and nodels, the additional
uncertainties by new nodels with new datasets, or old nodels
wi th new dat asets.

And if you conpare, it's the slide with the
horsetail diagrans, which is on Page 10, if you spend your
time and look at it, you'll see that after the first 10, 000
years, the TSPA-SR that's the base case, is conservative
with respect to the SSPA results, as neasured by the SSPA
results, had | ower dose after 10,000 years, and the
expl anations and the anmounts are given right there, as much
as three orders of magnitude conservatism as neasured
di fferences between the neans. And at sone years, it was
even greater than that.

But during the period prior to 10,000 years, if you
examne Slide 10 closely, it will show that the TSPA-SR
appears to be slightly non-conservative, that is, with

respect to the SSPA results. That's because with the TSPA-
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SR, there were no doses prior to 10,000 years, and yet the
SSPA has sone, but they are very | ow doses. And we'll cone
back to this in another slide.

Now, | was asked to talk a bit about concept ual
nodel uncertainty, and | have two slides on it, largely to
get across what it is we have done, and also that it is a
difficult problem There's the definition of conceptual
nodel uncertainty. The conceptual nodels are devel oped by
our technical principal investigators, based upon avail able
data and i nformation.

In general, where there are nmultiple viable nodels,
one is picked. The others are docunented, but one is chosen
as the preferred one. And the Neptunium exanple, solubility
exanpl e, on Pages 11 and 12 is an exanple of two different
conceptual nodels, if you will, one of which is a constant at
a given pH and the other has a distribution.

Usual Iy, the principal investigators chose one
nodel that was the nost defensible. Trying to incorporate
mul ti ple wei ghted nodels in our cal cul ational schenme is
conputationally difficult. SSPA captured many different
alternative representations, hopefully based upon ones that
were nore physically realistic. And we used themin
sensitivity anal yses. Again, the Neptuniumsolubility
exanpl e on Page 12 is an exanple of one of those sensitivity

studies. And so we can get sone neasurenent of the
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di fference between two different conceptual nodels, but in
terms of quantifying the uncertainty with the two different
nodels, it still is a challenge.

| just wanted in this slide to get across--this has
to do with the work remaining to be done, and we had over the
| ast year and a half many neeti ngs between the Nucl ear
Regul at ory Conm ssion and the Departnment of Energy on key
technical itens, KTlI, neetings on key technical issues. And
this is just a brief summary of sonme of the itens that have
been agreed to by NRC and DOE, and you can see that many of
them if you read these closely, they deal with uncertainty
and howit is we've treated uncertainty in our docunents, and
the work that we have to do to satisfy the NRC/ DOE KTI
agr eenent .

And April G, I think, talks tonmorrow on the work
to be done to address those agreenents. Abe Van Luik w ||l
talk later today on this peer review of our TSPA-SR  And
what's been done here is just sonme of the questions fromthis
peer review group have been summarized. This isn't all of
them but just to give a flavor that this group al so has
questions about howit is we treat uncertainty based upon
t heir reading of our docunmentation.

This is still in the work to be done. This is the
report that | showed that woul d be done in Novenber of this

year by BSC. The next three pages have the draft outline for
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it. This would |largely be a summary, Chapter 2.

This is also still, the first part of Chapter 3 is,
wel |, what have we | earned from SSPA and ot her studies on
uncertainties, and this is the meat of it right here, in
part, providing guidance on what to do in the future with
respect to uncertainties, how we treat them

And al so the final chapter, Chapter 4, and it in
some ways hi ghlights sonething al ready brought up by Dr. Wng
and Dr. Knopman. It has to do with comunication of the
uncertainties. And, so we have an entire chapter that deals
wi th communi cati on of uncertainties.

And ny next two slides deal with that. | just want
to present this to show a different way to try and
conmuni cate with deci sion makers, if you will. The next two
slides are 25 and 26, and they present exactly the sane
results, but in different ways. This slide is our typical
way of presenting it, which is logarithmc axes for time, and

a logarithmc axis for dose rate, as neasured by mllirem per

year.
|'ve put the EPA 15 mllirem standard on a solid

l[ine up to 10,000 years, and then dash beyond 10, 000 years.

This is for conmbi ned nom nal and igneous doses fromthe

Suppl ement al Sci ence and Performance Anal yses docunent, with
the TSPA-SR nean results shown in black, the HTOMin red, the

LTOMin blue. The red is here the entire way, but it's
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pl otted underneath the blue and you can't see it now. |'m
going to put up this sanme slide on the overhead projector
briefly.
kay, what | was trying to get across, this is
not hi ng new about |ogarithmc plots, but that little teeny
mark right up there represents 10,000 years and 10, 000
mllirenms per year, just that one little mark by itself,
which is what's represented by all the rest of this plot.
My point here is is that logarithmc scales and
| og/ 1 og scal es, nost people don't deal with themon a daily
basis. | challenge people that read the Wall Street Journa
| ook for a logarithmc scale, and you won't find them that

nost people deal with |inear scales.

These are the sane results, but on a linear/linear
scale. You'll notice it's out to 100,000 years, and the dose
rate with the EPA standard shown down here now, with the

TSPA-SR in black, HTOM and LTOM down here. You don't see the
red because it's being printed underneath the blue, and it's

right on the zero axis. And this gets back to the question

by Drs. Wng and Knopman, it's, well, how would we
communi cate the uncertainties to decision makers. |If | use
this slide, the one on the left, even if |I were to put the

horsetails on there, because we're show ng neans here and our
nmeans are biased up towards the top, the horsetail is going

to plot right on the zero axis as well.



© 00 N o o A~ w N P

N N NN B R R R R R R R R
w N RBP O © 00N O U~ W N R O

24
25

72

And, so, to the extent that our nodels are correct
and they represent what we're doing out there, | think nost
deci sion makers would | ook at this plot on the left and say
it's zero, the uncertainty about it is al nost i mreasurable,
as shown on this plot, and they would feel confortable with
sayi ng go ahead.

But, it begs the question of, well, what confidence
do we have that our nodel actually characterizes the system
accurately. This topic canme up at an Advisory Conmttee for
Nucl ear Waste neeting a couple of weeks ago, where Chairnman
Hor nber ger asked Rob Howard and nyself for the SSPA, if we
continue renoving the conservatisnms, could we get a few nore
orders of magnitude performance. And, you know, we could
debate how much nore performance we could get, but | did nmake
the point that if you use this chart, we're already at zero.

| nmean, it's hard to go any | ower.

So, with respect to communicating, one item| m ght
bring up is for decision makers in particular who don't deal
with logarithns on a daily basis, we mght be better off

goi ng back to linear scales.

In summary, treatnment of uncertainties has been
recogni zed by DCE as inportant. It's been nore than a year
we have focused our work on the conservatisns and non-

conservatisns, if any, and TSPA- SR

The SSPA is the nost recent up to date work on
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this, and the Uncertainties Analysis report will probably
contain no new anal yses, but the inportant part of this
report would be the guidance and how to conmuni cate. And, as
| said, this guidance part would be part of that report.

CRAIG That's fantastic. Your five mnute warning just
went off. You're doing great.

Yeah, the data is so conpelling now when you
present it this way that it really does suggest that your
remar ks about the nodel uncertainty assume a really high
| evel of inportance, because we're now in a situation where
t he nodel uncertainty on the netals is really a very, very
big deal in these things. And, of course, it's one of the
things that we're going to be tal king about a | ot here.

kay, let's see, let ne go in sequence here, Jerry
and Priscilla, Dan.

COHON:  Cohon, Board.

Bill, I have several questions and comments. |'I|
triage and go quickly. First of all, I don't think you
intended it this way, but it sounded as if you were saying
that the base case, by having | ess spread, was sonehow
superior to the other cases which had nore spread. You nade
two points, that it was nore conservative, those histograns
showed that, and that it had | ess spread. But just to get a
check here, you weren't arguing that |ess spread was a virtue

in this case?
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BOYLE: Well, that gets back to the quote fromthe
Board's letter of March 3rd of 2000. Sone decision makers
actually may prefer that |ess spread. |'mnot saying that |
do, but it's--

COHON:  No, no, wait a mnute. Your job here, of
course, is not to produce sonme nodel that produces |ess
spread and nmake deci sion nmakers happier. It's to produce an
anal ysis based on the nost realistic, nost credible
under st andi ng you can devel op of the underlying phenonena.
So, solubility is a case in point.

Presumabl y, you use the probabilistic, the
stochastic representation, because you thought it was better
in a scientific sense, than the single nodel approach.
That's what | neant.

BOYLE: Yeah, that is true. But | would like to, with
respect to the Neptunium solubility exanple, the NRC has
rai sed a question about, well, the data that underlie the
probabilistic nodel, and it's this whole issue, nyself
personal ly, | prefer fully realistic, fully probabilistic,
but in defense of those who prefer the bounded approach, as
represented on Slide 11 with the Neptuniumsolubility with
the constant value, it's sonetinmes the probabilistic nodels,
t he underlying dataset, not everyone is convinced, so people
tend to say okay, I'll take a bound. And that's the dilema

we have right now, is convincing people sonetines of the
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under | yi ng probabilistic nodels, and if we can't, then |
think there's been a tendency to switch to bounds.
COHON:  COkay, I'll pass on that now. Maybe others w |l

have sonething to say. But at |east the issue has been

joined. | have two nore things.
First of all, on Page 25, we can |ook at 25 or 26.
Let's look at 26. | think it's easier to talk about for

just the reasons you said. As we know, as you've

acknow edged many tinmes in these neetings, conmunication of
this information to non-technical policy nakers will be a
challenge. And let me offer some suggestions. This is a
better representation than the previous slide, but it still
doesn't go far enough. You should, |I believe, and this is
one person talking, that this should be the basis then for
maki ng statenents to policy nmakers like the Secretary that
the nean, M. Secretary, at 10,000 years, to use your case,
is zero, or essentially zero.

I n addition, though, there is a probability of "X"
that the dose could be greater than 15 mllirens per year.
And | think that that is key information, which is, of
course, not captured by this. Horsetail diagrans have that
inmplicitly, but I think it's incunbent on the Programto say
that as clearly as possible to the Secretary and to the
publi c.

In like fashion, | still have a problem-I nean, |



© 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

76

don't object on any technical ternms in the weighting that you
do, the probability weighting that you do of the nom nal plus
i gneous, but | think the Secretary should be told that there
is the probability of "Y' that the dose could be "X

t housands of mllirens in the event of igneous intrusion,

that you need to sort of de-construct your overal

probability statenments and this kind of thing.

So, that's a sernon. That wasn't a question. But
the virtue of what you' ve done, and sonething that | think
you shoul d be congratul ated for, is devel oping the database
for doing that. Though, again, there's still very serious
probl ens of the sort that you' ve known about all along, and I
think you're dealing with as effectively as you can, about
what is the correct, quote unquote, or nost defensible

representation of that uncertainty.

My last point, and this is a question, your
presentation did not cover this at all, but the Board has
communi cated to the DOE our concern about having | ooked at

certain paranmeters or elenents of TSPA with regard to their
uncertainty, and the sensitivity of TSPA results to those,
and then choosing not to carry those forward because the
sensitivities seemto be small. CQur concern was that because
of such a conplicated interconnected problem that in putting
aside a particul ar paraneter phenonenon, we mght mss, you

mght mss its contribution to a | arger systens uncertainty.
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Have you--you know what |'mtal ki ng about ?

BOYLE: On, yeah.

COHON:  Have you dug into this? Do you have sonething
to say about it?

BOYLE: Well, 1'Il deal with that imediately. W are
aware of the issue. It was comunicated in a recent letter
and al so the international peer review group, or the ACNW
may have conmented on it as well. And | mght characterize
it in part as, you know, renoving things because they seem
locally to have no effect in and of thenselves, but when
conbi ned, perhaps they do.

And if we had a fully probabilistic nodel that
per haps, you know, not weedi ng things out prematurely,
per haps we could see, you know, |leave themin if it's not too
conputationally difficult. That's probably a |arge part of
t he reason why things are renoved now. It's just they don't
seemto nake a difference. Leaving themin, you know, nmakes
the problemnore intractable, so if--1 think it's an issue
that's tough to deal with

But, | do want to bring up sone other itens you

brought up here. The separate igneous, we do have the

results separately for igneous. | didn't ask themto be
plotted this way, or didn't show them but, | nean, we coul d.

| nmean, the data are there. It's sinply a matter of, you
know, if we wanted to focus on the igneous, we could.
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COHON: Bill, but for the record, I think it's very
i nportant that doses be non-wei ghted.

BOYLE: Okay. And this gets back to--1 think your
reason for asking for that gets to another point you nade
about these where a decision nmaker--where we would tell the
deci si on maker, look, it's zero or close to zero, with a
probability of "X" of it actually being greater than the EPA
st andar d.

And it's interesting how people within the project
respond to that. Wen | asked themthat question after your
testinmony to the Nuclear Regul atory Conmi ssion earlier this
year, this sane topic cane up. There are sone people who
woul d | ook at the 300 realizations fromthe cal cul ati ons,
none of which were greater than 15 mllirens, and using a
frequent approach to probability, would say it's zero, zero
probability, which | think that there are sone people in the
roomthat don't buy into that, nyself included, because that
is the correct answer, provided 300 cal cul ati ons was enough.

But also, nore inportantly, that the underlying node
actually is correct. And to the extent that it isn't
correct, there is sone non-zero probability that is very
difficult to get people to estimate that we woul d actually be
above that |ine, using our nodel.

CRAIG Priscilla, and then | have Dan and Al berto.

Anybody el se?
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NELSON: Coul d you show Slide Number 13? | appreciate
here that you tal k about high tenperature operating node and
| ow tenperature operating nodel as opposed to designs. |
still do not consider this to be a | ow tenperature design
But on the upper plot here and on a subsequent slide, you
tal k about the steepness of this curve being an indication of
t he reduced uncertainty.

BOYLE: Right.

NELSON: And this is confusing to ne, and it's part of
the confusion | think that still is in ny head about m x of
different kinds of representations of sinplifications in your
nodel , that you've got sone cases in there in the base case
where perhaps a property or an input paranmeter has been
bounded, or a nodel output has been bounded, and nay be so
conservatively, and in the process of that, the
representation of the uncertainty in that is really lost to
many respects.

So, if you had said that that's an indication of
the conservatism that's one thing. But to say that the
st eepness there represents the uncertainty in the value as
opposed to the uncertainty that it is a bounding
representati on of nean dose, is--

BOYLE: Well, that steepness is driven by the boundi ng
representations which in, you know, plain terns, we are

throwing informati on away. W are throwi ng away uncertainty
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at the price of worse representation of results, you know,
which is the curve is shifted to the right. And, so it's one
of those things by going to bounds, the advantage to using a
bound is that it elimnates sone uncertainty, just throws it
away. We don't use it anynore, but it conmes at a price of
wor se performance, | think both of which are represented
there. The black is shifted to the right, higher doses, but
it's got a steeper curve, which it is steeper, |ess
uncertain, because we threw sonme of our uncertainty away by
switching to bounds.

NELSON: But | still have trouble with this, because it
says annual dose at the peak of the mean. Now, to ne, what
that is a representation is it's--it's not uncertainty. |It's
confusing, and when you said that, | just got stuck on that.

BOYLE: Wiat's really represented there for the bl ack
curve is is that we've found the tinme for the TSPA-SR at
whi ch the mean was at a peak. |It's roughly 275,000 years.
And we just took the horsetails and plotted themup as a
cunmul ative distribution function, and we sliced the SSPA
results at approximately a mllion years, because that's

where the hi ghest doses were.

NELSON: Well, | understand what you did then, how you
got there. It was the use of the assertion about the
reduction in uncertainty and what that ought to have is

significant is one that stuck with ne.
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kay, | want to ask you just one other thing. You
have on nodel uncertainty, you tal ked about on Slide 18,
guess what | see here is two aspects of nodel uncertainty,
and I'mwondering to what extent you're separating them One
is the uncertainty that's associated with the actual
conceptual nodel representing the systemthat is being
nodel ed.

And the second one really is the uncertainty
associated with the sinplification of the nodel for inclusion
in TSPA. And they may be approached differently in terns of
eval uating the inpact of that uncertainty on the output. Are
you separating things at all that way? | nean, because you
say where there are nultiple viable conceptual nodels, you
choose one; right? Now, that means that the uncertainty
associated with the choice of the conceptual nodel that
represents the systemis maybe not eval uated, except for in
t he engi neering judgnent, or the scientific judgnent of the
sel ection.

So, is nost of your uncertainty evaluation for the
conceptual nodel related to the sinplification aspects for
usi ng i n TSPA?

BOYLE: | don't know that | still get it, but what I'l
try and use here are exanples to get across what's done, and
a few exanples cone to mind. One is how should we treat the

rock deformati on? Should we view the world as an el astic
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continuum and use finite elenments as a conceptual nodel and
the nunerical tool to get at the answer, or should we use a
di screte el enent nodel ? The mathematics are different, the
nodel s are different.

And, so our investigators have | ooked at both
types, and | don't think either one actually factors into
TSPA. But, for design, they will end up probably choosing
one, but using--knowi ng that the other nodel is avail abl e,
and | ooking at them But they will usually in the end sel ect
one.

Anot her exanple is fromunsaturated zone fl ow where

we could use a discrete elenent representation for the flow

We coul d use an equival ent conti nuum nodel from a conti nuous
approach, or we could use a dual porosity nodel. And our Pls
have investigated nultiple nodels, but in the end, they

usual ly pick one, and all of theminvolve sinplifications,
and all of them have uncertainties.

NELSON: Let's just pick one of those. You choose one
of those nodels, those conceptual nodels, and then you
generate a whole |lot of analyses that tell you how that
system perfornms. And then you have the choice of how you
sinmplify that.

BOYLE: Yes.

NELSON: In terms of putting it into TSPA. That's

anot her question of uncertainty, because there's nore than
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one way of doing that.

BOYLE: Exactly. Sonetines the nodels aren't sinplified
at all. They're used as is. But in other cases, they are
sinplified, which just conpounds the problemof, well, how
much uncertainty is there in the result. So, I'lIl agree with
t hat .

NELSON: Ckay. Well, it seens |like that one is
inmportant to quantify the uncertainty associated with that
kind of a sinplification for TSPA. | could see why if you're
going to a picking of one when you're considering nultiple

vi abl e conceptual nodels, that the docunentation of the basis
for the selection is a different way of handling that

uncertainty. But, there is an uncertainty that can be

gquanti fi ed.

BOYLE: Sure.

NELSON: Associated with sinplification once you've
chosen one.

BOYLE: Yeah. And one change that Bob Andrews nade
after February 12th is to put--this is ny understandi ng--
t hose people that do performance assessnent, that are nmaking
that second sinplification, if you will, they don't belong to
performance assessnent anynore, they belong on the Pl side of
the fence. So that the people that are comng up with the
detailed representation of the process nodel, and if there is

a second, you know, a subsequent abstraction, that they're in
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t he sane group. So, at least it's one group working with it
now, and hopefully that will |ead to sone consistency inits
treatnment, rather than the way in the past, it was the
principal investigators would conme up with one representation
that m ght have been very detailed, and then it was a
conpletely separate group that did the sinplifications for
per f ormance assessnent.

CRAIG Okay, thank you, Priscilla.

Dan Bullen. W' re tal king about core issues for
the Board, so we're going to let this session run on until we
get through

BULLEN: Bullen, Board. Just a couple of quick
guestions, and then 1'Il defer to ny coll eagues.

Could we go to Slide 10, please? The conmment was
made here that basically--well, actually, the first question
| have is you nentioned that you got close to peak dose at a
mllion years. But how do you know?

BOYLE: Right. It actually has not bent over yet, but
as the various scientists have | ooked at it and know the
processes involved, you know, they figure, well, it's
somewhere beyond a mllion, but exactly where, they don't
know. But, you know, |ooking at the processes involved, and
al so at the steepness of the slope, and dependi ng on how you
plot the results, it's are they beginning to turn over. But

it does beg the question. W did not go out to, let's say,
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10 mllion years, the next cycle over, to see where they
actual ly--
BULLEN:. Bul |l en, Board.

| realize that, you know, the uncertainty gets even
nore pronounced as you go to 10 mllion years, but is there a
pl an or an approach at |east to take a |look at trying to
identify where the peak dose actually is? | nean, sone
| awmaker mght like to knowit's 2.3 mllion years, and
others m ght not care that it's after 10,000. So, | guess |
just wanted to know.

BOYLE: Right. | think we showed this at the neeting
June 20th and 21st. As is clear just | ooking at these three
figures, particularly the TSPA-SR to either of the other two,
dependi ng on what nodels we put in, we could nake that peak
nove, and we can bring it back in under a mllion years by
sinply renoving that tenperature dependence on the general
corrosion. W' ve done the calculation without that thrown
in, and it brings the peak back in under a mllion years.

BULLEN: Bul |l en, Board.

Just a quick foll omup question, because you nmade
the coment, and you don't have to go to Slide 15, but you
did comment at the last bullet that the | ow tenperature and
hi gh tenperature operating nodes show simlar effects of
i ncorporation of uncertainties. And | guess the question

that | have is is there reason for that, the inability of the
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nodel s to differentiate between the two? O is there a
maski ng effect, as Gerry alluded to, fromsone other total
scope of the nodel? O have you dissected it to the point
where you take a | ook at the individual subnodels and
identify that there's actually the same performance for LTOM
and HTOW?

BOYLE: Well, I'mglad you asked that, because it was
covered back at the June neeting, and JimBlink, Dr. Blink,
will cover it again today. M bullet on 15 dealt with at the
system | evel as neasured at 20 kiloneters with respect to
mllirenms per year. They | ook essentially the sane.

Dr. Blink will show many cal cul ations, or they are
certainly in the SSPA, where at the process |evel, things
vary a lot, hot to cold, you know, whether it's chem cal
constituents in the water or whatever, but when you add it
all up with our nodel, at 20 kilonmeters, you don't see nuch
of a difference.

CRAIG Okay. Next is Alberto Sagués.

SAGJES: Yes, | have a couple of clarification
questions. And Nunber 11, if we can look at it, please?
First, you cannot see very well over there, but do I
understand correctly there is a data point right there at the
pH 7, and about 10 mlligranms per liter and |ogarithmone. |
think there is a little black datapoint right there in the--

right there on the old curve. |Is that correct?
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BOYLE: That's the way it looks to ne. |'mnot that
intimately famliar with the dataset.

SAGUES: | mention that because if that's correct, that
one datapoint there, because all the--it's |like all the other
poi nts conbi ned right there.

BOYLE: Sure.

SAGUES: Which brings up the question first of all, just
to make sure | understand this right, the little circles are
the former assunptions; is that right?

BOYLE: The little circles are what?

SAGJES: Yeah, the little circles represent the input
used for the fornmer nodel; right?

BOYLE: Yeah, that's TSPA- SR

SAGJES: For TSPA-SR  Ckay. And then the solid red

curve represents the new abstraction; is that right?

BOYLE: Correct.

SAGJES: And that's based on the Argonne data?

BOYLE: Yes, Argonne, as it says there in the second
bul | et .

SAGUES: Ckay. | just thought that if | understand this
correctly, then, you know, one of the conclusions one could

derive fromthis would be that the technique used to try to
nmeasure this paraneter is inadequate.
BOYLE: Repeat that?

SAGUES: One of the conclusions one could draw from
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| ooking at this is that the nethod, the technique used to
obtain solubility data is just not good. Wat could you say
to such a statement?

BOYLE: |1'mnot a fuel dissolution chemst, and they are
the ones, I'"'msure they're highly capable and qualified, and
t hey can probably present and di scuss why they did things the
way they did. And, for exanple, as | think Professor Saglés
described it well enough, there appears to be a datapoi nt
right there. And let's assune that it is a datapoint, and
again, this shows, you know, as he had correctly nentioned,
this is a long scale, so this one conpletely dwarfs all these
ot her effects. This is a factor of ten to a hundred, versus
smal | fractions down here.

Well, | don't know why the scientists did not
include that, but it could be that it's an outlier, you know,
sonmet hing went wong in the test, but for conpleteness, they
plotted it anyway. But | don't know.

And as to that the nethod is just not good enough
to measure the solubility, again, | amnot a fuel solution
chem st, but in general, | think it's fair to state we've
probably got some of the best people in the world working on
this, and they're probably doing the best that they can.

SAGUES: Anyway, just we're talking about uncertainties,
so | guess that sort of extrene interpretation should be

soneti nes addressed as well.
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kay, the second issue was in Nunber 26, which is,
if 1'"'mnot wong, is the linear version of this one that you
have here on the right.

BOYLE: Right. [It's that one right there.

SAGUES: Right. You know, and | agree that, of course,
when you look at it in that manner, things appear to be just
totally the sanme for the first 50,000 years, and why worry
about it, and maybe that was part of the nessage that you
wanted, if not to convey, at least to bring up the idea. And
suppose that you were to translate that curve used in sone

appropriate nodel into, say, expected incidents of sone

di sease, |ike cancer, or whatever, then in that case--and,
again, this is ny personal question. |'mnot making any
Board statenment here. But in that case, | think that they

probably will have a very different neaning. You w |l have,
for exanple, a cunulative nunber of cancer incidents as a
function of time. And then the thing that you're going to
start getting into nunbers, which are not going to be
negli gi bl e nunbers, indeed, the whole concept that such a
thing is negligible or not is a totally different issue. So,
| just wanted to point this out and see what you think about
this kind of an observati on.

BOYLE: Sure. And the fundanental data are there, as is
shown in the plot to the right, which is the same data, but

plotted on a logarithmc scale. |'mnot an expect in, you
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know, what increase in cancer fatalities or cases of cancer
woul d be caused by 10 to the m nus however many mllirem per
year that is, 10 to the mnus 2, 10 to the mnus 1, but
people can do that. And | don't have that result. | plotted
it this way, because | could just send a quick e-mail and ask
themto do it. But, people can do the plot.

SAGUES: Thank you.

CRAIG  Nornf?

CHRI STENSEN:  Chri st ensen, Board.

Bill, this is maybe nore by way of a comnment, but |

think these two slides speak to the different roles of Board
and deci si on making, and the coment really harks back to the

comment that was made by Jeff Wng and Debra Knopman a bit

ago.
Now, | think the Board sees its role as being abl e-

-as a technical proxy, in a sense, for decision nmakers, of

being able to assure the technical validity of what is being

done, and in that case, the Slide Nunber 25 becones very
interesting and inportant to us, because it reveal s things,
and the issue of quantification becones really critical

| think the issue, though, that comes up is another
kind of uncertainty that you' ve nentioned, and it really is a
conceptual uncertainty, and it's not so nmuch whether the
horsetail diagrans get absorbed in those lines in Nunber 26,

but whet her we feel nore confident about the conceptual
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nodel s that underlie the two different curves.

In other words, | think being able to articul ate
that the decision to go with an analysis that produces the
blue and red line is based on increased confidence, and being
able to articulate that. That's not always a quantitative
issue. It really has a lot to do with how we feel about the
t heoreti cal underpinnings for the various parts of the TSPA

So, | would argue that, in fact, froma decision

maker's standpoint, the question that m ght come to ne i s why

are there two curves, and what was the--why are we nore
confi dent about one approach versus the other?

BOYLE: Well, thank you for the comments. And | agree
t hat even though I have now presented the results on the left
in linear/linear space, |I'mnot advocating not doing these
pl ots, because these little differences here, the scientists
know-it's inportant to themto know why they occur. And so
we' ||l probably always do it this way, but it's not clear to
me that we would want to use these plots for the decision
maker .

And t he point about being non-quantitative, in

using that to hel p convince sonebody that we're nore

confident, that point is well taken, too, in particular with
respect to conceptual nodel uncertainty, because | think it's
very difficult to get unanmbi guous quantitative nmeasure of it.

And we mght in the end base a | arge part of our convincing
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of peopl e upon, you know, argunents rather than
guantification.

CRAIG Leon Reiter, please?

REITER Bill, two short questions, one on
conmuni cation. |'mjust wondering why in that second plot on
your right, you chose to exclude the four 1,000 years when
you didn't use those peaks?

BOYLE: | just asked for the results, and this is the
way they cane. | nean, we do have the results. There wasn't
any- -

REI TER: But that's an inportant consideration in
conveying to sonebody how you choose what to show and not to

show.

BOYLE: Sure. Right. WlIl, we could have gone down to
100, 10, 1; right.

REITER  Well, you just left out the peak, left out the
peak dose before 10,000 years.

Second question. In ternms of conceptual

uncertainty, you know, there are elenents of the Program
whi ch have nade a great effort to include different kinds of
uncertainty, conceptual uncertainty. |'mparticularly
referring to the PVHA and the PSHA. Just give us an idea why
you didn't use sone of those techniques to try and deal with
t he conceptual uncertainty and nodel uncertainty.

BOYLE: | mean, we could. This uncertainties work has
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been going on for, you know, over a year now, as |'ve shown,
and it started small and grew. But doing it the way it was
done for Probabilistic Vol canic Hazard Assessnment and
Probabilistic Seism c Hazard Assessnent is an approach, that
they do take tinme and noney, and in the end, perhaps they are
debatable as well, not with respect to the process, but the
results.

And that, in part, going to the bounds, as was done
in the TSPA-SR was a nethod to just say, |ook, at the price
of throwi ng away sone information, sone of the uncertainty,
we're just going to go with the bound to make the probl em
sinpler. And, in doing so, it cane at a price of perhaps
muddyi ng the waters with respect to what we knew. But that
was t he approach that was taken.

CRAIG Dave Di odato?
Dl ODATO Diodato, Staff.

Bill, you ve spoken about the pros and cons of a
boundi ng val ue approach versus a statistical distribution.

But here in SSPA, many of the paraneters have nore
statistical distribution representation versus a boundi ng

val ue representation. So, the statistical distributions have
nore variance obviously, they have variance. The boundi ng
val ues don't. One mght inmagine that using that approach to
try to achieve stability in your PA anal yses, you m ght have

to have nore realizations with a paraneter that has variance
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versus one that doesn't.

Now, what |'mwondering is is there a techni cal
basis for choosing 300 realizations as the nunber? For
exanple, did you have a target of stability in the first and
second nonments of the dose calculations to choose that 300
realization nunber?

BOYLE: | would defer that to Bob Andrews or Jerry
McNei sh, or sonebody like that. But | amaware of the issue.
The | AEA/ NEA G oup brought this up in terns of their witten
guestions submtted, and it is quite--you know, they even did
an exanpl e cal culation for how many runs you woul d have to do
for a given, you know, probability of some item occurring.
And as to what we did to address those questions, |ike do we
real ly--are the 300 cal cul ati ons enough, you know, if all the
curves, all those bell shaped curves, or whatever other

di stributions of data we have, sonme of which vary over orders

of magnitude, is 300 enough? ['Il defer to the TSPA experts.
Rob Howard is here. He could always call back and get the
answer fromone of his colleagues, and you could bring the

guestion up again when he tal ks about the SSPA.

CRAIG Bill, I think you clearly got the interest of
the Board with your presentation. M own |ast comment here,
| nmust say | find nyself very unconfortable with this
representation here, even though |I understand the technical

reason, one having to do with the low probability but very
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high risk, which is omtted fromthis, as you correctly

poi nted out, and the other has to do with the nassive nodel
uncertainty that we have on certain areas. And this kind of
graph just doesn't let you understand that kind of
consideration, and it seens to ne that this is a prescription
for possible trouble.

So, it's well worth worrying about, and well worth
putting in all the tinme that we did this norning. Jerry has
given us a dispensation to do all of that, and correctly so.

We're now going to take a 15 mnute break--a 10
m nute break. A 10 mnute break. Please cone back at 10: 35.

(Wher eupon, a brief recess was taken.)

CRAIG Qur next speaker is Gerry Gordon, and our
Chairman isn't here, | can't legitimately nmake a remark about
how the center of gravity is noving eastward, because Cerry
Gordon got his education at Ohio State. W're getting closer

to the fanmous place in Pittsburgh

GORDON:  Good norning. 1'Il start. I'malittle
behind, so I'll try to speed up a little bit. These are the
topics that | hope to cover in the next 45 m nutes, or so.

There are five areas. | could have covered a |ot nore

territory in the way of materials update, but tine

[imtations, I'mgoing to just focus on these five areas.
We've talked with the Board at the | ast couple

nmeeti ngs about the margin for |ocalized corrosion, very
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i nportant consideration, inasnuch as the |ocalized corrosion
rates can be very high. This corrosion potential versus the
critical potential, that's the margin. The |arger that

di fference, the nore margin.

Consequently, it's inmportant to evaluate the
corrosion potential and the critical potential as a function
of exposure tine. And the |ongest term sanples we have to do
that are the sanples fromthe Long Term Corrosi on Test

Facility at Lawence Livernore, and the sanples we | ooked at

had four years of exposure. The five year sanples are due to
come out this February for descal ed wei ght | oss neasurenents.
There are also sanples in separate tanks up to
about a year and a half in very concentrated J-13 type water.
You' ve seen these conpositions of the test
solutions. | don't intend to dwell on them The yellow ones
are the Long Term Corrosion Test Facility solutions, and the

basi c saturated water is the approximately year and a half
exposure of very concentrated, approximately 50, 000X J-13.

And these sol utions have the range of chloride up to very

hi gh val ues, fluoride up to about 1600 ppm and they al so
have the anions, nitrates, sulfate, carbonate in different
ratios.

This is a rack out of the Long Term Corrosion Test
Facility. | think you' ve seen this picture before. The

water line tends to be about at the mddle of this rack. And
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to obtain sanples with [ ong term exposure, we selected the U
bend sanpl es, because they're easy to get out of the racks.
And, in fact, we selected the sanples below the water I|ine.
In renoving the sanples, we also renoved the solution, the
hot solution, to keep the sanples fromdrying out, and we
transferred the sanples with their solutions to speci al

el ectrochem cal cells for measurenent.

The next slide is a sketch of one of these cells.
In the cells, we included the four year, approximte four
year exposed U bends. Each of these cells had a different
long termtest facility environment and tenperature. There's
al so an archive, fresh U-bend, if you will, of the sane
heated material. There's a platinumelectrode, and of course
there's reference electrodes. And we're able to do cyclic
pol ari zati on on the new sanples and the old sanples, as well
as nonitor the corrosion potential as a function of tinme from
the tine they went into this vessel.

This is a summary of what |'mgoing to present in
terns of data. W found a relatively large increase in the
corrosion potential in one of the three environnents, the
simul ated acidic water. Potentials in the other
environments, the dilute water, the concentrated water,
increased slightly fromthe initial potentials. And what was
initially somewhat surprising in the four year exposed

solution, platinumelectrodes, the potentially open circuit
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potential was very simlar to the corrosion potentials of the
Alloy 22 in this four year old acidic water solution.

That indicates that it isn't just the sanple that's

changed, but also the solution. |It's becone nore oxidizing.
"1l explain this as | go into the next few slides.

These are cyclic polarization curves. The two on
the right are for new sanples. The bottom one, new sanple in
a newwy m xed solution. The next one up is a new sanple in
four year old solution. And then the upper two are four year

ol d sanples, one in new solution, and one in four year old
sol uti on.

VWat we find if we | ook at the new sanples in new
solution as we scan the potential, neasure the current, it

reproduces very well the cyclic polarization behavior
descri bed on the waste package degradation PMR  So, our
systemis working well.

The new sanple in the old solution, the passive
portion of the curve is very simlar to the new sanple in the
new solution. The corrosion potential is starting to go up,
and in fact with tine, it continues to go up.

If we |ook at the old sanples, both in the old
solution and the new solution, the corrosion potentials are
hi gh. Renenber, this is in the sinulated acidic water
environment. There are about 350 mllivolts, and also the

passive current density, which is a neasure, in a sense, of
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the corrosion rate, has shifted to roughly two orders of
magni t ude | ower rate.

Al so note that we scanned these sanples up to about
1000 mllivolts, or slightly higher, these old sanples, and
after the tests, they were examned with stereo m croscopy at
fairly high magnification, and there's no evidence of
| ocalized corrosion. And these U bend sanples do contain a
crevice where the bolt restrains the legs of the U  There's

a Teflon spacer that's pressed against the Alloy 22, and even

in that creviced region, there's no evidence of |ocalized
att ack.

|"ve tried to show schematically part of what's
happening with these sanples. This is a very schematic

active/ passive netal polarization curve. Again, you're

scanni ng the potential up and you're neasuring the current,
and you find in this passive range, that the current is
relatively constant over a broad potential range. This is

t he cathodic reduction reaction. 1In this case, oxygen
reduction. And the corrosion potential is set where these
two currents are equal. It sets on m xed potential, which in
this case is the corrosion potential .

I f you look at this passive current with time, if
you hold the potential at a fixed value and nonitor that
current with tinme, you get a plot of this type where the

current is proportional to the time to exponent N, which in
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this case is mnus .76. This is for stainless steel, just to
show this schematically.

So, the current decays in the log/log plot in a
i near manner, down to very |ow values for a passive
material. So, this passive current is decaying with tine,
and as it does, this intersection which sets the corrosion
potential is also increasing.

So, part of the increase in the corrosion potential
is due to this passive film |[It's becom ng somewhat thicker
but as we'll see, it tends to reach a constant thickness.

But al so, the perfection of the filmincreases, the defect
concentration tends to decrease with tine, and that decreases
mobility in the effective current, which is related to the
corrosion rate.

So, if we look at the potential, it's increasing
with time. This is, again, stainless steel and sea water, or
synthetic sea water. At some point, this filmreaches either
a constant thickness, or the current becones so | ow that
effectively the shift reaches sone acintodic value. So,
eventual ly, the corrosion potential |evels off.

These are the potentials measured in the four year
old Long Term Corrosion Test solutions, both the acidic
wat er, the concentrated, roughly 1000X J-13, and the dilute
water, which is approximately 10X J-13. And you can see for

t he concentrated waters and the dilute waters, the potentials
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that these sanples start at in new solution, and this is out
of the waste package degradation PVR, lie in this fairly
narrow range from about mnus 100 to mnus 250 mllivolts.

So, these materials started out in this range, and
they' ve shifted up a relatively small anobunt. In contrast,
in the sinulated acidic water, which started out about pH 2.7
and ended up about pH 3, or a little over, after four years,
in that case, the potential started here, and it ends up at
350 millivolts, an increase of about 500 mllivolts.

In spite of that increase, we know that fromthe
cyclic polarization scan, that the critical potentials are
significantly higher. So we've still maintained margin, but
we've gotten an increase in potential that's higher than
t hi nk we woul d have expect ed.

This is the basic saturated water in a separate
tank not part of the Long Term Corrosion Test Facility.
These are double U bends rather than single U bends. They're
two strips of nmetal bent over a radiused mandril into a U
and then the vertical legs are restrained with bolts. And
you can see here an increase. You start out with these
roughly 13 nonth old, and they're continuing in this cell.
We continue to nonitor the potential.

When we put new sanples in, they were at very | ow
potentials initially, and after a few nonths, the potentials

are increasing, and it's obvious they're levelling off. This
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is a pretty low value. And, again, with this environnent,
the critical potentials are nuch higher than roughly zero
mllivolts. Because we do have up to 17 nonths total
exposure on these U bends, we recently took several pair out
of these tanks and took them apart, since they represent a
very tightly creviced netal/netal contact crevice.

And the next slide is just noderately high
magni fi cati on photographs of the inside of the--let's see,
this is the inner U-bend, so it's the outer radius of the
i nner one, and the inner radius of the outer one, represent
this metal/nmetal crevice. And these were |ooked at again at
up to 80X stereo mcroscope. No evidence of any |ocalized
corrosion, no pitting, no crevice corrosion.

So, that's very encouragi ng, because this is a
pretty concentrated high pH environment at 105 centi grade
after 17 nonths.

This is another set of data in fairly concentrated
J-13, showi ng again the cyclic polarization curves. The
critical potentials are up at pretty high values. W do have
a series of potentiostatic rather than scanning a potential,
hol ding a potential, at a given value and nonitoring the
corrosion current. And when one gets above the critical
potential, you start to get film breakdown, and the current
takes off. So, that's probably a nore conservative way to

get at this corrosion potential. W are in the process of
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doi ng that.

In this case, we have Titanium Gade 7 and Alloy 22
and a platinumelectrode for conparison, and we see an
initial increase as we did in the previous couple slides ago
in basic saturated water, a |large transient increase, and
then the potential levels off. This is over about 80 days
for both the Titaniumand the Al loy 22.

W were surprised to see the platinum change,
because it's inert in this environment, but it turns out that
there's a slow build-up of deposit, and the analysis
indicates it's largely silica on the surface. And when we
took this sanple out, ultrasonically cleaned it and very
quickly put it back in the solution, it went back to this
centrally threshold or plateau val ue.

Anot her set of data, | don't want to dwell on this
pl ot because there's a |lot of data, this is part of a GE
Cor porate Research Center stress corrosion crack growh study
that's been ongoing for alnost 12,000 hours. As part of
that, these conpact tension sanples are nonitored in terns of
el ectrochem cal potential, and the potential is very, very
stable. This is an Alloy 22 sanple against the silver/silver
chloride reference el ectrode.

At about 8670 hours, we added lead to this
particular test. At 1000 ppm lead is lead nitrate. And we

saw no change in the corrosion potential. Also, we saw no
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effect on stress corrosion, which I don't have tinme to really
tal k about, but no effect of the corrosion potential, except
on the platinumsanple, the potential did shift, indicating
that probably some of this lead is plating out on the

pl ati num surf ace.

This is a conplicated bar chart, and I only want
to--these are the potentials of four year old sanples, new
archi ve sanples, and platinum sanples i mersed in these
various Long Term Corrosion Test Facility solutions. And if
you'll focus on the two bars on the left for each case,
they're the sinulated acidic water at 90 and 60 degrees
centigrade. And what you see is that for the archive, the
pl ati num and the four year old sanple, all in these four year
ol d solutions, have this very high corrosion potential, or
open circuit potential, which as | nentioned earlier,

i ndi cates the solution has becone very oxidi zi ng.

When we anal yzed the solution, this is the
simul ated acidic water after four years, |ooking at netal ion
concentrations. Renenber, these racks have a nunber of
ni ckel base alloys, not just Alloy 22, as well as sone
Titanium all oys. Sone of the alloys corrode at a higher rate
than Alloy 22. At any rate, we're getting a build-up of
iron, chrome, nickel and nol ybdenumin this simulated acidic
wat er, sonmewhere frommaybe 3 to 5 ppmfor iron, chrone and

noly, and up to 20 ppm for nickel
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In this bottom plot, we've contrasted the sinmulated
acidic water conpositions on the left with the dilute water,
whi ch tends to have a pH of about 8, it's pretty neutral,
where there's very little corrosion product, netal ion build-
up. And in this higher pH roughly pH 11, concentrated
water, there is a build-up, but to a | esser, or sonewhat
| esser extent than the acidic water.

So, we are seeing a build-up in netal ions, and
that can affect the potential, as we see in the next slide.

These are sone data fromthe literature in 4 per
cent sodiumchloride, pH 1. There are open circuit
potentials as a function of tenperature, and this base
solution has added to it different anounts of ferric and
ferrous ions. The base solution is .3 nolar of each of these
ions, and then it's diluted by 100 to 1, 1000 to 1, and
10,000 to 1. And the potentials for each of these dilution
rati os are neasured as a function of tenperature.

And you see with the 10,000 to 1 where you have
very little dissolved iron, this is a deaerated solution and
the corrosion potential of this alloy, G3, which is very
simlar in conposition to Alloy 22, and in fact responds
simlar in ternms of corrosion potential, at any rate, with
very low or no dissolved ferric/ferrous couple, the
potentials down near the hydrogen redox potential where you

m ght expect it, with as little as 17 ppm addition of ferrous
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and ferric ions, the potential junps up about 200 mllivolts,
and then goes up nore with increasing concentrations.

This couple sets up a redox reaction simlar to the
oxygen reduction reaction that | showed on that schemati c.
That sets a m xed potential on the surface of the sanple, and
dependi ng on the anount of the concentration of the redox
coupl e species, you can drive the potential up significantly.

| should just summarize that section that we think

t hat the dissolved ions fromthe corrosion process are

buil ding up, particularly in the acidic water, and are
contributing to the increase in the corrosion potential, in
addition to the increased resistance of the passive film

As | described at a previous Board neeting, the
corrosion rate database that the Project is using is based on
descal ed weight | oss after two years exposure in the Long
Term Corrosion Test Facility. Because the rates are so | ow,
they tend to lie, the nedian is about .01 mcrons per year,
and the upper bound is at 10 microns per year. Because of
that, the uncertainties and di mensional neasurenents and
wei ght | oss neasurenents, and so forth, and trying to nmake
t he measurenments, tend to mask trends in the data |ike
t enper at ure dependency, or environnental dependency.

So, in our Path Forward efforts, we are | ooking at
several different techniques to evaluate with greater

resolution the corrosion rates. And one of these techniques
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i nvol ves potentiostatic polarization, and I'll show you sone
of the prelimnary results in the next couple slides.

These are data, this upper curve is in sinulated
concentrated water. They're all deaerated to get rid of the
contribution that otherw se would occur from oxygen reduction
reactions. And, again, we fixed the potential in this case
at about 100 mllivolts over the corrosion potential, and
we're nmonitoring the passive current as a function of tine.

And when we extrapolate this plot out to two years,
we find that we're getting a rate significantly higher than
we woul d have expected based on the descal ed wei ght | oss.
This is converting the current to netal loss. This 10 to the
mnus 8 is atenth mcro per year. So, the two year data lie
down in this decade here. There's a distribution.

On the other hand, if we use water that doesn't
have all of the dissolved salts the various cation and ani ons
init, but we use, rather, pure sodiumchloride, and we use
this concentration to duplicate sonme NRC Sout hwest Research
Institute data to denonstrate our techni que was wor ki ng, and
we find that in this case, we do extrapolate down into the
range of two years that we m ght expect from descal ed wei ght
loss. And, in fact, it looks like it may be dropping off to
per haps a constant thickness high inpedance film

To explore what's causing this higher apparent

current, we went to a platinumelectrode in this sane
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simul ated concentrated water environnent, and we found that
the platinumal so yields a current as a function of tine
that's up in the range of the actual Alloy 22.

This is occurring because of redox reactions in
this very conplex mx solution. W have a nunber of anions
and cations. Sonme of them can under redox reactions. So, we
need to correct this type of data to subtract out the redox
reactions to get the contribution that would occur just due
to dissolution of the netal itself, and not oxidation
reduction reactions that are independent of the corrosion
reaction itself.

In this case, | just put this up to show you we're
starting to | ook at the tenperature dependency. And, again,

these are uncorrected data at this point. But at 25 degrees

C., at two years, these data do extrapolate dowmn to .01 to
.02 mcrons per year. And you'd expect these reduction
reactions, since they're thermally activated to be | ower at
the | ower tenperature. So, you might subtract still nore off
of this after we correct it, but it's down in the right bal
par k.

We plan to use techniques |ike using a pre-filnmed
Alloy 22 with a fairly thick filmfor the anodic dissolution

contribution dowmn to a very low value. And during this type
of process, we'll see primarily the oxidation reduction

reactions. Then we'll be able to subtract them out.
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In terns of the effect of the environnent on
corrosion, it's very inportant to define and bound the
potential environnments. And as you know from previ ous
presentations by Greg Gdowski, there have been a series of
| aborat ory evaporative concentration experinments on a range
of Yucca Mountain relevant waters, and |'l|l describe sone of
those results a little later.

But, in addition, there are a | arge nunber of
naturally concentrated water analogs in the vicinity of Yucca
Mountain in | ake beds that have evaporative salt deposits,
and we find that these waters, the groundwaters are carbonate
dom nated. Depending on the carbonate content, they tend to
divide into two generic categories, the higher pH carbonate,

sul fate dom nated waters that tend to have a pH anywhere from

8 to 12, or even 13, depending on the partial pressure of
COX2, and near neutral waters, pH of maybe 5 to 8 that are
sodi um magnesium sulfate or sodium cal cium magnesi um
dom nated waters, such as the pore waters.

In addition, in all cases, these waters contain
nitrates, as we'll see.

You' ve seen this two or three tinmes. [|'mnot going
to dwell onit. | just put it up to show these natural
anal og | akes for the sodium carbonate, sulfate, chloride

kind of waters, and for these other nore neutral pH carbonate

free when they're evaporative waters.
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An exanple of the high pHend is the concentrated
J-13, and in that case, in our corrosion nodel, we assune
that sodiumnitrate is the nost hygroscopic salt, and it
del i quesces at about 50 per cent relative humdity. And, so
once the humdity reaches that point, humd air corrosion is
turned on. Also, the fluoride content of these waters can be
on the order of 1000 ppm when they're concentr at ed.

In contrast to the high pH waters, these slightly
acidic to neutral brines have the potential to form magnesi um
and cal ciumchlorides that are nore hygroscopi c than sodi um
nitrate. And in this case, we can deliquesce relative
hum diti es down to maybe 15 or 20 per cent, and the boiling
poi nts can be up to nmaybe 160 centi grade.

This is an exanple of a concentrated, evaporatively
concentrated pore water. It's a sinmulated UZ pore water
concentrated to 1100 X, and you can see that it has
magnesi um cal cium of course chloride and nitrate in it, and
very little carbonate.

After evaporation to dryness and rewetting, these
are concentration ratios, they're not parts per mllion.

That may be confusing. So, this is 300 tinmes this 11.8 to
get to the ppm for exanple. But you can see that both the
rewetted waters and the 1100X concentrated waters are very
simlar, and they tend to be about pH, start out at alittle

over 7, and they end up about 5.
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In addition to the waters that can formon the
wast e package and drip shield, we have to al so consider
deposits that can formeither fromentrained matter that
conmes in during ventilation, as well as drift dust. And so
we're in the process of characterizing both of these
categories, the drift dust and the entrained matter, in terns
of their conpositions, and sol uble species, and so forth.

As you know, the drift dust tends to be primarily

silica polynmorphs or alkali feldspars. W know fromthe

Nati onal At nospheric Deposition Program they've been
col l ecting deposition of airborne dust, if you will, since
1985. There's a table in the backup slides of the annual

anal ysis of those deposits fromthe Red Rock Canyon region

here in Nevada. And there are waters that have magnesi um

cal cium sodium potassium chlorine, there are particles
t hat have those elenents in them And we'll see as we do the
di ssol ved ion anal yses fromthose various kinds of materials

what the dissolved content is.

The issue of trace elenents is an inportant one.
And elenments |ike |lead, nercury and arsenic can have a
significant effect on both |ocalized corrosion and stress
corrosion cracking. W are characterizing the natural
systens with these species. There are several reports that
are either in publication or now avail able on | ead, nercury

and arsenic, and we are doing evaporative concentration
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studies to determne the extent of these that remain in the
brines after they precipitate out or absorb on precipitated
particles.

We're al so | ooking at these effects on stress
corrosion cracking, and I nentioned to date, in a series of
slow strain rate tests and crack growh tests, we've seen no
effect of |lead additions up to 6700 ppmin several different
rel evant concentrated environnents.

In terms of |ocalized corrosion, the nolar ratio of
chloride to nitrate plus sulfate is very inportant. W' ve
tal ked about that previously in ternms of providing nmargin
agai nst | ocalized corrosion.

These are the nolar ratios that |'ve calculated for
the range of waters, the well water, perched water, pore
wat ers and concentrated groundwaters and pore waters. And
t hat range |ies somewhere bel ow about 2 1/2 nolar rati o,
concentrated or not.

These are sone project-generated data at the
Uni versity of Virginia done by Professor John Scully and his
graduat e students, where they have taken very tightly
creviced Alloy 22 sanples, and they've cyclically scanned
them cyclic polarization, neasured the repassivation
potential, which is the | owest potential at which crevice
corrosion propagation is expected, and they devel oped a

dat abase as a function of this nolar ratio. And these are
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primarily all done in 5 nolar |ithiumchloride.

And t hey devel oped fromthis database through a
mul ti pl e regression analysis, an equation, and |'ve plotted
the lines for 80 and 95 centigrade versus nolar ratio, and
then I've put this band of nolar ratios for the Yucca
Mountai n rel evant waters, and these vertically are the
corrosion potentials that the University of Virginia nmeasures
in these environnents.

And you can see very graphically the increase in
margin as this nolar ratio goes down agai nst |ocalized
corrosion.

In terns of characterization of the passive film
| et nme just show you sone of the new data very quickly, since
"' mrunning out of tine.

These are data on Alloy 22 in 200 degree C. air.
briefly reviewed those at the | ast Board neeting. Wat we
see is the passive film and these are tunnelling atomc
force mcroscopy data. W' re nmeasuring the filmthicknesses
as a function of tinme, and it levels off at a little under 34
angstroms, or starting to |level off.

These are sone very recent data done with x-ray
photo el ectron spectroscopy in concentrated J-13 at 95
centigrade for both Alloy 22, Titanium Grade 7. And we al so
see in this case, that the passive filmthickness is

levelling off at about 50 to 55 angstrons, somewhat thicker
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than the air formed film And, in fact, the real case wll
be that initially, we'll have an air forned film and then it
will ultimately potentially be contacted by water.
This is sone of the first transm ssion el ectron

m croscopy to explore these passive filnms on Alloy 22, again,
t he exposure conditions. [It's a conplicated process to get
at this very thin passive film but in analyzing it, this is
the matrix. We're looking through it with an el ectron beam
after thinning it with a pretty sophisticated techni que, and
we find that oxygen and chrom um are nmuch higher, of course

as you' d expect, in this thin oxide.

| know it's difficult to see here, but this
technique now wi Il allow us, using another technique called
field em ssion transm ssion el ectron m croscopy, which has a

very fine 1 nanoneter dianmeter el ectron beam we'll be able
to determ ne the structure and anal yze these passive fil ns.
So, this is a very prom sing approach

This is a simlar case for Titanium W' re just
getting started on that passive film

The final subject | want to touch on briefly is
m crobi al influenced or induced corrosion, and |'ve got mnuch
of the Path Forward effort in here in the backup slides,
because we obviously don't have tinme to get intoit. W know
that the project is treating M C based on |linear polarization

measurenents, with and w thout Yucca Muntain ncrobes
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present. W established a maxi numfactor of 2, and that's
being used in the corrosion nodels to accel erate the general
corrosion by a distribution up to a factor of 2.

Can | switch two or three slides to the concl usion?
So, to conclude then, for Alloy 22, and al so Titani um G ade
7, based on a | ot of experinental data, the resistance to
| ocal i zed corrosion is high in the expected range of
repository rel evant environnents.

That's based on observations that the corrosion
potential tends to plateau at values significantly bel ow the
critical potential, and also the |low nolar ratios of chloride
to these buffer inhibitor ions mtigates or mnimzes the
propensity for |ocalized corrosion.

The waste package/drip shield surface environnments
are boundabl e based both on | aboratory concentration
experinments, as well as the range of natural analogs in the
vicinity of Yucca Mountain.

We do have a conprehensive experinental and
nodel i ng program underway to decrease renaining uncertainties
in the area of passive filmstability and growth, and |'ve
reviewed sone of the initial nmeasurenments with you

Finally, although |I didn't review it because of
time, there is a conprehensive path forward in pl ace,

i ncludi ng focused effort to quantify any potenti al

m crobi ol ogi cal effects on corrosion.
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Thank you.

CRAIG Thank you, Gerry. Alberto Sagués?

SAGUES: Thanks for the presentation. |'mglad to see
that indeed the Project was able to do open circuit potenti al
measurenents in the | ong exposure test facility. And | think
that the results that you presented today go to show pretty
much that surprises can indeed develop in these systens in
the shape of pretty nuch of an expected open circuit
potential, | would say, under those conditions. And, indeed,
you are trying to find out a nunber of causes that may be

responsi bl e for those potenti al s.

| have a specific question. Are you going to try
to do any neasurenents to see how open circuit potentials may
devel op when you have a very thin filmof electrolyte on the
surface of the package? Because that would seemto be the

kind of condition that one m ght expect in many case; right?

GORDON:  Right, where we have a deliquescent film for
exanple. W do intend to do that. |In fact, one of the
bullets in characterization of the environnental effect chart

talks to that. W do intend to do that.

Also, the thin film potentially the corrosion
products could build up to a higher concentration than in the
bul k sol ution, because of the surface to volune ratio. So,
that's an inportant area to | ook at.

SAGJES: When do you expect to have that kind of
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research in place?

GORDON: W now have a significant cadre of researches
at Lawrence Livernore, as | think you know, and, so we're
starting to nmake progress nuch nore quickly. So, |I would
guess in the next three or four, five nonths. Alberto, is
that a good guess? |'msorry, | nmeant Raoul.

SAGJES: Ckay. You were looking at iron ions, and so
on. Wuld you expect this to create sone concern about the
use of steel sets for tunnel stabilization, and so on, |ike
maybe changing to sonething else if this looks like it m ght

be a probl enf?
GORDON:  If it turns out to be a problem we're |ooking

at thinks like clad carbon steel, for exanple, Aloy 22 clad

carbon steel, if that should beconme a problem

SAGUES: Ckay. And then | wanted to |look at that Figure
30 that you have. 1In this case, it's a good graph because it
summarizes a lot of the relevant information. The green

rectangle are the tests at the University of--no, the green
triangles are the expected environnents; right?

GORDON:  Well, the nolar ratio range. The vertical are
the corrosion potentials nmeasured at the University of
Virginia in their environnents.

SAGUES: Right.

GORDON:  Which is a very concentrated sodi um chl ori de.

It's simlar to the starting range of potentials in the
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environnments described in the waste package degradati on PMR

roughly from somewhere around zero to mnus 250 mllivolts.

SAGJES: But, of course, if you now introduce within the
real mof the possible, the kind of potentials that you
observe in the |long-term exposure tinmes that m ght devel op
when you accunul ate a | ot of undesirable species in that
el ectrolyte, then that green rectangle could becone taller,
for exanple, and it may get into what, 500 mllivolts
per haps, or sonething of that order?

GORDON: Wl |, renmenber these are the repassivations in
this potential in this concentrated environnment. | would
expect that the passive filmheals and becones nore perfect.

At these levels, at these thresholds, repassivation
potentials may increase also with tine.

SAGUES: But the repassivation is for sonething--well,
the filmhas already broken down; right? So, it would be a
reconstitution of the film

GORDON: Well, but it would reheal at a higher--
presumably, it would be a nore perfect film It remains to
be seen, but where we've ran the cyclic polarization on the
four year old filns, the passive current was significantly
| oner, and we did scan up to as high as 1000 mllivolts.
Those U-bends are creviced. Were the bolt goes through the

holes, there's a Teflon very tight crevice, and we saw no
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post-test evidence of |ocalized corrosion with stereo
m cr oscopy.

SAGJES: Ckay. | don't want to get into the details of
that, but we may have to di scuss that perhaps. But, at any
rate, if you go up to 500 mllivolts, you could al ready have
sone likelihood of this actually dissecting that 95 degrees
centigrade line, isn't it?

GORDON:  That's true if this line is representative of
what 1'Il call the Yucca Muuntain Project rel evant

environnents, which isn't 5 nolar lithiumchloride. That's

the only thing I"'msaying. |It's possible.
SAGJES: | see. And now you have 80 degrees, 95 degrees
C. W' ve been tal king, or people have been talking recently

about tenperatures as high as 150 degrees, 160 even.

GORDON:  Ri ght .

SAGUES: What would that do to those lines? Even with
the present assunptions of open circuit potential, could we
have a probl emthere?

GORDON: W potentially could have. Again, we haven't
measured, and you get to those very high tenperatures in
magnesi um cal cium chloride dom nated environnments, and we
haven't really measured the repassivation potentials in those
particul ar environnents as a function of this ratio. But, it
could. It could at 160 C., it could cross over this region.

SAGJES: And if that is the case, you will end up with
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| ocal i zed corrosion, and that would be | think that even
wi thin--even allowing for all the other mtigating factors
t hat may exist sonewhere else in the repository, | think
that, and that's again nmy personal opinion, it would be a
fairly serious problem right?

GORDON:  If it were to occur

SAGJES: If it were to occur, yes.

GORDON:  Ri ght .

SAGUES: And wouldn't that be then one of the areas of
priority in trying to investigate what happens?

GORDON: It is an area of priority. Tests are in the
Path Forward and they're getting initiated to | ook at these
concentrated potential pore water kind of environnents where
you m ght have high magnesium nore likely a high cal cium
chl oride, perhaps a small anpbunt of nagnesi um chl ori de.

| showed you sone initial data in pure cal cium

saturated cal ciumchloride, that was a backup chart to the

last talk, and it showed that there was a cyclic polarization
plot, if you renmenber, | do have a copy of it, but | don't
have it on a transparency, with nitrate. The cyclic

pol ari zati on curve | ooked very simlar to the typical Yucca
Mountain water. Wthout the nitrate there, then the break-
down potential dropped to maybe 150 millivolts.

SAGUES: Ckay. So, still, those are fairly critical

i ssues that will need to be resol ved. Because earlier this
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norning in the presentation of Dr. Dyer, that bullet on DCE
bel i eves that the bounds on waste package corrosion that
woul d be used for the SR decision are adequate, and a
confirmatory testing programis now in place. So, | nean,
the latter part is okay, but it seens to ne that we may have
a fewfairly inmportant matters that need resol ution quickly,
| think.

GORDON:  They do. As | nentioned, the initial results
| ook promsing in saturated cal ciumchloride, which is maybe
a worst case. But, you're right, we do need to do nore work.

SAGUES: Ckay, thank you.

CRAIG Don Runnells, and Dan Bullen

RUNNELLS: Runnells, Board.

|"ve had a hard tinme, Cerry, following sort of the
line of logic for the water conpositions. | know that J-13
wat er has been used a lot in it's various degrees of
evaporation and acidification. Here, we have another matrix
that's experinentally convenient.

You' ve al so tal ked about pore water and evaporated
pore water, but I don't think a |ot of experinmental work has
been done with the pore water. | think the tine has |argely
been invested in J-13 to this point.

GORDON:  That's true. Mre recently, we've started to
| ook at the pore waters.

RUNNELLS: Can you tell us what is going to be done,
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what is being done with the pore water? It seens |ike one
nore likely water to contact the canisters than J-13 water.

GORDON: Wl |, since Geg Gdowski is in the audience,
maybe | should I et himanswer that question, since he's the
princi pal investigator.

RUNNELLS: That's fine with ne.

GORDON: | nean, | can answer it to one level. | think
he can go into nore depth.

GDOWSKI : Greg CGdowski of Livernore.

| can address the issue of what we're trying to do

to understand the water chemistry that is being on the waste
package. As Gerry nentioned, we're |ooking at several
aspects of that. One is what's introduced during the
ventilation period, what is entrained in the ventilation air,

what particul ate matter, what does that bring in.

We're al so | ooking at, as Gerry nmentioned, what the
drift dust would be. | nean, you have rock there, you're
going to have sone decay of the rock. What sort of chem stry

can evolve fromwater interacting with that dust, or
del i quescing of the salts contained in that dust.

There is also a significant effort underway to | ook
at scenarios for water seeping through the nountain, what
path it takes through the nmountain, what sort of ion exchange
woul d occur as it flows through the nmountain and fl ows down

the fracture to try and understand what sort of chemi stries
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are evolving fromthat also.

As CGerry nentioned, there are primarily two types
of water. J-13 is a type of water that we're | ooking at.
It's a carbonated based water. |It's not necessarily that
we're | ooking at a saturated zone water. |It's a carbonated
based water. W're |ooking at the characteristics of that,
hi gh pH, no calcium no nmagnesium a fluoride |evel in that
type of water that occurs at high pH  Then we're | ooking at
t he near neutral waters that contain cal ciumand nmagnesi um
but that puts restrictions on the water also. Calcium and
magnesiumin water tends to renove fluoride fromthe water
so that bounds our water that way al so.

But, as Gerry nentioned, we're concerned about
t hese near neutral waters, and we're trying to do our
corrosion testing on them

RUNNELLS: How far along that path are you on a scal e of
sonmet hing, one to ten, or zero to 100 per cent, or sonething?
GDOWSKI: | think--well, one thing | forgot to nention,
al so, we're |l ooking at mnor constituents of a--concentrated
in these waters. | think Gerry nentioned we have a fairly
strong under standi ng of how J-13, or the carbonated type
wat ers, evolve

We have made significant progress | think in the

evaporation or the evaporative evolution to the brine, the

near neutral type waters. What we're lacking right nowis



© 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

124

sonme understanding of the contributions to the dust, the dust
that may contribute to the water chem stry, and al so the
entrained matters, but we have significant prograns underway
for those in this fiscal year, and al so the next fiscal year.

|"mpretty confident that sonetinme within the next
five or six nonths, we can put--

RUNNELLS: Okay, good. Thank you very nuch.

| have one other quick question | think on Slide
17. Can you tell us the relevance of this to the repository
environment? Here we're tal king about different
concentrations of iron, and nore or |l ess one to one ratios of
ferrous to ferric iron changing the potential. Can you apply

that for us to the repository environnent, to the waste

package?
GORDON: Right. I'musing this to illustrate the point
that the corrosion product build-up in the water includes

cations, such as iron, nickel, chrome and nol ybdenum and

per haps other cations, and we're finding in the acidic water,

a higher concentration of those netal ions, and we're finding

a high electrochem cal potential. And I'mtrying to

partially rationalize why we're finding that high potential.
One reason we think is this build-up in cations,

whi ch set redox potentials on the nmetal surface that can be

hundreds of mllivolts higher. So, we're seeing 350

mllivolts in the case of a different m x of ions on Alloy 22
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than here. This is just an exanple fromthe literature that
shows that fairly small amounts of these ions can have a
pretty powerful effect on raising the potential.

RUNNELLS: Now, | think Al berto Sagiés nentioned this.
What does this tell us about the steel support systemin the
drifts? 1Is this saying sonmething to us about whether or not
steel should be used? For exanple, is that going to be a bad
thing in ternms of corrosion of the waste package, of the
cani sters?

GORDON: Wl |, renmenber the steel, if it degrades and
falls, wll fall onto the drip shield rather than the All oy
22. If it were to fall on the Alloy 22, and if we had a | ow
enough pH that we could formferric chloride, then it
potentially could | ead to | ocalized corrosion areas where
t hat happened. Wth the drip shield there, that's very
unlikely to happen. Also, you' d have to get to a fairly |ow
pH to stabilize this ferric/ferrous couple, and that's
unli kely to happen.

RUNNELLS: Ckay, thank you.

CRAIG Dan Bullen for one fast question

BULLEN: Bul | en, Board.

Could we go to Figure 4, please? And this is just
a qui ck question maybe to help nme do ny homewor k, because |
haven't conpletely read the 2000 page SSPA yet. But, | guess
the thing that I'd |ike to ask, and maybe it's not Gerry that



126

| should ask, maybe it's Rob or sonmebody that's doing the PA,
but how do you take the data that are generated by the
corrosion in these kinds of waters, and then step it up into
the Total System Performance Assessnent, and identify, you
know, what fraction of the packages woul d you expect to see
with certain chem stries of water on the surface, and then
carry out the cal cul ati ons?

| nmean, | know that you cone up with essentially
corrosion rates based on the suite of experinments that you're
doing, and that gets plugged in. But is there any attenpt to
essentially differentiate between those and say, okay, if a
certain fraction of the packages are basically in simlated

dilute water with 67 ppmof chloride ioninit, and we let it

go at that?
GORDON: I f you renenber fromthe descal ed wei ght | oss
sanpl es renoved fromthese various environnents in the tanks,

we saw no effect of the environnent or the Iimted range of
tenperatures, 60 and 90 centigrade. So, it's difficult to
differentiate. That's the reason we're going to these
potentiostatic tests and |inear polarization and AC

i npedance, and ot her techniques, to get a better handl e on
whet her there are subtle differences in the corrosion rate,
or wwthin the range that we've neasured, we don't see an
envi ronment al effect.

BULLEN: Bullen, Board. | guess just a followp
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guestion then. So, essentially as you lay out the entire
repository, you don't see any differences in water chem stry
on the performance of the waste package?

GORDON:  That's not taken into account--maybe 1'I] et
Rob talk to that.

BULLEN: | guess it's just sort of counter-intuitive,
because | would think if you' re dropping acidic water on the
surface of a material, it would performa little bit
differently than if you had neutral water.

GORDON:  Well, this is acidic water, the SAW

BULLEN: Ri ght.

GORDON:  And its corrosion rate is essentially the sane
as the sinul ated concentrated water, which is a basic water.

BULLEN: So maybe | can infer then that the G 22 is

pretty good stuff?

GORDON:  It's pretty good stuff over a broad range of
pH

BULLEN:  Okay.

CRAIG |I'mgoing to have to break in here at this
point. Cerry, thank you very, very nmuch. This concludes the

norning session. It's nowtinme for public coments.
COHON:  Yes, we'll turn now to the public conment
peri od, just one question fromthe public on this |ast

presentation, not to be responded to, but it sort of is a

t hought exercise. What's the chem cal conposition of water
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in aglacier? This is notivated by the fact that this stuff
is going to be around for a long time, subjected during tines
of climte change, so there's sonething to think about.

Four peopl e have signed up to make public comrent
at this tine. Let nme remnd you that there are other
opportunities to make comments, including this afternoon.

It's estimated to begin this evening at 5:15. W
indicate on our agenda it will end at 5:45, but we're
flexible on that, and I won't call it conpletely open ended,

but a lot nore flexible than just 30 m nutes, if necessary.

So, with that, as | call your nane, if you think
you can wait until later today, or tonorrow, it would be
appreci ated, just so that we can stay close to our schedul e.

Dr. Paz? And I'mgoing to limt everybody to five

m nutes, please. Wuld you identify yourself again for the

record?

PAZ: My nane is Dr. Jacob Paz. |'m self-enployed by
Metal Service, Incorporated. | used to work at the Yucca
Mount ai n Proj ect.

My comrent is--actually, two coments. Nunber one,
we forget with all the presentations, one of the issues we're
facing is corrosion of netal and netal toxicity and
carcinogenicity. And before you make the final
recomendation to the Secretary of DOE, the issue of--is very

unsettled. [|'d just like to put into the record several
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publ i cati ons.

Nunber 1 is the--carcinogenicity, and Nunber 2 is--
antagonism It's publications fromNYU It's very clearly
st at ed.

Recently, we have reported N ckel Plus 2, with W
of chromumand x-ray interact--for--

Furthernore, netals affecting certain mcrostats in
the process of DNA replication or repair may have a simlar
antagonistic effect. Further study is, therefore,

r ecomrended.

Anot her paper from Industrial Toxicol ogy,
carcinogenicity of nickel is enhanced by the presence of
ot her carcinogens, such as visoperine (phonetic), arsenic,
hexo- chrom um

Furthernore, for 3000 relevant articles indicated,
at which they have found, 1000 of themreported evidence of
chem cal and radiation of--

To make them state of art is, in Canada, they have
carried out research on drinking water contam nated,
applicability of risk measurenent assessnents.

Finally, on this topic, is by Yang (phonetic) and
others of his group, stated that 95 toxicol ogical testing of
single nethods. The issue is here, we cannot predict what is
the risk. The risk is uncertain. |'msaying that additional

research shoul d be done as soon as possi bl e.
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| have an argunment w th--the question should be on-
-it's also EPA and DOE who is responsible. M position is
the follow ng. DOE was mandated by U. S. Congress to carry
out characterization of the site, and they're doing the risk
assessnent. EPA just wites the standards. They are not
involved in the performance of the risk and the risk
possibility of Yucca Muntain project.

And, finally, the President has called for the best
avai | abl e research to be conducted, and here, there is an
opportunity to do the best research to get sone data before
you approve, because |I'mvery concerned about the risk.

And, finally, a paper by Qppert (phonetic), from
UCLA, and he stated that according to EPA regul ation and | aw,
you cannot have a site in a seismc active region with a
hundred years flood. How are you going to put a |iner--and
when we have to | ook about injection and water treatnent
remedi ati on, we have to keep in mnd that Yucca Muntain
potentially will go through three stages, regular site,
separate site and m xed waste site. Using EPA regul ation,
you cannot have water as a nethod of treatnent.

Thank you. And | will submt to the Board all the
necessary informati on and papers. Thank you.

COHON: Dr. Paz, Karyn Severson is standing over there.
Coul d you give her those papers and references.

PAZ: 1'mgiving themto Dr. Wng.
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COHON:  Well, Dr. Wng will accept them He'll guard
themwith his I[ife. Jeff, don't |ose those. Thank you.

Sally Devlin? Sally, it would be actually, if you
don't m nd--oh, okay.

DEVLIN. My nane is Sally Devlin. | amthe public, and
| am so delighted that you all canme here. | don't see any of
our officials to welconme you, so | wll officially wel cone
you. And, of course, | am from Pahrunp, Nye County, where
this mess is intended to be stored, and I'mso delighted to
see ny friend Abe here, because anybody who got the OCRWM
bulletin, you see | just hit himover the head with nmy thing.

So, that was kind of fun

The other thing is | didn't conme to excoriate--and
that's your toastmaster's word for the day--but | cane to
prai se Caesar. And everybody sends ne everything, and as you
know, | read it, and so | brought with nme one that Bill from
NRC sent ne about the people that are going to be on the
Board to review the |icensing.

Now, | had themall checked, as you well know, and
there is one mssing. Now, this is howl'mgoing to help Abe
do the licensing, and that is the fifth person that goes on
t hat Board nust be soneone that has business turnaround
experience, another Lee |ococa, because you know ny opinion.

You have nothing. You can prove nothing. And the nore |

get into everything, there is nothing.
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Therefore, that person had better not be narrow, as
some of these scientists are that will be serving, not
consecutively, on the Board. So, that's enough. W want to
i nfl uence whoever does the licensing to be a very well
rounded busi ness person with the scientific background who
under stands transportation, nmy bugs, health issues, and a few
dozen ot her things.

Now, I'll really get into ny nmeat and potatoes, and
| want to thank you for sending nme this book. The PEES has
nothing in it except one paragraph on ny bugs. This is the
nost wonderful book | have read, and I'mgoing to go down a
few pages, and Jerry can cut nme off when it's ny five
m nutes, but the first A-1 appendi x says, and | want this on
the Page 1 of the licensing, Abe, and it says, "There wll
not be one repository, but two.”" And | have been saying this
for years. |In Lake Barrett's sunmmary, it says not one, but
t wo.

We have 126,000 netric tons besides the DOD thing.

Now, the other thing it says about the DOD waste, and of
course we all know they're going to put it in canisters. And
as you all know, the bugs cane to ny attention fromthe ness

at WPP, when the bugs ate the canisters.

We've had the testing from Livernore where the bugs
ate the rocks, and we'll get nore into that when we get on
cani sterization. But the second point that I want to nake,
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which is in this wonderful book, which is not in the PEES,
and it says that they don't know the tenperature of the
tunnels. WIIl it be 90 degrees C., or 100 degrees or
Fahrenheit, or whatever it is? And this is very inportant
because | came here with instructions fromGant that it wll
bl ow up, and that's the Nelson limts. |If it's 90 degrees,
it will be alittle better, if it's 100 degrees. So that's
his cooment. And I'mstill trying to get this Board to find
out about the Nelson Iimts. So that's your job for the day.

The other thing, and I will |leave you with this, is
this is the only book I have ever read that clearly, and |
state this clearly, that it wll take 200 to 225 years to
fill these two repositories. The transportation wll be 38
to 50 years. Then they have to leave it open for 50 years,
and maybe they'l|l ever have to retrieve it.

So, | don't know about you all, but I know Abe and
| are going to |ive another 200, 225 years, because we have a
| ovely adversarial relationship. But what about you all?

Are you going to be here? Are you thinking of the future?

And then, of course, | have to talk noney, as you
know, I'mvery fiscal, and we get into the nunbers. And that
is the nunbers that | have seen recently were for the one

repository, 58 billion. Wen | started with the
Congressional Report in |l think it was '93, it's our ninth

anni versary, by the way, in August it was our ninth



© 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

134

anni versary, and | got into this when you were going to bring
it all Pahrunp. And when we have nore tinme, | will talk
about transportation canisterization and health issues. But
this is the nost inportant thing, and | think everybody
should realize it, and especially the rest of the nation.

The | ast nunber | saw for the first repository was
around 60 billion. That's a nice nunber. And for the second
repository, it was around 67, 75 billion. And fromthe first
report to the Congress when John Cantlon was head of it, it
said there will be two repositories, the first costing 25
billion, the second costing 35 billion. Now, Paul and | and
all these guys, we go back a long way when it said those
t hi ngs.

So, the nunbers have doubled and tripled and wll
continue. And since Abe and | are going to live 200, 225
nore years, | rather worry about who's going to represent you
on the stewardship, and that's a word never used. So, we
nmust tal k about that. But that's just what is in your
witings, and I'"'mgiving it back to you because the public
doesn' t know.

Thank you, Jerry.

COHON:  Thank you, Ms. Devlin. Tom McGowan? M.
McGowan, do you want us to bring the m ke to you? You can
sit down.

MCGOWMNAN: No, I'll be over there.
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COHON: Ckay.

(M. MGowan's conplete witten comments are
attached hereto as an appendi x.)

MCGOMAN:  Where it's centrally | ocat ed.

And so | revised ny program | was going to do a
qui ck eight mnutes, but that's out of the question, because
you all appear to be fam shed.

COHON:  You'll have another shot.

MCGOMWAN:  |' Il have many shots. The doctors swore up
and down, he said how are you, | said, "I was hoping you
could tell ne."

My nanme is Tom McGowan. | reside here on Mars.
And as | said, | have sone quickie questions here, but you
don't want to hear this stuff. One was for Debra Knopman.

Dr. Knopman, | just want to tease you about this. Another
several for Dr. Wng, Dr. Craig, Dr. Bullen, Dr. Sagués,
whose first name | understand is Arturo, Al berto or Fernando,
one or the other. Al berto. Half German, okay. And you.
Are you anybody? Norn? H, Norm |'mTom And, of course,
we have our Chairnman here.

So, I"'mgoing to skip over that stuff and keep it
I i ght hearted, uncharacteristically.

My public comment today will begin with reflections
upon the broader historical perspective, and we'll transition

t he point of reference to the fundanental crux issue, wth no
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deference to fragile sensitivities this tine.

Thr oughout human hi story, mankind had attained to
successfully greater |levels of scientific discovery and
t echnol ogi cal achi evenent, all of which commendabl e advances
have been equally potentially either beneficial or
detrinmental to the best public interest of humanity and our
solar orbiting planetary hone.

Evi dence attests to the fact that the nore advanced
and sophi sticated we becone in terns of scientific know edge
and technol ogi cal achi evenent, the less integrity we exhibit
in ternms of rational, responsible and consci onabl e conpliance
with the higher noral inperative to protect and preserve
human and all other species of organic |life, as well as the
natural environment requisite to sustain life
intergenerationally and for the rest of naturally ordered
human and geol ogic tine.

Currently, we're at a neteor in terns of the
absence of human integrity, reasonable responsibility, sanity
and conscience, and we obtain as--self inpelled and
preci pitous decline toward the ultimate end state of self and
mut ual Iy i nduced non-viability, ergo toward our own induced
as inmmature extinction as a species.

Now, sone of us are already on the outgoing ship,
so thisis really a word to the wise, sone of the younger

folks here Iike Dr. Craig. Be aware, 2010, or whatever that
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is. Al of you present here are aware that Darwin's theory
of evolution did not suggest the species continue to evol ve
and then we advance toward an ultimate ideal end state of
perfection as a species, but rather, species evolve
|aterally, that way, and until they reach the point where the
l[imts of adaptability and the natural selection make it

i npossi ble to evolve any further, at which point they
pronptly become extinct and cease to exist.

Now, anyone who doesn't agree with those |ast four
assertions are free to identify yourself in the public
record, feel free to leave the room You will not be m ssed.

You will be noted, however, in the public record as being
absolutely incorrigible when it cones to reasoni ng.

Now, we have to know where we were, where we cane
from where we've been in order to know where we're going.
And that closely inplies that experience of lifeis a
seanm ess continuum and as naturally ordered, reasoning,
doubt, intellect, free will and conscience, we literally can
and responsi bly should control the direction, nature and
extent of our progress forward of the tinme remaining in our
own best interests and the interests of our progeny, if any.

The French artist, Paul Codan (phonetic), subtitled
hi s netaphoric painting of the South Seas Island, he was en
route to the subtropical jungle, with the inquiry, "W Are

We. Wiy Are W Here? Wiere Are W Goi ng?" The net aphysi cal
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signi ficance of that human--question is imediately self-
evi dent .

(Pause.)

MCGOMAN:  Woul d you like nme to sunmari ze?

COHON:  No, no, | want you to--

MCGOWAN: | can. [I'll continue this for the rest of
time, but I'll just summari ze now because he's here, and |
don't want himto get away. Dr. Abe, very quick--okay.

COHON: 1'd also like you to | eave that.

MCGOMAN:  Who are you, by the way? Ckay.

(Pause.)

MCGOMAN: Let nme just sumup for five seconds, please,
wi t h your indul gence.

Dr. Abe, ny friend, with all the things going on in
the world of stemcell research, et cetera, how does science
intend to clone the soul? And does it take one to know one?

Wth that, 1'll disappear.

(Pause.)

COHON:  Don Shettel? Please identify yourself again

when you get to the m ke. Thanks.

SHETTEL: Don Shettel fromthe State of Nevada.

In the spirit of Dr. Craig's statement this norning

about truth in advertising laws, 1'd just like to point out a
m stake, or a msstatenent in CGerry Gordon, the |ast

speaker's presentation in his backup slides. And, hopefully,
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it's not sonething worse.

On Page 45 of the backup slides, he nakes the
statenment that |ead species are not very soluble, are only
soluble in very acidic solution

Al'l these calculations that I'm going to show you
are based on, or calculated fromthe Geochem st Wbrkbench,
whi ch uses EQ 36 database. On the |eft-hand side, we have an
EH pH di agram whi ch nost people, scientists at |east, should
be famliar with, oxidation potential, vertical axis, pH down
her e.

Dr. Gordon was referring to | ead species are only
soluble in the acidic region, which I presune he neans here.

These are for these conditions up here.

Anglesite is a |lead sulfate mneral, precipitates
at somewhat nore basic conditions than |ead chloride. These
are aqueous species that predom nate. These are m neral
nanes that indicate fields for condensed or solid |ead
m ner al s.

But in the basic side, we have a very |large range
here for | ead carbonate aqueous conplex. This is at 95
degrees. |'ll nove over here to 160 degrees. The solubility
of lead mnerals increases with tenperature. As you can see,
the field for the anglesite here under simlar conditions is
shrinking. W have an expanded field in the acidic region

for lead chloride conplexes, and a larger field for |ead
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car bonat e speci es.

So, clearly, lead species are not soluble in just
acidic, or under acidic conditions. A nore rigorous
calculation wth the Geochem st Wrkbench invol ves the
speci ation calculation at a fixed pH, and scanning at pH
range here from4 to 10. The anglesite precipitates in this
range froma |lower pH up to about pH 4 1/2. Anhydite is
stabl e across the entire pH range here, and calcite starts
precipitating at about this pH, and accounts for these |evel
i nes here.

The main point | want to make here is this mght be
considered the acidic region, but even with a |lead mneral,
or condensed phase here, we have significant solubility of
| ead species. And then under nore basic conditions, we have
an even--we can have an even higher concentration of |ead
car bonat e conpl exes.

And the conclusion here is that although aqueous
| ead two plus may not predom nate as an agueous species, it
is present and available for reaction wth Alloy 22.

That's all | have to say.

COHON:  Thank you, Dr. Shettel. Dr. Shettel, if it
woul d be possible, we would appreciate getting paper copies
of those slides.

SHETTEL: These are in the backup slides for

Dr.Pulvirenti's talk
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Those are in the backup package.

And we'l|l be seeing them or we'll be aware of them

again |l ater

Thank you al

now until 1 o'clock

(Wher eupon,

| for those coments. W wll adjourn
Eat fast.

the lunch recess was taken.)
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AFTERNOON SESSI ON

COHON: Before we start the printed agenda, at the end
of the public coment period before |unch, we had a brief
presentation by Don Shettel, and | neglected to give Cerry
Gordon a chance to respond to that, if he cares to. And |
see Cerry has just reentered the room

Are you ready, Gerry, or do you need Geg to do
t hi s?

GORDON:  1'd prefer Geg--

COHON:  Well, we could try to work that in--do we expect
Greg back? GCkay, why don't we just |ook for an opportunity
| ater today, maybe at the public comment period you could
talk to G eg and have himready and we'll get it on the
record that way.

kay, with that then, 1'Il turn it back to Pau
Craig.

CRAIG Ckay. W're now starting the afternoon session,
where we have a nunber of technical talks, and the first of
these is the report fromJoe Payer, who has been doing a
review of the waste package materials, a peer review, and

their interimreport is out, and here is Joe.
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You have 30 minutes, and I will nmake noises at 25.
PAYER: Thanks, Paul. Thank you.

| appreciate the opportunity to conme here and
present this to the Board. The planis, as Paul said, is to
give you a 30 m nute overview sunmary of what's in the
interimreport of the Peer Panel on Waste Package Materials
Performance. There are copies of this report now out on the
table out in front here, if people haven't gotten it. And ny
understanding is that it's al so posted on the Yucca Muntain
websi te.

' m Joe Payer. |'m Chairman of the Peer Panel on
Wast e Package Materials Performance. And this is a sunmary
of our interimreport dated Septenber 4th.

The Panel was put together by DOE s request to
Bechtel SAIC to conduct a consensus peer panel in this area.
The inportant aspects of what our job is, our charge is to
review the current technical basis for the prediction of
| ong-term performance of materials, waste package, both the
Al'l oy 22 waste package, and the Titaniumdrip shield. And,
in addition, to assess the planned experinental and nodeling
program that supports that |ong-term performance.

So, the focus on this is the technical basis for
those two aspects, and our recomendati ons are provided to
DCE by the interimreport, and a final report that will be

i ssued in February.



© 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

144

The panel is conprised of nyself as Chair. |'ma
prof essor at Case Western Reserve University. Dr. John
Beavers is an executive vice-president of CC Technol ogi es,
which is a contract research organi zation in Col unbus, Chio
t hat does work on corrosion, materials performance. Tom
Devine is a professor of materials science and engi neering
and Chair of the Departnent of Materials Science and
Engi neering at Berkeley. Gerry Frankel is a professor at
Ohio State of materials science and engineering at GChio
State, and Director of the Fontana Corrosion Center. Russ
Jones is a senior scientist and technical group |eader at
Batell e-Northwest. Rob Kelly is a professor at the
University of Virginia in materials science and engi neering.

Ron Latanision is a professor of materials science and
engineering at MT, and also Director of the ULIG Corrosion
Labs.

Al'l of us have background in materials performance,
reliability, life prediction in different aspects of
corrosion, corrosion science.

In addition, the panel has the availability and the
use of what are being referred to as subject matter experts.

There's on the order of 15 of these people that give the
effort an international flavor. W have representatives from
Japan, Sweden, Finland, and England, U K , and al so other

North Anmerican participants who have expertise in particular
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areas, such as passivity, localized corrosion, geochem stry,
hydr ogeol ogy, and so forth. These are people that are
avai l able. They're under contract to assist us with this in
specific topic areas.

So, the overall efforts here are conprised of the
Panel. Qur Panel report is the consensus docunent of these
peopl e, and these fol ks are providing technical backup and
support to the panel.

In addition, the Project staff has been very
cooperative and working with the Panel, and al so we've had
representatives fromother factions |ooking at the Yucca
Mountai n repository.

There's a couple of noteworthy, or several
notewort hy events of technical exchanges that have occurred.

on May 23rd here in Nevada, we had the official kickoff
nmeeti ng of the Peer Panel.

On July 19th and 20th in Arlington, Virginia, the
Board organi zed, primarily Al berto was the head of that, the
guide of that, an international workshop on |ong-term
extrapol ati on of passive behavior. Several of the Panel
menbers were able to attend parts or all of that, and a
coupl e of the subject matter experts on our Panel also
participated in that workshop

A significant event--1'Il make a couple coments

about that, and | believe follow ng ne on the agenda, Al berto
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has sone tinme to give you nore of a flavor of what occurred
t here.

Tied with that neeting, we had what we're calling a
subgroup neeting. Several of our subject matter experts,
Panel menbers and interested others attended, stayed over in
Arlington, Virginia for another day to discuss |ocalized
corrosion issues. And sone of the Project staff were able to
join us at that as well.

On July 24th in Cevel and, we had representatives
fromthe State of Nevada, and representatives fromthe
Nucl ear Regul atory Conm ssion that canme and made techni cal
presentations to the Panel.

On August 10th, out at Livernore, we had a subgroup
of Panel experts and subject matter experts and Project staff
peopl e di scussing the issues of waste package fabrication.

So, we're working as a Panel as a whole, and al so
as subgroups within this area.

This just is the overall schedule. W're at
Septenber. We've delivered our Septenber 4th report. There
will be an open neeting for presentation, it wll be a ful
day neeting Septenber 25th here in Las Vegas. The Panel,

Panel nmenbers will nmake presentations in the norning, and

we' || have presentations fromProject staff in the afternoon.
So, that's schedul ed for Septenber 25th here in Las Vegas.
We will conplete our analysis and eval uati on over
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the Cctober/January tinme frane, and we're on schedule to--are
scheduled to issue our final report in February, and the
response to that report by the Project is due in the Apri
time frane. So that's where we're at.

I"d like to give you a flavor of sone of the
general findings, and then sone findings and specific sub-

i ssues that we're | ooking at.

The Panel has found no technical basis for
concl udi ng that the waste package material s bei ng consi dered
now are unsuitable for long-termcontai nnent. There are
technical issues that remain to be resolved, remain to be
settled. The likelihood of resolving those and renoving
uncertainty is great. This area of corrosion of materials,
materials performance is an area that is anenable to
experinment. It is anenable to nodeling. And, so, further
wor k and experinents and anal ysis has, in our opinion, a
great chance of reducing that.

Much of the experinental and analytical work to
support performance assessnent is underway. A |arge anount
of the necessary work is in Project plans, and remains to be
done. So, our opinion is the Project is noving in the right
direction. Their approach is sound, and there's work to be
done yet.

The effective control of corrosion of waste package

materials is essential for the long-term performance. The
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nost viable realistic threat to waste package performance is
corrosion in aqueous environments. So, that corrosion has to
be managed, and that's been recognized for quite a while, and
it continues to be a critical issue.

So, nuch of the performance, |ong-term performance
proj ection revol ves around how do you nanage, how do you
control corrosion in this particular application.

Corrosion has been a problemindustrially for many
years, and there's a common approach that has evol ved over
that tinme on how one addresses any corrosion problem and
that is determning the realistic range of aqueous
environments that can cause corrosion, and then the
sel ection, the use of materials that are resistant to
corrosion in those environnents.

When the packages are dry, in the absence of liquid
water on the nmetal surfaces, corrosion is not a problem
kay? So, we're only dealing with, we're concerned about
corrosion in the aqueous state, when there's water on the
nmetal surfaces.

Ni ckel -base Alloy 22 and Titani um G ade 7 have
excel l ent corrosion resistance over a wi de range of aqueous
environnments. The key issue beconmes do they have adequate
corrosion resistance over the realistic range of environments
for the Yucca Mountain application. That's where the

attention is being given. That's where the nmajor issues are.
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We | ooked at several sub-issues or categories of
issues in this overall assessnent. One of themwas are the
correct potential degradation nodes, the processes that can
degrade materials, has the Project identified and are they
dealing with the right set of those degradati on nodes. So,
we have a couple comments on that.

The second is are the environnents being
determ ned? Can they be determ ned? |Is the approach taken
by the Project, are they determning a realistic range of
envi ronnment s?

And then we have comments on three specific
corrosion nodes, long-term passive filns, these alloys al
depend on a thin oxide |ayer, self-form ng oxide |ayer, for
their corrosion resistance. |If that oxide |ayer remains
intact, the alloys have long, long life, very slow
penetration rates. |If that oxide |layer breaks down, then the
penetration rates can be nore rapid.

So, the three corrosion issues we're involved in
are the | ong-term behavior of passive filns, |ocalized
corrosion where that passive filmmy break down |ocally, and
stress corrosion cracking. And, so in the remai nder of this,
|"mgoing to tal k about the headlines or the overviews of
that fromour interimreport.

In the area of degradation nodes, the Panel

concludes that the Project has identified and is | ooking at
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the correct damage nodes. Corrosion, as we said, is the nost
significant potential degradation node. And the Panel has
identified three netal lurgical processes, three long-tine
processes, or processes that can occur over long tines that
could affect the corrosion behavior or the nechanical
properties of the alloys.

These aren't degradation nodes in thensel ves, but
they could lead to changes in corrosion behavior or
mechani cal properties, and we identify those three in the
report.

The Panel notes that design and fabrication details
can have a great effect on corrosion and nechani cal behavi or.

How t he packages are wel ded, how the packages are
fabricated, what sort of stresses remain, how those stresses
are managed, all of the details of design, fabrication and
assenbly and enpl acement can have a significant effect on the
corrosi on behavi or and/or the nmechanical properties of the
packages. And, so, there's issues there that need to be
addr essed.

There's ot her degradati on nodes, for exanple, just
a mechani cal failure and/or hydrogen enbrittlenment, which is
anot her inportant failure node that needs to be addressed in
the Project. And then there are other contributing factors
that can affect those. Radiation effects, radiation from

the, the flux of radiation fromthe spent fuel itself has the
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possibility of affecting the nechanical properties of the
metals. The radiation can affect the types of conposition in
the aqueous film And, so, these areas have to be addressed.
They are being | ooked at by the Project, and we suggest how
much nore of that should be done.

M crobi ol ogical activity is an area that needs to
be addressed. And, again, the fabrication issues can
contribute to this.

The status of this is that the Panel is review ng
Project plans in each of these areas to see in our assessment
where are they, how far should they go, and hopefully to
suggest approaches to get to an answer on that, so we can
conpare what's being done to what we m ght suggest being
done.

The view that's evol ved for understanding the
nmountain and how it behaves froma corrosion standpoi nt and,
again, com ng back to the waste package materials, corrosion
is the main issue. W see the world, corrosion fol ks, as
having two distinct water types noving through the nountain.

And the term nology we're using here is as the water noves
t hrough the mountain and the rock and is com ng down
approaching the tunnels and the drifts where the packages
are, we refer to that as water. Wen it gets onto the netal
surface, we refer to that as an aqueous environnent.

That m ght seemlike nit picking to you, but when
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you get seven corrosion folks in a room that was an
i nportant distinction.

Waters, in our mnd, are the waters that are noving

t hrough the rock, and changes that can occur to those waters.
When they get onto a netal surface, we tal k about the
aqueous environmnent.

Essentially, there's two types of waters, and Gerry
mentioned this in his presentation earlier, and it has to do
with the relative anbunts of cal ciumand carbonate in the
waters. |If the calciumis there in excess of carbonate, as
the waters evaporate, as you renove water, calcium carbonate
precipitates and you're left with an excess of carbonate.

And, so you go to mldly al kaline, sodiumcarbonate types of
wat er s.

If the calciumis there in excess to the carbonate,
as you renove water from evaporation, you precipitate cal ci um
carbonate, all the carbonate is renoved and you're left with
t he cal ci um magnesiumtype waters. And, so these are near
neutral type waters, pH 6, plus or mnus. These waters can
go from8 to 12 or 13.

Al'l of these waters, either the mldly al kaline
carbonate waters, or the near neutral calciumwaters, have an
ensenble, a mxture of chloride, sulfate, nitrate, many
different anionic species there, and that's inportant froma

corrosi on standpoint, corrosion behavior.



© 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

153

The Project has focused on studying these waters,
determ ning these waters by evaporating, renoving water,
whi ch can occur because of the thermal effects, and has shown
that these two general solutions described above are true.
And the Panel basically finds that this is a consistent way
to approach this problem a technically sound way to approach
t he problem

So, two waters are going to be comng into the
drifts potentially to drip onto the waste packages.

When those waters come in contact with the netal
surface then, or when the netal surfaces get wet, we see
three different conditions that can pertain on that netal
surface. The first one is a noist dust. Again, renmenber
when it's above the dew point, when there's no noisture, no
l[iquid water on it, corrosion is not an issue. Penetrate
rates are extrenely slow

And, so the netal surface is sitting wwth a drip
shield over it. There is sone dust and particulate that can
settle in on that, and Gerry had sone comments about the
makeup of that, being primarily silica based dust and
deposits, but it can also have any ot her environnental
species that settled in on it.

As the package cools down, you will get to a
tenperature at which noisture can start to form and that's

when corrosion i ssues have to be addressed. And in the
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absence of any dripping, if there's no seepage of water, then
what will happen is that noist particulate will remain on the
metal surface and the package will cool down until it gets to
anbi ent tenperature.
And, so that's the condition that pertains for the
wi dest area of surface of the waste packages and drip shield.
Moi st dust on the surface. And the question is what kind of
corrosion occurs under those conditions, and are these alloys
resistant to that corrosion.

The second class of condition that has been
identified is in the presence of droplets of water that can
formand drop down onto the hot netal surface, when that
occurs, you can |ose the water and evaporate, and you have
the possibility, the likelihood, of form ng mneral scale and
deposits on the netal surface.

So, in the area where droplets of water hit the
nmetal surface, the condition is going to be scale and
deposits on the netal surface, and the question then becones
how does corrosion--what's the corrosion resistance under
t hose conditions.

The third inportant condition froma corrosion
standpoint are in areas where there's tight netal to netal
contact. And in a corrosion science and technol ogy, we refer
to those areas as crevices.

So, if you take two nmetal surfaces and place them
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toget her, noisture can get into that creviced area and the
chem stry within the crevice can change fromthe bul k

chem stry. And, so the waters that pertain, the environnent
that pertains in that creviced area can be significantly
different than the bul k environment. The processes that go
on are well known. The need is to apply what's well known to
the specific applications of the Yucca Muntain project.

And, so we woul d suggest that the Project undertake
conpr ehensi ve experinental and anal ytical prograns, nodeling
prograns, to address these three conditions with the waters
that are comi ng in.

So, you've got two famlies of waters comng in
three different conditions, all of which should be and are
anenabl e to experinment and anal ytical treatnent.

The Panel recommends that in order to deal with
t hose issues, that you need nulti-disciplinary people. You
need sone corrosion people, you need sone materials science
peopl e, you need sone water chem stry people, and you need
that cadre of people working together on designing the
experiments and carrying out the experinents and the
nodeling. And, so we recommend that a task force be put
together to address those probl ens.

Regardi ng the | ong-term behavi or of passive fil s,
t hese alloys, both Titani um and nickel -base Alloy 22, depend

upon this thin netal oxide layer for their corrosion
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resi stance. The question then beconmes how sound is that, how
protective is that over long periods of tine. And that was
one of the major topics, or the major topic of the

i nternational workshop conducted by the Board in July, was
what is the |long-term extrapol ati on of passive behavi or.

Qur perception, and we had to word this very
carefully, because we had several Panel nenbers who were
there, we had subject matter experts that were there, the
perception of the Panel nmenbers sitting through that workshop
was, and | was one of them that there is not such a great
concern about the protective nature of the passive film
itself, the oxide itself. The concernis will the
envi ronment change over tinme in sone way to break down that
film or are there netallurgical processes that are occurring
in the material below the filmthat could destabilize the
filn? Okay? So, that was our perception.

The Project has concl uded, based on | ooking at the,
or the Panel has concl uded, based on |ooking at the Project's
data fromlong-termtest facility, fromthe | ong-term passive
corrosion rates of these netals, electrochem cal
measurenents, that the uniform penetration rate on these
alloys is quite | ow

The critical question is wll that |ow penetration
rate persist? And the Panel has identified in our report

three areas that ought to be | ooked at, the intrinsic nature
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of the passive filmitself, changes in the environnment that
could cause an instability of the film and changes in the
underlying alloy that could cause that instability.

And, so, experinental work and anal ysis over the
possi bl e range of environnents is suggested, |ooking at these
| ong-term netal | urgi cal processes, and maki ng projections
about how rapidly they may go and what their effects m ght
be. And, finally, in this area, the Panel recommends that a
backup alloy, an alloy in addition to Alloy 22 nickel base,
be carried along in the Program not in each and every
experinment, but certainly in enough of the experinents,
because several of us on the Panel see Alloy 22 as a
pl aceholder. 1t represents a highly corrosion resistant
ni ckel based all oy.

Simlarly, Titanium G ade 7 represents a highly
resistant, corrosion resistant titaniumalloy. Those aren't
the only alloys in that class. And so we woul d suggest that
a backup all oy be included.

We al so suggested a conparison all oy, sonething
i ke 825 perhaps, or pardon all this al phabet soup, but al
t hese things suggest certain conpositions of nmetal alloys,
and essentially for the nickel base alloys, as the anmount of
chrom um and nol ybdenum go up, the corrosion resistance goes
up. There's a whole famly of those alloys, and the benefit

of including a conparative alloy which has | ess corrosion



© 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

158

resistance than Alloy 22 is it can give you sone feel for
where you are and what your margin of safety is fromthe
realistic environments or not.

As far a localized corrosion, the nickel-base alloy
and Titanium Gade 7 are extrenely resistant to |localized
corrosion over a wi de range of environnental conditions. You
can find environnmental conditions, however, that will attack
these materials. And, so the question becones how do they
behave in the realistic environnments again.

The framework that the Project is taking is a valid
approach, an appropriate approach. The Panel recomends a
nore rigorous way of |ooking at sone of these critical
potentials that are being neasured, and the Panel again
recomrends that the conditions be | ooked at beyond the range
of realistic conditions, so that sonme margin of safety or
mar gi n of behavi or can be established.

In the localized corrosion areas, there's several
i ssues to be addressed. [It's been suggested here today, and
we certainly support going to higher tenperatures. The issue
of once these degradati on processes start, they don't
necessarily continue to go forever. They will arrest in nost
cases, and restart in many cases. And, so that whole issue
of arrest and re-initiation has to be addressed.

Agai n, we woul d suggest that the initiation,

propagati on and arrest behavior of these alloys be | ooked at
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for the three conditions that persist, or that pertain to
Yucca Mountain, noist dust, scale and deposits that are west,
and crevices between netal to netal contact.

Stress corrosion cracking, again, research to date,
the experinental results to date, Project data woul d suggest
t hat nickel base Alloy 22 and Titaniumare resistant to
stress corrosion cracking. The mtigation nethod,
experimental approach being taken to this, is a rational,
technically defensible, logical way to attack it.

The Panel nakes sonme suggesti ons about deficiencies
in the current programthat certainly can be addressed, and
t he Panel recommends that, again, that alternative nodels be
| ooked at in addition to the nodel that's being suggested
now.

The purpose of |ooking at alternative nodels are,
one, to validate and support the Project approach, and al so
to have an alternative in case this particular nodel is found
to be deficient.

W make two comments regarding | evel of effort and
organi zation. The Panel is concerned that adequate resources
will not be allocated to conplete the work. There's a |ot of
work that's necessary to be done. In Lake's opening comrents
t oday, he nentioned sone of the budget pressures that are
real. And, so nuch of the experinmental and anal ytical work

needs to be done. It's underway, but needs to be conpl eted,
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a |large amount of that necessary done, and so anyway, that's
what we're saying, is it is inportant that the manpower,
resources and | evel of effort be sufficient to neet the
projected tinme franes, or sonething has got to give, either
the decision points or the level of effort.

The Panel recommends a coupl e areas where we think
a closer collaboration would be very well taken. One |'ve
mentioned already in the area of determ ne the aqueous
environnments. W think that the corrosion, materials
sci ence, geochem stry, hydrol ogy fol ks ought to be working in
a conbined official task group sort of nethod, or
or gani zati onal net hod.

And we al so suggest closer integration between
design and fabrication engineers and the corrosion and
mat eri al s sci ence experts.

Agai n, industrial experience shows when the
corrosion and materials science people participate early on
in the design stages, that you can avoid sonme m stakes
further down the road.

As far as going forward, the Panel has identified
three categories that we're going to focus on in the
remai nder of our study, corrosion processes, environnment and
everything else. The last is just a curry of degradation
nodes, and so forth.

The hope is, and the intent is that the panel wll
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not only identify issues that need to be addressed, but
hopefully, we will also suggest approaches to be taken to
address those issues.

Thanks, Paul .

CRAIG Thanks, Joe. You're precisely on tine, 30
seconds.

PAYER: Professors usually are wound up for 48 m nutes,
as you know, or the audi ence wal ks out.

CRAIG I'magoing to make a conjecture, which 1'd like
you to respond to, either affirmatively or negatively.

The conjecture is that if you were giving this talk
ten years before a decision was to be made, and the resources
were to be provided to do the work that you're descri bing,
and when that work was done, the results cane out as you
expected, there were no negative surprises, positive surprise
is okay, then everything would be dandy.

But, in fact, that's not the environment we're
| ooking at. We're | ooking at an environment where what
appears to be a go, no go decision is going to be made maybe
this year, with no discernable retreat position, no credible
back-out in case the future work doesn't get done, or it does
yi el d surprises.

And you have these qualifiers, like you ve not find
a technical basis to conclude the material is unsuitable.

That doesn't sound to ne like a ringing endorsenent. O the
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Board' s wor kshop, the passive layer could, in principle, do
the job for thousands of years. Again, it doesn't sound |ike
a ringing endorsenent. And then the resources are needed to
conplete the work, as you just said. So, there's a whole
series of these which |ead ne to conclude that the programis
on a good track, but it's got a tine schedule m smatch, which
is sinmply intractable.

PAYER  Well, the response is | guess that, two things,
| think the decision point, as | understand it, and our
Panel , you saw what the scope was, it was to | ook at the
| ong-term performance material prediction, but obviously we
recogni ze that what we say is going to hopefully have sone
rel evance on things like site recomendati on and work t hat
needs to be done.

| guess | don't agree fromny perception that the
site recommendati on doesn't have a retractabl e back-out. The
decision is going to be is this a suitable site. It seens to
me you could turn the question around and say is there a
sound technical basis to show definitely that it's
intractable, that it's an unsuitable site. And | think
clearly, that's not the case. There's sone inportant
techni cal issues that have been pointed out that could, in
fact, with further study, be found to be a show stopper, but
they certainly aren't definitive now, and there's a | ot of

indications that they're going in the right direction. And
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there's a lot of resistance to this.

So, | think in ny mind, the criteria for a site
recommendation type of a decision is different than a |license
application. And that's all Joe Payer. Don't put that on
the other six guys of this Panel. So, that's the point
t here.

So, | think maybe that's the difference in ny
distinction, is we're looking at work that certainly needs to
be done before you're sure this is going to work. But it's
going in the right direction. W think there's a |ot of
